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ABSTRACT

Mosts questions on the Global Positioning Systég) are related to the actual status of
the system. For a given position on the surfacehef Earth, the actual number of visible
satellites, their trajectories, the time of thegimg and setting, the actual receiver positioe, th
actual GMT, etc are the parameters of interest.

The MONITOR displays all these issues on a cdsefidsigned graphical user interface.
The establishment of the MONITOR is based on a ¢etmpunderstanding of how GPS works.
This conceptual undertstanding is converted intoraprehensive computation.
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PREFACE

This report presents the work of group 1056 of @RS specialization at the Aalborg
University, Denmark.

The report contains 5 chapters and 2 appendidept€r 1 introduces the general project
matter. Chapter 2 gives problem formulation. Cha@ecovers basic concepts about GPS
technology, theory and specifications. Chaptervegithe system description and algorithms of
the software. Chapter 5 covers the implementatiotne GUI. Finally, a complete reference of

literature and list of figures are provided in #ppendices.

Olivier Bourrel
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1.Introduction

1.1. Background

Global Positioning System (GPS) technology ha®imecan interesting field of study for
the past decade, this is because there have bgsificsint advances made in receiver and
systems technologies. These advances have enhtdreeadfectiveness of satellite positioning
methodologies. Today, these methodologies shownpateusefulness beyond their surveying
roots.

Moreover, processing techniques of GPS carrienassghave been greatly improved.
Attempt in finding better and better ways of in@ieg the stability and accuracy of the carrier
signal, has led to the opening up of new posseslitwith improved GPS performance not
originally envisioned.

1.1 GPS

The GPS is currently the only fully functional GibNavigation Satellite System
(GNSS). More than two dozen GPS satellites are @diom Earth orbit, transmitting signals
allowing GPS receivers to determine the receivecation, speed and direction.

Longitude: 8°24'23 43"
Latitude: 46°48'37 20"
Altitude: 709,1m
Time: 12h33'07"

Figure 1.1: The basic function of GPS [17]
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Since the first experimental satellite was launchedl1978, GPS has become an
indispensable aid to navigation around the wontdi, @an important tool for map-making and land
surveying. GPS also provides a precise time reteramsed in many applications including
scientific study of earthquakes, and synchroniratibtelecommunications networks.

Developed by the United States Department of Defeihss officially named NAVSTAR
GPS (NAVigation Satellite Timing And Ranging GlobRbsitioning System). The satellite
constellation is managed by the United States Arc& 50th Space Wing.

GPS receivers come in a variety of formats (seardid.2), from devices integrated into
cars, phones, and watches, to dedicated devicds those shown here from manufacturers
Trimble, Garmin and Leica (left to right).

Figure 1.2: Civilian GPS receiver for navigatiorrJ1

1.2 GUI

A graphical user interface (GUI) is a human-coreputterface (i.e., a way for humans to
interact with computers) that uses windows, icams menus and which can be manipulated by a
mouse (and often to a limited extent by a keybeardiell).

GUIs stand in sharp contrast to command line fatess (CLIs), which use only text and
are accessed solely by a keyboard. The most fanekample of a CLI to many people is MS-
DOS. Another example is Linux when it is used imsme mode (i.e., the entire screen shows

text only).

A window is a (usually) rectangular portion of thenitor screen that can display its
contents (e.g., a program, icons, a text file oimraage) seemingly independently of the rest of
the display screen. A major feature is the abfbtymultiple windows to be open simultaneously.

Bourrel Olivier Danish GPS Center 9



Each window can display a different applicationgach can display different files (e.g.,
text, image or spreadsheet files) that have beenaxpor created with a single application.

An icon is a small picture or symbol in a GUI thepresents a program (or command), a
file, a directory or a device (such as a hard diskoppy). Icons are used both on the desktop
and within application programs. Examples includeak rectangles (to represent files), file
folders (to represent directories), a trash canndaate a place to dispose of unwanted files and
directories) and buttons on web browsers (for retuig to previous pages, for reloading the
current page, etc.).

Commands are issued in the GUI by using a mousekhall or touchpad to first move a
pointer on the screen to, or on top of, the icoapmitem or window of interest in order to select
that object. Then, for example, icons and windoass lse moved by dragging (moving the mouse
with the held down) and objects or programs caogened by clicking on their icons.

A GUI is a user interface based on graphics (i@ pictures and menus) instead of text
using a mouse as well as a keyboard as an inpidedev

A GUI is used for making communication with a m@m or a machine easier for the
user, and for displaying information which the usan easily relate.

A GUI for monitoring GPS observables and positisrcieated by following these general
rules:

* Simplicity

» Consistency

* Familiarity

Most GPS receivers are already equipped with cépabifor communicating graphically
with the user. This project will consist of devgbopy a GUI for the Ublox Antaris® 4 GPS
receiver (see Figure 1.2).

The GUI will contain many windows in order to sd® tdifferent information from the
receiver:

» Position of GPS receiver

» Position of satellites in the sky
* Precision of position

e Position error

» Signal Strength

* Pseudoranges error

Bourrel Olivier Danish GPS Center 10



1.3 GPS receiver: Ublox — Antaris® 4

GPS receivers are becoming consumer products.diti@dto their outdoor use (hiking,
cross-country skiing, ballooning, flying, and sagj), receivers can be used in cars to relate the
driver's location with traffic and weather infornwat.

Any GPS receiver contains a computer that comgtgesvn position by getting bearings
from pseudoranges to at least four satellites. résalt is provided in the form of a geographic
position - longitude and latitude - to, for mostewers, within 20 meters.

Moreover, if the receiver is also equipped withigpthy screen that shows a map, the
position can be shown on the map. And if a foustelite can be received, the receiver/computer
can figure out the altitude as well as the geogmapbsition.

If you are moving, your receiver may also be abledlculate your speed and direction of
travel and give you estimated times of arrivalgedfied destinations.

This GPS receiver contains a u-center program wstichw information about the satellite
constellation, signal to noise ratio, time etc (Bgere 1.3):

Satellite Level

Displays Elevation,
Azimuth and C/NO
(dBHz) for SVs

Satellite Position
Displays the position
of satellites in the
- sky

World Position
Displays the current
Position on a world
map Speed Meter
Displays the current
speed

Compass

Displays the current
course over ground

Altitude Meter

Displays the current
altitude

Receiver Status

Displays a summary
of the receiver
status. ek

me VWatch

Displays the date
and the current
N UTC-Time

Figure 1.3: Start display after a successful cordjput of receiver position [12]
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1.4 Matlab

It has chosen to use Matlab to design and implerienGUI in because Matlab is the
software available to the writer.

It is a good solution to use Matlab because itgwaxl capabilities in linear algebra which
is very important in the programming GPS data. @esithe capabilities, Matlab also supports
GUI development. And Matlab has everything neededHis project.

Bourrel Olivier Danish GPS Center 12



2. Problem Formulation

2.1 Actual problem with GPS

The functionality of conventional GPS receiver hétectures is usually determined
primarily by hardware with minimal configurabilitthrough software. Because the hardware
dominates the design, upgrading a conventionalivecedesign in the worst case means
completely abandoning the old design and startimgr @again. In upgrating a software GPS
receiver design the vast majority of the new canigrsoftware and the rest is improvements in
hardware component design.

A development of new positioning receivers becopreblemetic due to rapid changes in
positioning technology. There is a need for advdrreeeiver developments with respect to their
flexibility against possible changes in the struetwf future signals, thus influencing the
architecture concept of the receiver.

A software GPS receiver system in its entiretgastly to implement but the technology
provides versability and flexibility which are fareater than that of any other receiver design
technology. Therefore a software receiver is atilactive from an economic standpoint because
the particular mix of services can be altered dgpaahd the value of the investment not lost due
to changing demand. It is not unrealistic thatwsafe design approach can become an industry
standard for GPS receivers. Knowledge and expeziensoftware receiver design possibly will
become a necessity for an engineer involved inafes.

Thus taking such kind of project is an interestamgl challenging task.

2.2 Problem statement

A three month period assigned for the project aetertain limitation for achieving the desired
task. Thus, the main project task is segregatedsabtasks in order to analyse the total project.
The main project is reformulated and divided.

So, in realizing the pre analysis of this projent avorking with the Ublox Antaris® 4, the
following problems/questions have been defined.

* How to establish a communication protocol witle receiver with an appropriate and
suitable software/program?

» Explore the data types and data formats availabthe receiver, and choose between
these, the format for measurement and ephemeas dat

Bourrel Olivier Danish GPS Center 13



» Which computations are needed, to establishvecposition?

» How do we present these visualizations graplyieal

2.3How to establish a communication protocol with thereceiver with an
appropriate and suitable software/program?

The software GPS receiver consists of a RF frodt-an ADC, and a software GPS program that
runs on PC.

All the other processing including signal acqusiti tracking, data decoding, and solving
position are all implemented in software using alggrocessing techniques.

The aim of the software GPS receiver is to transfall the hardware signal processing
into a set of software algorithms running on aahlé hardware platform, including a digital
front-end that is in charge of digitizing the indoign signal and feeding the software with the
data.

The software GPS receivers process the signalftwa@ giving great flexibility and evidently
reduced processing speed (software is muche skbvaerhardware).

The signal processing function is the core of aiSGeceiver, performing the following basic
functions:

Signal acquisition: It is the signal synchronization process detectitggpresence of the satellite
and giving estimates of the signal parameters.

Signal tracking: One of the more important function is the trackprgcess. It is to demodulate
all the datas from the incoming GPS signal ancetec the data type.

Data decoding and pseudorange estimationVhen the signal data is received it is possible to
decode the GPS signal data and to estimate thendestoetween the receiver and the satellites
(this distance is the pseudorange).

Position solution: The position solution is an estimate of the regeposition. To estimate this
position, there are two solutions. The receiver got@s a position; alternatively we also compute
the position by the use of our Matlab code.

Bourrel Olivier Danish GPS Center 14



2.4Explore the data types and data formats availableni the receiver, and
choose between these, the format for measurementdaaphemeris data

In this receiver, the data types and data formadslable are contained in the UBX Binary
Protocol. All data we need to do this project available from this protocol. But some are
useless for measurement and ephemeris data andavee tb select what we need for the
Graphical User Interface.

2.5Which computations are needed, to establish receivposition?

Knowing the position of satellites from the UBXrry Protocol, the user position and
GPS time can be computed from at least four segglli

Thus the receiver position can be calculated ffgr@int methods. For instance by using
least-squares method or by Kalman filtering al¢ponit But using different algorithms the
position computation can give better results imgeof accuracy and precision.

2.6 How do we present these visualizations graphically?

We will present these visualizations graphicaljyusing the GUI of Matlab. GUI means
Graphical User Interface and will serve to show muaformation to know how the GPS
technology works. Graphically, we will present dmegs where we will find the satelittes
available in the sky, the dilution of precisiondagposition of the GPS receiver and actual GMT.
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3.Theory and Specifications

This chapter contains basic theoretical knowledggiired to understand the development
of the software-based receiver. In this chaptdedcribe the basic specifications.

3.1.Positioning with GPS

Distances between satellites and receiver are mettly measured but need to be
computed. Typically the distances are derived ftamm fundamental GPS measurements:

Pseudorange measurement: it is the basic GPSvab$erthat all types of receiver can
make. It utilize the C/A and/or P codes modulatetbahe carrier signals. The measurement
records the actual time taken from the relevaneduodtravel from the satellite to the receiver.
This time is then multiplied by the speed of lightconvert it into a distance. At a certain instant
in time, codes (C/A codes, for example) are geedratithin the satellite and the receiver. The
satellite's code is then transmitted and is pidkedy the receiver. The receiver compares the
state of the incoming code with its own code -dtierence is the travel time.

Carrier phase measurement: it can be thought othassame as the pseudorange
measurement in that it is a measurement of the tiken for a signal to travel from the satellite
to the receiver. This time, the L1 and L2 carrigmnals are utilized. Since these have wave
lengths of 19 and 24 cm respectively, the distams®me multiple (the integer ambiguity) of 19
or 24 cm plus the observed quantity. The receieesdhowever, give the user a helping hand to
allow for the ambiguities to be computed. When teeeiver locks onto a satellite signal, it
assigns some arbitrary value to the ambiguity. Ftben on, the receiver counts how many
complete cycles have occurred since lock on. lrerotords, the integer ambiguity needs to be
computed only when each satellite is locked onhgyreceiver - subsequent measurements are
correct relative to the initial one.

3.2.GPS signals

Positioning with GPS is based on radio signalssimatted from the satellites. The signals
transmitted are a mixture of codes and data messhge are needed to determine a distance
between a satellite and the receiver and to sepaighals from different satellites. The GPS
signal can be referred to as ranging signal.

The GPS ranging signal is broadcast at two fregesn

Bourrel Olivier Danish GPS Center 16



A primary signal:

L1 =1575,42 MHz = 154 x 10,23 MHz
A secondary signal:

L1=1227,6 MHz =120 x 10,23 MHz

And mathematically, the signals coming from satedlican be written as:

Su (1) = A, R.D(t)cos@rt t + @) + A,C.D(t)sin(27f +¢3)
S, (t) =A,,P.D(t)cos@rt,t + @)

Where
S 1(t) andS (1) - the two different GPS signals on L1 and L2
f, andf; .correspond to L1 and L2 carrier frequencies
Ps, Cs - the binary spreading codes for satellite s
A1, At andAy; - signal amplitudes ofsfand G codes on L1 and L2
D(t) - the 50 Hz data message broadcast by satellites
¢randg; - L1 and L2 carrier phases
t - time

The codess and Cs are known as precision or P-code and coarse/atqnisr C/A-
code respectively.

Most civilian users only use the L1 frequency Jéde. C/A code is a short Pseudo
Random Noise (PRN) code broadcast at a bit (orpamg) rate of 1.023 MHz. This is the
principle civilian ranging signal, and it is alwalyspadcast unencrypted. The use of this signal is
called the standard positioning service (SPS).rasgnt the C/A code is available only on L1.

The chipping rate of the C/A code is selectedhsd the period of the code corresponds
exactly to 1 ms for time-keeping purposes. The €blle consists of a sequence of +1 and -1,
which repeats itself every millisecond. The codes raodulated onto the carrier by the binary
phase shift keying (BPSK) modulation.
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Modulator

Broadcast
’ signal

L1 carrier - 1575.42 MHz

LI > @

C/A code - 1 Mbps

Navigation message
50 bps

Figure 3.1: GPS broadcast signal [17]

Both carriers carry the broadcast satellite mesBgt), as low frequency (50 Hz) stream
of data designed to inform the user about the heatid position satellite. This data can be
decoded by receiver and used for positioning ih@epost-process time.

The PRN signals are used for two purposes, toragpdifferent signals and to determine
the propagation delay. The PRN codes are uniquedoh satellite and have special correlation
properties: the cross correlation is almost zeroalb time shifts for different codes, and the
autocorrelation is high at the zero time shift alabe to zero for all ather time shifts.

This property makes it possible for a receiveatquire signals from different satellites
and to determine the propagation time by correjatime received signal with an internally
generated copy of the transmitted signal. The s8m# for the highest correlation is a measure of
the propagation time.

Bourrel Olivier Danish GPS Center 18



3.3 A basic GPS receiver

The basic GPS receiver is shown in figure 3.2. Sigmals transmitted from the GPS
satellites are received from the antenna. Throbhghradio frequency (RF) chain the input signal
is amplified to a proper amplitude and the freqyeiscconverted to a desired output frequency.
An analog-to-digital converter (ADC) is used to itigp the output signal. The antenna, RF
chain, and ADC are the hardware used in the receive

After the signal is digitized, software is usedptocess it. Acquisition means to find the
signal of a certain satellite. The tracking progremused to find the phase transition of the
navigation data. In a conventional receiver, thgugition and tracking are perform by hardware.

Hardware
Antenna
RF ADC

chain
User Satellite Ephemeris & Subframe Tracking Acquisition | |
position position pseudorange identify
Software

Figure 3.2: A fundamental GPS receiver [1]

From the navigation data phase transition theraoi#s and navigation data can be
obtained. Ephemeris data can be obtained from thegation data. The pseudoranges are
estimated from a correlation process based onrtrasf of the navigation data. The ephemeris
data are used to obtain the satellite positionsalfyi, the user position can be calculated for the
satellite positions and the pseudoranges. Bothwaaesl used to collect digitized data and the
software used to find the user position will becdssed in the report.
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3.4. User Position

Before determining the user position, we havertdeustand the term pseudorange. This
word is the association of pseudo and range. Ehad say we can articulate pseudorange as an
equation:

pseudo-range = range + receiver clock offset

The receiver clock has an offset and is showhisméquation:
b = cldt,
where

b - the receiver clock offset
dt, -the clock error

- the speed of light

Figure 3.3: Explanation of receiver clock offset

The position of a certain point in space can henfofrom distances measured from this
point to some known positions in space. Let us samee examples to illustrate this point. In
figure 3.3, the user position is on the x-axisgtls a one-dimensional case). If the satellite
position § and the distance to the satelliteate both known, the user position can be at two
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places, either to the left or right of.3n order to determine the user position, theatlisé to
another satellite with known position must be meaguln this fugure, the positions of &d %
uniquely determine the user position U.

X1 X1 X2

' A

® A
y
A 4
A

S
Figure 3.4: One-dimensional user position

Figure 3.4 shows a two-dimensional case. So adetermine the user position, three
satellites and three distances are required. Hue tof a point with constant distance to a fixed
point is a circle in two-dimensional case. Two Bié#s and two distances give two possible
solutions because two circles intersect at two gsoid third circle is needed to uniquely
determine the user position.

For similar reasons one might decide that in adktimensional case four satellites and
four distances are needed. The equal-distance tmae fixed point is a sphere in a three-
dimensional case. Two spheres intersect to makela.cThis circle intersects another sphere to
produce two points. In order to determine whichnpas the user position, one more satellite is
needed.
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Figure 3.5: Two-dimensional user position

In GPS, the position of the satellite is knowmirthe ephemeris data transmitted by the
satellite. The receiver measures the distances fhenreceiver to the satellites. Therefore, the
position of the receiver can be determined.

3.5. Basic equations for finding user position

In this section the basic equations for deterngrtime user position will be presented.
Assume that the distance measured is accurate ader ahis condition three satellites are
sufficient. In those equations, there are threenknpoints at location;ror (x, yi1, z1), . or (%,

Y2, 22) and g or (X3, Ys, Z3), and an unknown point at or (X, Yu, ). If the distance between the
three known points to the unknown point can be nregkas

P :\/(X1_Xu)2+(y1_yu)2+(21_zu)2+b

P> :\/(Xz _Xu)2+(y2 _Yu)2+(22 _Zu)2+b

P =\/(X3—Xu)2+(y3—yu)2+(ZS—Zu)2+b

Ps :\/(X4 —Xu)2+(y4—yu)2+(24—2u)2+b

With b the receiver clock offset seen previously.
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Because there are three unknowns and three egsiatie values of xu, yu and zu can be
determined from these questions. Theoreticallysetishould be two sets of solutions as they are
second-order equations. These equations can bedsilatively easily with linearization and an
iterative approach. The solution of these equatwitise discussed later.

In GPS operation, the positions of the satelli®s given. This information can be
obtained from the data transmitted from the s#étslland will be discussed. The distances from
the user (the unknown position) to the satellitassttbe measured simultaneously at a certain
time instance.

X1, Y. 4
z X2, Y2, &

X2, Yo, 2o

/.

XU! yUl ZU

v

Figure 3.6: Use three known positions to find onknown position

Each satellite transmits a signal with a timenexfiee associated with it. By measuring the
time of the signal traveling from the satellitett® user the distance between the user and the
satellite can be found.

3.6.GPS errors and accuracy

3.6.1.User Equivalent Range Error (UERE)

The position calculated by a GPS receiver requhescurrent time, the position of the
satellite and the measured delay of the receiguhbi
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To measure the delay, the receiver compares th&eqitence received from the satellite
with an internally generated version. By comparthg rising and trailing edges of the bit
transitions, modern electronics can measure sigfisét to within about 1% of a bit time, or
approximately 10 nanoseconds for the C/A code.eSiBeS signals propagate nearly at the speed
of light, this represents an error of about 3 ngt€his is the minimum error possible using only
the GPS C/A signal.

Sources of User Equivalent Range Errors (UERE)

Source Effect
lonospheric effects + 5 meter
Ephemeris errors + 2.5 meter
Satellite clock errors * 2 meter
Multipath distortion + 1 meter
Tropospheric effects + 0.5 meter
Numerical errors + 1 meter or less

3.6.2.Dilution Of Precision (DOP) computation
Several external sources introduce errors intositipn estimated by a GPS receiver.

One important factor in determining positional@ecy is the constellation, or geometry,
of the group of satellites from which signals aesng received. DOP only depends on the
position of the satellites: how many satellites yaim see, how high they are in the sky, and the
bearing towards them. This is often refered tdhasgeometry.

An indicator of the quality of the geometry of thatellite constellation is the Dilution of
Precision or DOP. The computed position can vapedding on which satellites are used for the
measurement. Different satellite geometries cannmag@r lessen the position error. A greater
angle between the satellites lowers the DOP, aadiges a better measurement. A higher DOP
indicates poor satellite geometry, and an infen@asurement cofiguration, or in other words:
the lower the value the greater the confidencaensblution.
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Good Dilution of Precison

Poor Dilution of Precision

$ N

Figure 3.7: Different Dilution Of Precision

DOP is often divided up into components. These pmrets are used because the
accuracy of the GPS system varies. The satellicegerso the geometry varies with time, but it
is very predictable.

The geometrical dilution of precision (GDOP) isngmuted from the geometric

relationships between the receiver position andotigtions of the satellites the receiver is using
for navigation.

* Geometric DOP (GDOP). Three position coordinates plock offset in the solution.

GDOP= %\/azx +02,+02, + 02,
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Where

o -the standard deviation derived from the leasiasg procedure
0,0,0, - the measured rms errors of the user positidharxyz directions
o, - the measured rms user clock error expressditiance

Position DOP (PDOP). Three coordinates.

PDOP= i\/azx +02,+02,
o

Horizontal DOP (HDOP). Two horizontal coordinates.

GDOP= %Jazx +02,

Vertical DOP (VDOP). Height only.

vbop= 7z
g
* Time DOP (TDOP). Clock offset only.
TDOP= %
g
3.7. Measurement of pseudorange

The fundamental observation quantity in GPS is phepagation time of the signal
between the satellite and the receiver. The distasmeneasured on the basis of the propagation

time multiplied by the speed of light.

phase.

A GPS receiver basically makes two kinds of meaments: pseudorange and carrier

Time of travelAtis measured and then the range to satellite isiledbdd as:

p=clAt+b
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where

Yo, - the distance measurement (pseudorange)

c - the speed of light, which in the GPS is sé238792458 m/s?
At - measured travel time

b - the receiver clock offset

Each terminal, transmitter (satellite) and recergecontrolled by a separate clock. The
satellite clock generates the signal. The recail@rk detects when the signal arrives. But both
clocks must keep the same time, because an ertioe isynchronization of the two clocks of 1 us
creates an error in range of 300 meters. But stnsepratically impossible to keep the two clocks
perfectly synchronized physically, it is usuallyngomathematically. In general each clock will
run at its own rate, keeping its own time. Howevehe relationship between the two time bases
defined by the clocks is known, then they can bellsynchronized. So the problem is to find the
relationship between the two time bases. GPS wonkg bacause we can asume that all GPS
satellite clocks are synchronized. A user can @Esume that all the simultaneous GPS ranges
measured by their receiver are related to the seloek at the satelitte and of the range
measurement.

The difference in two time frames introduces abido the measurement. Pseudorange
technique requires accurate time information. Pseutye is the time shift required to line up a
replica of the code generated in the receiver withreceived code from the satellite multiplied
by the speed of light. Ideally the time shift i ttifference between the time of signal reception
(measured in the receiver time frame) and the wfemission (measured in the satellite time
frame).

Evry satellite sends a signal at a certain tisneThe receiver will receive the signal at a
later timetu. The distance between the user and the satielite

IOiT = C(tu _tsi)
where
P - the true value of pseudorange from user tolgatel
c - the speed of light
tu - the true time of reception
tsi - the true time of transmission from satellite

From a practical point of view it is difficult, fiot impossible, to obtain the correct time
from the satellite or the user. The actual sagetlibck timet'si and actual user clock timier are
related to the true time as

t'g =t +4y,
t'U = tU + bUt
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where

Ab,
b

ut

- the satellite clock error
- the user clock bias error

Besides the clock error, there are other factffecting the pseudorange measurement.
The measured pseudorangeas

P, = Py +AT, +Al, —c(Ab —-b,) +e
where

AT -the tropospheric error

Al. - the ionospheric error

€ - other biases

But some of these errors can be corrected: fomplg the tropospheric delay can be
modeled and the ionospheric error can be corrant@dtwo-frequency receiver. The errors will
cause inaccuracy of the user position. Howeverutige clock error cannot be corrected through
received information. Thus, it will remain as arkmown.

Thus, the pseudoranges are used for computingodiséion of the receiver in code
measurements. So, concretely the pseudorange fremeteiver to a satellite is given by the
equation:

re :\/(xu —xs)2+(yu - ys)2+(zu —25)2 +cldt,

- the pseudorange

X,, ¥,» Z, - the receiver position

X%, y°, z° - the satellite position

c - the speed of light

dt - the error in the receiver clock

3.8.Signal to noise ratio

The signal to noise ratio (SNR) is given as thevgroof the receive signal relative to the
power density of the noise in the signal. If théueaof the SNR is high, then the received signal
is stronger than the noise in the signal and &bethge estimation is possible. The correlation of
the received signal with the receiver generatedasigiill be better if there are less noise in the
received signal.
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In theory, to compute the SNR, it will be neceggar compute the power of the signal
and the power of the noise.

3.9. C/A Code Generator

The satellites also broadcast two forms of cloderimation, the Coarse / Acquisition
code, or C/A which is freely available to the pablnd the restricted Precise code, or P-code,
usually reserved for military applications.

The C/A code is a 1,023 bit long pseudo-random dwdadcast at 1.023 MHz, repeating
every millisecond. Each satellite sends a dist@®\ code, which allows it to be uniquely
identified.

The P-code is a similar code broadcast at 10.23 ,MHtzit repeats only once a week. In
normal operation, the so-called "anti-spoofing nipdlee P code is first encrypted into the Y-
code, or P(Y), which can only be decrypted by uwits a valid decryption key.

G1 generator

Gl

1.023 MHz Reset G2
clock all one ,@ > +
C/A code
-7 Positions of these feedback
determine the satellite ID

_________ . N
7

A A 4
[
N
w
N
&)
o
~
00
©

10

<

\-I_J‘GZ generator

Figure 3.8: C/A code generator [1]
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The C/A code signals can be generated from theugtoof two 1023 bit PRN sequences,
G1 and G2.

Both G1 and G2 are generated by 10 stage lingtirregisters which are driven by a
1023 MHz clock. The generated sequence length 28 ixs. The C/A codes sequence is the
result of modulo-2 adding of the outputs of G1 &®l The output of G1 is from the last bit of
the register, while the G2’s output is generatednftwo bits which are referred to as code phase
selection through another modulo-2 adder. Seleatibthese bits is defined by the satellite
number. The implementation of such code generatstraight forward according to the diagram
shown in figure 3.7.

3.10. GPS Data Format

Each GPS satellite provides data required to suigherposition determination process. Figure
3.8 provides an overview of the data contents andtsire within the navigation message. The
data includes information required to determineftiewing:

- Satellite time of transmission

- Satellite position

- Satellite health

- Satellite clock correction

- Propagation delay effects

- Time transfer to UTC

- Constellation status

Significant Subframe Contents

LT =l . GPS Week Number, 5V Accuracy and Health, i,
SUBFRANME LRt [ HOW and Satellite Clock Comection Terms

SUBFRAME 2| TLM | HOW Epherners Parameters

SUBFRAME 2| TLM | HOW Ephemeris Parameters Frame

TS A= wi | Almanac and Healh Data for Satefftes 25-22, Special Messages, Pages
SUBFRAME 4 | TLM | HOW Satellite Configuraton Flags. and lonospheric and UTC Data -2l

SUBFRANME 5| TLM | HOw Alrmanac and Health Qrﬁeftggqﬁ?eéﬁsmh-#i:p: Almanac Refzrence) P_EiEf_’E '

Figure 3.9: Navigation Message Content and Fornvatr@ew [5]
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The message structure utilizes a basic format B6G0 bit long frame made up of five
subframes, each subframe being 300 bits long. Suiafs 4 and 5 are subcommutated 25 times
each, so that a complete data message will rethergransmission of 25 full frames.

The 25 versions of subframes 4 and 5 are refeiweals pages 1 through 25 of each
subframe. Each subframe will consist of ten woedsh 30 bits long; the MSB of all words is
transmitted first.

Each subframe and/or page of a subframe starts avitelemetry (TLM) word and a
Handover word (HOW) pair. The TLM word is transmdtfirst, immediately followed by the
HOW. The latter is followed by eight data wordscEavord in each frame contains parity.

At end/start of week (a) the cyclic paging to sabfes 1 through 5 will restart with
subframe 1 regardless of which subframe was lasstnitted prior to end/start of week, and (b)
the cycling of the 25 pages of subframes 4 andl5&gtart with page 1 of each of the subframes,
regardless of which page was the last to be tratesnprior to the end/start of week. All upload
and page cutovers will occur on frame boundaries, (nodulo 30 seconds relative to end/start of
week); accordingly, new data in subframes 4 andag start to be transmitted with any of the 25
pages of these subframes.
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4. System Description and Algorithms

This chapter gives a detailed description of tagous parts that make up the system. It
begins with the description of how we were abledtablish a communication with the receiver,
and then a description of the Matlab functions usethta handling and processing.

4.1 Overview

The following section gives a general overview loé ttomponents of the system used as an
implementation of the solution as stated in théojanm formulation

i

GPS receiver Ublox® Antaris 4

\

MATLAB

Matlab Workspace

Figure 4.1: Overview of the setup
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4.2. The Software

This is the main part of the code, written for @G#l. It consists of several functions and a
main loop. The main aim of the function is to maintthe GUI and to acquire new data from the
GPS receiver.

4.2.1.The flow diagram

The following general functionality has to be pied by the developed software:
* Establish communication from Matlab workspacéh®Ublox Antaris 4 GPS Receiver.
» Handle binary data
* Process data in Real-Time

The function is described in a flow diagram showifrigure 4.2.

The function starts by declaring and initializirag set of variables and the serial
communication. It sets up communication with theereer and optimizes the serial port settings
for a faster communication mode.

After the initialization of the serial communiaati, the programm calls th&ntaris_send
function. This function has only input variablesséts up the receiver in order to “ask” to the
receiver what parameters we need in the sequel.

Then, theAntaris_ CRCfunction is used in this function to compute tlagadparity. This
function needs as input a message in a form ofdryssy and has as output two CRC bytes.

To request and download data from the receiver famction is used. We only read what
the receiver sends.

Bourrel Olivier Danish GPS Center 33



> Satpos2.m > Check_t.m
» Check_t.m

» Recpos_Is.m » E_r_corr.m
> Topocent.m > Togeod.m

» XYZ2LLA.m
» Tropo.m

» IEE754.m

Real_time.m

» Antaris_ CRC.m

» Antaris_send.m » Antaris_ CRC.m

» Twos_compl.m > Bin2dec2.m

» Dec2binx.m

Figure 4.2: Relation diagram of the m-files in gystem
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Set com port parameters

Was the last operation successful ?

YES

v

Enable UBX messages

A

» Read message Class, ID and Size |«

A

Read the message

A

Read CRC message

Is CRC message successful ?

NO YES
v

Read message NAV and RXM

A

Compute Satellite positions, Elevation and Azimuth

A

Compute Longitude, Latitude and Altitude of GPS receiver

:

Update Monitor display

:

Disable UBX messages

> Close

Figure 4.3: flow chart of the overall program
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4.2.2.Description

The Real_timefunction is used to write to receiver and to reeall the data we need to make
the GUI.

The first lines of the function are to initializecannection with the GPS receiver through the
serial port (COM) There is no input to this fuocti The ouput is:
the ephemerides

- the longitude

- the latitude

- the altitude

- the parameters of measurement (RXM)

- the parameters of navigation (NAV)

- the coordinates X, Y and Z

- the Azimuth

- the Elevation

- the PRN number

- the position of satelittes
The function starts by detecting the serial pot@hmunication in COM 5. The detection would
be done by asking the user to input the serial pomber to which the receiver is connected;
there will be a possibility of amelioration. If tl&PS receiver is not connected to the computer or
an error appeared before, the function createsran e

Can not open serial port, try again.

Then, if there were no errors and the detectiorssuacessful, the function detects the serial port
settings of the GPS receiver. It does so by chayiti@ parameters and querying the receiver.
It is necessary to set the communication property:

- Baud rate

- Data bits

- Parity

- StopBits

- Terminator
As we have already told, if those parameters atéh@osame between the serial port object and
the device, the data are not readable or writable.

Next the main function collects all variables neefle the single position calculation of the GPS
receiver. So the function will read all the measwats, ephemeris and position from the
receiver.

To get the measurement data (RXM), we have to tl@actlass which is marked by the class ID.
The receiver download the UBX message to the sbu#kr. To extract the values from the
binary string the message needs to be parsed. s\tttegormat of the message is known, so the
buffer is read by chunks of bytes.
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After parsing all the message, the variables rbastonverted from the binary string of
bytes to a decimal number. This convertion is dent the twos_compl function which
converts two's complement binary into decimal.

4.3 Serial communication

Matlab was used in writing and reading data tort#eeiver through the serial port. In doing so
the following steps were taken:

« Serial port object was created in Matlab workspa
« Communication settings were configured.
» Data were written and read from the receiver.

4.3.1. Creating the serial port object

We can create a serial port object with skeeal function.serial requires the name of the
serial port connected to the device as an inputraegt.
Once the serial port object is created, its progeire automatically assigned. But, we can also
configure property values during object creation.

For example, to create a serial port object aasediwith the serial port COM5:
S = serial('COM5");
4.3.2. Configuring the port setting
Before read and write data, the serial port obgead the device must have identical

communication settings. If they are not identithén we could not successfully read and write
data.

Baud Rate 9600
Data Bits 8
Parity None
StopBits 1
Terminator CRI/LF

The Matlab Command set was used in setting themaarntation properties. The same
command was used in setting the time out (thihéslength of time elapsed before an error
message is output if no data is transferred).

The receiver was also set to the same values.
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4.3.3. Writing and reading data

Before reading data, the program has to send aagego the GPS receiver in order to
take only the information we need. ConsequentlyMa#éiab commandwrite was used to write
into the receiver. But a function is necessaryetadsmessages to the Antaris GPS receiver.
Antaris_send function
Functionality:
This function will make the messages to be sertleédntaris GPS receiver.

Operation:

This function needs mainly to input the messagsscla be sent and the message ID to be sent in
decimal.

fwrite(comm,Antaris_send(2,16,1,1));

So this line sends to the Antaris GPS receiventhssage class 2 and the message ID 16.
These parameters correspond to the RXM-RAW 0x0200xhis message contains much
information needed to be able to compute satqibtgtion, Longitude, Latitude or Altitude ...

The receiver will return messages of type RXM-RAS\WWafined Figure 4.4.

Message RXM-RAW
Description Raw Measurement Data
Type Periodic/Polled
Comment This message contains all information needed tallbeto generate a
RINEX file.
Header ID Length  Payload Checksum
Message Structure *
OXB5 0x62 0x02 0x10 o F NSV 8+ NSV#24 1 Ack B
* 24 Bytes
Payload Contents:
Byte Number : .
Offset Format Scaling Name Unit Purpose / Comment
0 14 i ITOW ms Measurement integer millisecond

GPS time of week (Receiver Time)
Measurement GPS week number

4 12 i Week weeks (Receiver Time)
6 Ul - NSV - # of satellites following
Ul - RES1 - Reserved
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Start of repeated block (NSV times}
Carrier phase measurement [L1

8 +N*24 R8 - CPMes cycles
cycles]
16 + N*24 RS8 - PRMes m Pseudorange measurement [m]
24 + N*24 R4 - DOMes Hz Doppler measurement [Hz]
28 + N*24 Ul - SV - Space Vehicle Number
Nav Measurements Quality
Indicator:
* N i >=4 : PR+DO OK
29 + N*24 11 MesQI >=5 - PR+DO+CP OK
<6 : likely loss of carrier lock in
previous interval
30 + N*24 11 - CNO dbHz Signal strength C/No. (dbHz)
31 + N*24 U1 i LLI i Loss of lock indicator (RINEX
definition)

Figure 4.4: Messages in Class RXM output statusresult data in from the Receiver
Manager [14]

Now we send all the messages we want we can teadnessages the Antaris GPS
receiver send. For example to read the GPS tintieeofveek in seconds, we need to use this line:
time = twos_compl(dec2binx([msg(4) msg(3) msg&)(in]),1) *10"-3;

So to have the GPS time of the week, the prograsrdaead the bits 1 to 4. These bits contain
binary data; we have to compute in decimal to beprehensible. So a function is necessary:

twos_compl function
Functionality:
Function converts two's complement binary into ohedi
Operation:
sk = twos_compZ1(bin, sign)
This function needs in input a signed or unsigbethry number (bin) and the User
longitude (sign):

0 - unsigned
1 - signed
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And this function returns the decimal number (sk).

Consequently after having computed the decimalbmurof the message, we have just to
multiply by 10”-3 so as to have the GPS time asrs#® of week.

So we have to do the same procedure for all clagsegant to read.

4.4, Data Format in Ublox® Antaris 4
4.4.1.UBX protocol key features

The u-blox GPS Receivers use a u-blox propriepaogocol to transmit GPS data to a
host computer using asynchronous RS232 ports. pgrbgrietary protocol has the following key
features:

« Compact. 8 Bit Binary Data is used
« Checksum Protected, using a low-overhead check&yorntam
« Modular, using a 2-stage Message ldentifier (Class- Message ID)

4.4.2. UBX packet structure

A basic UBX Packet looks as follows:

SYMNC SYNC
LEMGTH Ch Ch
CH{’-\R CHQAR CLASS IO Little Endian / / A B
Dec 98
Hex 62
1 Byte Payload
(#sCiior b) Message size depending an %Egﬁigum
I} LEMGTH andfar Class, ID
Dec 181 1 Byte Length of the Payload (2 Bytes)
Hex B5 Eessage exciuding Sync Chars, Class, ID, Length and Checksumn fields

(IS0 88591 for y)  Class

Figure 4.5: UBX protocol framing [12]

* Every Message starts with 2 Bytes: 0xB5 0x62
* A1 Byte Class Field follows. The Class defineslihsic subset of the message
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A 1 Byte ID Field defines the message that is tlmfo
A 2 Byte Length Field is following. Length is dedid as being the length of the payload,
only. It does not include Sync Chars, Length Fi€lass, ID or CRC fields. The number

format of the length field is an unsigned 16-Bieiger in Little Endian Format.
* The Payload is a variable length field.
e CK_Aand CK_Bis a 16 Bit checksum whose calcutatgdefined below.

4.4.3. UBX Class IDs

A Class is a grouping of messages which are ctlateach other. The following table
gives the short names, description and Class Iinbiehs.

- NAV 0x01 Navigation Results: Position, Speed, Time;, Aeading, DOP, SVs used

- RXM 0x02 Receiver Manager Messages: Pseudo Range€/iddg Channel Status

- INF 0x04 Informative Messages: Printf-Style Messaggt, Ids such as Error,
Warning, Notice

- ACK 0x05 Ack/Nack Messages as replies to CFG Inputsisigss
- CFG 0x06 Configuration Input Messages: Set Dynamic 8lo8et DOP Mask
- UPD 0x09 Firmware Update Messages

- MON Ox0A Monitor: Stack Usage, Comunication StatusUJ@®ad, IPC Status, Task
Status

- AID 0xOB Navigation Aiding: Ephemeris, Almanac feeds
- TIM 0xOD Timing: Timepulse Output, Timemark Results

- USR 0x4x SCK Customer Messages

But only the NAVigation measurements and the RXMasurements are required to establish the

monitor’s functionality described in the problenmrfalation.
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4.5 Detailed description

To calculate the receiver position using the lsgstares method from measurement data
from one epoch, quite a few things need to be céatburhe m-file recpo_lIs therefore calls a
number of other m-files during its execution. Aletm-files in this computation are made by Kai
Borre. The functions will be described briefly tive following.
Recpo_|s function description

Functionality:

Calculate receiver position from one epoch usiagttsquares method.

Imt'lahzes all Compute Compute error of Compute new Call Satpos2
Start variables and » . : : ;
Traveltime Traveltime Traveltime function

structures

A
A
A

Compute distance .| Calle_r_corr Compute new Call Topocent Call Tropo
rho function distance rho function function

End

Figure 4.6: The flow diagram &ecpo_Idunction

The aim of this funtion is the computation of tteeeiver position from pseudoranges.
The input of this function are the pseudoranges gfthemerides, the number of satellites and the
time. The output of this function are the positiohthe receiver, the Geometric Dilution of
Precision (GDOP), the Elevation and Azimuth andRRN number of satellites.

The first necessary step is to assign the righeeahis to each measurement.

The second thing needed, is a time correction. tifhe available in the data set is the
receiver time when data is received. This needdeoconverted to the time of the data
transmission from the satellite. The correctiorthisrefore a function of the signal travel time.
Another correction is also needed at this poin@atTik the error introduced as a function of the
earth’s rotation. The correction for earth rotati®emade by the m-file_r_corr. A time check by
Check_im is also engaged.
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e_r_corr function description

Set omega_dot Compute satellite
Start parameter (rate of > pu End
rotation error

right ascension)

Figure 4.7: The flow diagram of e _corr function

When the time is corrected, all satellite posgiatYZ in a ECEF system, at time of signal
transmission, can be calculated, from the inforamain the ephemerides. This is done by the m-
file satpos2

Satpos2 function description

Set universal

gravitational . | Assigning the local| | Compute satellite End
constant and Earth’s variables to Eph positions

rotation rate

Figure 4.8: The flow diagram &atposZunction

The Satpos2function computes the X, Y, Z coordinates at aetitnand for given
ephemeris. The Satpos2 function takes the ephereoeres specific satellite, the epoch time as
input arguments. As output it returns the coordisaif the satellite for which ephemerides were
input, in ECEF format (i.e. X, Y, Z).

The flow diagram for th&atposZunction is shown figure 4.8.

The Satpos2function starts by declaring constants which iea @PS have specific values. An
example, the universal gravitational constant drel Earth’s rotation rate are needed for this
computation.

After the declaration of constants, the local Malea we need from the computation are assigned
to Eph.

When the satellite positions are known, their agim elevation and distance can be
calculated. This is done in the m-filgpocent
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topocent function description

Call togeod
function

Y

coordinates

Compute N, E, U

Compute Azimuth
and Elevation

YES

Az = Az + 360

+7NO

Compute Distance

D

Figure 4.9: The flow diagram ¢dpocentfunction

End

With information about elevation it is possiblecmmpute a correction for the delay in the
troposphere. This is done in the m-fitepo, which uses a model of a standard troposphere. No
meteorological measurements are made; all parasnatertherefore either standard values or set
to zero. There will be made no correction for tke&g in the ionosphere. It is therefore also set to

Z€ero.

tropo function description

Set all parameters

Compute

4

Tropospheric
correction

Figure 4.10: The flow diagram @rfopo function
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XYZ2LLA function description

Then, in order to show the position of the GP®irexr to the user, it was chosen to
compute the Latitude, Longitude and Altitude frdm toordinates of the receiver X, Y and Z.

Set ellipsoid major Compute Radius Compute Latitude
Start . X » of parallel and > .
and minor axis Theta and Longitude

Convert Longitude
» Compute Altitude » and Latiude to End
degrees

Compute the
curvature

Figure 4.11: The flow diagram ofY Z2LLAfunction
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5.Implementation of the GUI

This chapter describes the way the graphical parthe GUI was designed and
implemented and which considerations were takemthis process.

5.1 Graphical User Interface

5.1.1.Advantages of GUIs

A major advantage of GUIs is that they make compaperation more intuitive, and thus
easier to learn and use. For example, it is muskee#r a new user to move a file from one
directory to another by dragging its icon with euse than by having to remember and type
seemingly arcane commands to accomplish the sake ta

Adding to this intuitiveness of operation is tlaetfthat GUIs generally provide users with
immediate, visual feedback about the effect of esatlon. For example, when a user deletes an
icon representing a file, the icon immediately gig@ars, confirming that the file has been
deleted (or at least sent to the trash can). Towdrasts with the situation for a CLI (command
line interface), in which the user types a deletenmand (inclusive of the name of the file to be
deleted) but receives no automatic feedback indigahat the file has actually been removed.

But the GUI has become much more than a mere omnvee. It has also become the
standard in human-computer interaction, and it imfisenced the work of a generation of
computer users. Moreover, it has led to the deveéoy of new types of applications and entire
new industries. An example is desktop publishingjctv has revolutionized (and partly wiped
out) the traditional printing and typesetting inttys

Despite the great convenience of the GUI howesgstem administrators and other
advanced users tend to prefer the CLI for many ajers because it is frequently more
convenient and generally more powerfull. On Unkelbperating systems, GUIs are actually
just attractive, convenient coverings for commané programs (i.e., programs which operate
from a CLI), and they rely on them for their opéyat

One of the great attractions of Unix-like opergtsystems is that they have maintained
their CLI capabilities while continuing to improvkeir GUIs, thereby allowing advanced users
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to harness the full power of the computer whilewdtaneously making it easier for beginners and
intermediate users. In consequence, the newerovarsif Microsoft Windows (such as 2000 and
XP) have downgraded their CLIs to marginal roles.

5.1.2.Start with the GUI

At the beginning, the user have no choice andingtto do to run the graphical User
Interface. It was chosen to an “observable” GUlhwitt any interactions between the user and
the interface because this GUI is GUI to show @& user how GPS works.

Thus, the establishment of the monitor is based oamplete understanding of how GPS works.
And this conceptual understanding is converted antomprehensive computation.

The user will see all the important values requi@dnderstand the GPS technology. It will be
shown the actual status of the system in real time.

It has been chosen to do an information messatieedieginning, when the user run the
program, like the one shown in figure 5.1. The ragssallows the user to come back if he has
clicked in error in the men8tart.

___i. Run Monitor for G... @|§|

@ Run Maonitar for GPS?

Ce] (o]

Figure 5.1: The information message at the laucbfr@ul

Thus, by the same way, it has been chosen to sifownation about the GUI itself and
some information about the creator of the GUI drel dopyright by clicking on thElelp menu
following by theAboutmenu

The information ofAboutmenu is shown figure 5.2.
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o

b anitar for GRS
Werzion 1,0 [2007.05,78]
By Olivier BOURREL

Cloze

Figure 5.2: The information message by clickingAmoutmenu

5.1.3.Basic window

The basic window is shown in figure 5.3.

As | said before, there is no control area intthsic window because the basic user is not
expected to have enough knowledge of GPS positionin

Having a control area in this window would only keahe window more confusing to
navigate in which eventually would lead to more fosion for the basic user and making it
harder for the user to extract the information reeked

The window will have the very minimum informatioabout GPS positioning to
understand it. Most information shown in the windisvwgraphical. There is only little numerical
information provided.

As it was discussed before, the basic user isnaduo have little or no understanding
about GPS. It was chosen to make the informatiahitheasy to understand like the position of
the user and the sky view which have a biggergfatie window than the information about the
difference between position computed and positieasared or the Dilution Of Precision.

Every graphical user interface needs to get ttentidn of the user. So as to reach this
aim, it was chosen to use colors in the skyview@oidrs for the different graphics like precision
of position or the Signal to Noise Ratio (SNR). Bl view does not have the same array of
colors but it was chosen to show the position ef different satellites with their PRN number,
which is their identification number.

The text in the window has been grouped by cdlmfelp the user to distinguish between
titles, text labels and numerical information fradme GPS receiver.
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5.1.4.The menus

The menus are positioned in the upper left sidd@fvindow in the way as lots of menus
in the windows based systems. It would be a goed td move this menu to another place, but
Matlab does not provide this feature.

The structure of the basic menu is shown in Figude

Menu of the GUI

File Help

» Start » Description —

> Skyview

» Exit

Signal to Noise
Ratio (SNR)

A

Dilution Of
"] Precision (DOP)

Position of
receiver (Read
and Compute)

A

» About

Figure 5.4: The structure of the GUI window menu
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The menu consists of two groups of choice:
* File
* Help
Those groups are very common in graphical userfates. Thuskile menu allows the
user to:
e Start the program in real time
e Quit the program

And theHelp menu allows to the user to have some descriptibtigs interface:

» Description:
- of Skyview

- of the Signal to Noise Ratio
- of the Dilution Of Precision
- of the position of receiver (Read and Compute)

* About

So the last menuAbout is dedicated to some information about the Geélff some
credits about the creators of the GUI and the dghystatement.

5.2.The position

The most important information for the basic usdo know the position of the receiver.

The position is quantified by two pieces of infotioa:

- the first is about the three text boxes which ghe basic user information about
longitude, latitude and altitude.

- the second is to show on a graphic the differeretevden the receiver position
and the Matlab position.
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Most people know that a position on the Earth bandetermined in relation to the
Equator and the Greenwich Meridian and consisteree components:

e Longitude
* Latitude
* Altitude

The height is usually given as a number of metdisve the mean sea level. And
Longitude and Latitude can be given in degreesutasand seconds or in decimal degrees.

Thus, to make the information in the three textdsoabove the map easy to read and
interpret by the user, it was chosen to show thgitade and the latitude in decimal degrees and
the height is shown in meters above the geoid wisialsed as a representation of the mean sea
level.

Position of GPS receiver
Longitude [ *) Latitude { *) Altitude [ )

9.98942 57.0132 71.5264

Figure 5.5: The three text boxes showing the coatds of the user position

Then, it was chosen to show the difference betwibenposition computed and the
position measured from the GPS receiver.

Position of receiver

+  Matlab Position
m*“' +  Receiver Position

Figure 5.6: This graph shows the receiver posiioa the Matlab position.
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5.3.Satellite positions

In order that the user can better understand #8, @e satellite positions will be shown
by using a skyview. A skyview is essentially a pgibot, where the length of the vector drawn in
the polar plot is equal to the zenith distancehefgatellite measured in angular units.

To make a skyview for the basic user, it is neagst® do an understandable polar plot. A
polar plot with satellite positions is not someththat a basic user understands very easily.

Consequently, the best way to make such a potdarysiderstandable is to relate it to a
compass which is known by most people. So the pdtarwill be circular but instead of showing
N for north direction and E for east directionwitl show 0 degree for north direction in order to
be a little bit more precise. This would make tlasib user understand that he is in the “middle”

of the plot and that he is being informed aboutdinection to the satellites compared to his own
position.

And it was chosen to show the PRN number of eatdllge near their position in order to
help the basic user to know which satellites avatihe horizon.

The skyview with the position of the different dahie satellites is shown figure 5.7.

Satellite Skyplot

Available satellites inthe sk, 9

180

Figure 5.7: The sky view as it appears to the Egru
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5.4The DOP values implementation in the GUI

First, the PDOP value is used as an indicator batwprecision to expect from the
positioning.

In the interface, the PDOP value will be showm dmorizontal bar graph, going from zero
to seven. As the estimated precision of the posisobetter the lower the PDOP gets the basic
user needs to be informed about this problem. @fkerthe basic user would most likely expect
the estimated precision of the position to be békte higher the value is. Therefore a text under
the graph will explain what a good value is (iesd than five).

In addition, when the values is under the valug,fthe bar will turn green. And if the
value is between 4 and 6, the bar will turn yellahile if it gets larger than 6, the bar will turn
red. This should make the indication of the precisof position easier to resd and intuitive for
the user as yellow is the normal color used forniveys and red is the normal color used for
severe warnings.

The graph of the precision of position is showmuifeg5.8.

Plane Dilution Of Precision

a 1 2 3 4 ] 5] 7
(Zood precision if value <5

Figure 5.8: The basic user window graph for theeBren of Position

Then, in another graphic, the DOP observablesbegilbresented:

- GDOP
- PDOP
- TDOP
« VDOP
- HDOP
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To represent all values, it was decided to usmpls histogram.

The graph of DOP values is shown in figure 5.9.

Dilution of Precision (DOP)

DOF values

GOOPPDOPTDOPYDOPHDOP
Dilution of Precision

Figure 5.9: The graph of DOP values

5.5.Signal to Noise Ratio (SNR)

In this interface, the Signal to Noise Ratio W illustrated by two graphics.
The value that relates to the SNR is called “sigtedngth” and will be shown as a bar going

from O to 80.
The SNR will be represented in a histogram showirg SNR, in decibels, for each satellite

symbolized by its identification, the PRN number.

5.5.1.The Signal Strength

The first thing to take into consideration wastél the user the meaning of SNR.
Consequently, it was necessary to create anothee laan “Signal to Noise Ratio” in order to

the user would be able to understand the phragmébio Noise Ratio”.
Therefore, it was chosen to call SNR :"Signal &gte” which is not really a good term

but which helps to the meanig of this expression.

In the graphical representation, it was chosemade a horizontal bar that shift colors,
depending on how good the signal strength is.
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Having chosen the representation, it was choseiséahe same colors that many bars to
show the strength:

Green: representing a good signal
Yellow: representing a somewhat bad signal
Red: representing a bad signal

The good thing about this changing of colors is ltlasic user can see immediately the
signal strength without especially knowing the eabf the signal. Therefore when the bar gets
into the yellow or red fields there will be “noisei’ the signal compared to when the bar is in the

green field.

An example of the signal strength bar is showngare 5.10:

Signal Strength

a 20 40 B0 80
Good signal if value is bigger than 30

Figure 5.10: The signal strength graph

Bourrel Olivier Danish GPS Center 56



5.5.2.The SNR

In addition to the signal strength, it was choseshow the SNR for each satellites. The
SNR is represented with a histogram. The SNR shibwsreception of the signal for each

satellites which we can locate by their PRN number.

The SNR graph is shown in figure 5.11.

Signal to Noise Ratio

SNR (dE)

Z7m 2 8 X 48 3 2% 13 0N 19
Satellite Mumber (PRM)

Figure 5.11: The bar diagram of the SNR for eatéllga
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5.6The Time GMT

Greenwich Mean Time (GMT) is referring to meanasdime at the Royal Observatory,
Greenwich in England. It is often used to refeCmordinated Universal Time (UTC) when this
is viewed as a time zone, although strictly UT@rsatomic time scale which only approximates
GMT in the old sense. It is also used to refer toversal Time (UT), which is the astronomical
concept that directly replaced the original GMT.

Local 2007-05-20 11:40:42 Sunday day 140 timezoh€+P
UTC 2007-05-20 09:40:42 Sunday day 140 MJD 54248280
GPS 2007-05-20 09:40:42 Week 1428 34856 s cycleekw404 day O

Figure 5.12: Example of clock the 2007-05-20 adQ¥42

Actual GMT
Year honth Day
2007 5] 1
Hour hin Sec
9 4 13

Figure 5.13: The actual GMT in the GUI the 20074@bat 17:41:46
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6.Conclusion

6.1.0bjectives

According t the introduction, the main objectivegre to design and implement a
observing graphical user interface for monitoriygtem for the Ublox Antaris 4 GPS receiver
using the Matlab programming environment.

The real-time version of the prototype GPS reaewas developed. And this monitor
provides to the user a complete understanding of G®S works. Thus the algorithms for the
monitor system and the GUI design were created.

6.2 Results

Consequently, | have gained through a period odettmonths knowledge about many
subjects in this project.

6.2.1.GPS

| gained an understanding of the basic GPS thaodythe algorithms for the GPS. This
understanding was primary gained during the desonpf the theory and the programming of
functions directly related to the process of cotimgrraw GPS data and computing useful
information from this data.

6.2.2.Communicating with GPS receiver

The Ublox Antaris 4 GPS receiver has some partiities regarding communication
with it. | gained some knowledge in the field oétivay binary data is converted to normal data
representation in order to interpret the informagoming from the receiver.

| have obtained an understanding of how to compaieivia Matlab with an Ublox
Antaris 4 GPS receiver. This knowledge can be gdized into an overall knowledge of how to
communicate with most GPS receivers that allow campation with a computer.
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6.2.3.Programming in Matlab

With this project, | gained an understanding ofviio program in the Matlab environment
and specially with the communication serie Inputfibt and the design of a Graphical User
Interface.

6.3.Conclusion and perspectives
6.3.1.Conclusion

The overall conclusion is that | succeed in malkangorkin graphical user interface for a
monitoring software to the Ublox Antaris 4 GPS ieee | used the algorithms of the position
calculation, principals of the designing the GUHdahe programming environment of Matlab.
Nevertheless, there is still much more to learnientove in my software.

6.3.2.Perspectives

It would be a mistake to confine this work in tatlab environment. Beacause it would
be very interesting to combine the work process$ withigh level programming language in
order to make better improvements for this graghisar interface.

In addition, another important improvement woulel to make the application a stand
alone application. Therefore it is very impeding fbe user of having Matlab installed in the
computer so as to run the monitor.

And several functions like changing the colorshef graph, the size of the GUI, the place
of the graph, the size of the main window allowipgtter customization of the GUI would
increase the attractiveness of an application.
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