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Abstract:

In the last decade, the Global Positioning Systemgroved his relevance being one of
the most accurate and the most reliable navigatystems available in the market. The
remarkable characteristic about GPS is that thellatnavigational information is
available to anyone, anywhere, free of charge. @frse, you need to buy a GPS
receiver to use the data, but it's a pretty smalestment compared to the amount of
information you can get.

Through this project, we discovered the endlessipitisies offered by the GPS. Its
usability does exceed its indispensability for margvellers. GPS has indeed many
functions that make it still very useful even ie tiesearch area.

Nowadays, around me, you and us, the scientificldvas only talking about
miniaturisation. The miniaturisation announces néascinating world, unlimited
research fields and promising perspective. Thrayghanufacturers aim to reach better
performance, more resistance, less pollution asd tdarge. But with miniaturisation
other aspects are affected, other problems musalen into consideration; magnetic
and electric fields, heating, and noise...

Having the GPS miniaturised is a great achievemBmen they are easily embedded,
applicable in the robotic field. They are light arety convenient for the localisation of
our flying robots and for the recognition of thpath.

Zusammenfassung:

In der letzten Dekade hat das Global Positioningt&y rasch zugenommen an
Bedeutung. Es ist einer der prazisesten und geteudivigationssystemen verfugbar
im Markt.

Das merkwirdige an GPS ist dass die Satellitenrimdition verfugbar fur alle, tberall
und kostenlos ist. Naturlich muss man daflr ein @P3fanger kaufen, aber es ist
richtig eine kleine Investition im Vergleich mitidelenge der Informationen erhéltlich.

Durch dieses Projekts haben wir die Geheimnisse @& entdeckt. Sein Verbrauch
beschrankt sich nicht nur auf Reisenden, es hat aueh verschiedene Funktionen, die
im Forschungsbereich sehr hilfreich sind.

GPSs sind in stendingen Entwicklung. Um uns herdim, Wissenschaftler reden nur
dber  miniaturizierung. Miniaturisierung  6ffnet  fasernden Horizont,
erfolgversprechenden Perspectiven und unendlicihehBngsbereiche. Dadurch wollen
die Hersteller bessere Leistung, bessere Robustiveihiger Kosten und weniger
Schadstoffemission erreichen.

Aber wenn wir die Bauteile verkleinern, treten daamdere unerwiinschte Effekt, die
auch berticksigtigt werden mussen.

Die miniaturieseirte GPS sind eine sehr groRe Hdoaderung. Sie sind sehr einfach
eingebettet, einsetzbar im Bereich der Robotik. $iel leicht und geeignet fur die
Lokalisierung von unseren fliegenden Robotern umdlfe Erkennung von deren Pfad.



TECHNISCHE UNIWERSITAT MONCHEN

m LEHRSTUHL FUR STEUERUNGS- UND REGELUNGSTECHNIK I:

ORDINARIUS: UNIV.-PROF. DR.-ING JUNIV. TOKIC MARTIN BUSS
EXTRAORDINARIA: UNIV.-PROF. DR.-ING, SANDRA HIRCHE

20 .3.2010
PRACTICAL COURSE
for

Hanen Soufi, Mat.-Nr. 3123093
Akram Ben Halima, Mat.-Nr. 03281634

Design and Evaluation of various miniaturized GPS modules

Problem description:

Knowing where you are is essential for many mobile robotic scenarios. GPS (global positioning system)
is a technology that allows outdoor localization around the world, currently with a precision in the range
of 10s of centimeters. Various commercially available modules exist, such as navigation systems for cars
or mobile telephones. The core of all such systems are tiny GPS-receiver modules, that exist in at least
three different chip sets (SiRF star I, MTK, and u-blax) from different manufacturers. For flying robot
experiments, such modules provide valuable location information: but most commercially available
sensor solutions are by far too heavy for lightweight flight experiments. Here we are investigating in
designing and building miniaturized versions of GPS modules.

Tasks:

In this practical, the students will evaluate existing GPS systems (such as USB-connected GPS-mice)
and record performance and accuracy (as baseline for later comparisons). In the next step, the
students shail design circuit boards with miniature antennae and several commercially available GPS
chips. These size of such chips is abeut 10x10mm, so the final circuit board should not be much
larger. Several different existing antennae and chip modules will be designed, produced (PCB-mill and
miniature SMD soldering!)} and compared in terms of performance against each other and against the
commercial baseline.

o study performance of existing GPS solution

o evaluate modules and antennae [ receiver circuits

¢ design and implement miniature versions of GPS receiver (includes miniature SMD soldering!}
& program basic software (or use existing tools) for performance evaluation

This practical requires some hands-on experience with electrenic components, and soldering.

Supervisor:  lorg Conradt

6%\}@6&—
(J. Conradt)
Univ.-Professor



4 CONTENTS
Contents
1 Introduction 7
1.1 History of GPS -7
1.2 Why GPS? 8
1.3 Principles of GPS 9
1.4 Perspective 10
1.5 Flying Saucer 10
2 Norms 13
2.1 Frames - NMEA 0183 13
2.1.1 NMEA 13
2.1.2 Input frames 14
2.1.3 Output frames 15
2.2 Projection - WGS 84 16
2.2.1 Reference ellipsoid 16
2.2.2 Models 17
2.2.3 UTM - Mercator 17
3 Software 21
3.1 Choice steps 21
3.1.1 Serial communication 21
3.1.2 HyperTerminal 22
3.1.3 Excel macros 23
3.1.4 LabVIEW 24
3.2 Final solution 24
3.2.1 VB.NET 24
3.2.2 Functions & screenshots 25
3.3 Data processing 25
3.3.1 Document transformation and organization 25
3.3.2 Coordinates change 27
3.3.3 DGPS 29
3.3.4 Satellite detection 29
3.3.5 Curves 29
4 Hardware 31
4.1 Reference 31
4.2 D2523T 32
4.3 SUP500F 33
4.4  Self-built GPS receivers 34




441 EB-230 34
442 ET-318 35
443 MT-662 35
444 LEAS 36
4.5 Amplifiers 37
451 RF2373 37
4.5.2 SMA-661 38
4.5.3 BGA-428 38
4.6 Antenna 38
4.7 Soldering 39
4.8 Table 41
5 Tests 43
5.1 Principle 43
5.1.1 Normal mode 43
5.1.2 DGPS mode 43
5.2 Results 43
5.2.1 Electrical analysis 43
5.2.2 Data analysis 45
5.3 Conclusion 49
6 Summary ol
Appendix 53
List of figures 61
Bibliography 63




INTRODUCTION
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1 Introduction

1.1 History of GPS

Throughout the century, mankind has been tryingigore out a dependable way to know
once location and to find the suitable path foreodestination. People first navigated only by
means of landmarks - mountains, trees, or leavids tof stones. For travelling across the
ocean a process called dead reckoning, which usedgnetic compass and required the
calculation of how fast the ship was going, wasliadp It was a very complicated process
and inaccurate. Celestial navigation was our pynraeans of navigation for hundreds of
years. But its degree of precision was limited. $agtant was developed during this time but
since it only measured latitude, a timepiece was alvented so that the longitude could also
be calculated.

The ground-based radio navigation systems weredrearly 1940s developed. Some are still
in use today. An example of such a system is LOREdg Range Navigation is using low
frequency radiotransmitters that uses multiplegnaitters (multilateration) to determine the
location and speed of the receiver. It is basetherprinciple of the time difference between
the receipt of signals from a pair of radio trartsens. LORAN could neither be used over the
ocean nor applied to aviation. The accuracy of |ystems could be affected by geography
as well. In the 1970s, the ground-based Omega MHtaoiy System, based on phase
comparison of signal transmission from pairs ofistes, became the first worldwide radio
navigation system. However, limitations of thesstagns drove the need for a more universal
navigation solution with greater accuracy.

Figure 1.1: GPS constellation



8 INTRODUCTION

The first satellite navigation system, Transit, did®y the United States Navy, was first

successfully tested in 1960. Transit's operatios based on the Doppler effect: the satellites
travelled on well-known paths and broadcast thgmads on a well known frequency. It used

a constellation of five satellites and could preval navigational fix approximately once per

hour.

Recognizing the importance of GPS to civilian usenell as military uses, U.S. President
Bill Clinton issued in 1996 a policy directivaeclaring GPS to be a dual-use system and
establishing an Interagency GPS Executive Boardanage it as a national asset.

1.2 Why GPS?

In the 1860s, the first prototype of gyroscompassas created. The first functional marine
gyrocompass was patented in 1908 by German invettomann Anscitz Kampfe. Itis a

device for measuring or maintaining orientationsdzh on the principles of conservation of
angular momentum. Due to higher precision, gyrossae also used to maintain direction in
tunnel mining. However, for long duration accuraitye gyroscopes are not stable.

Figure 1.2: Gyroscope

There is also the Inertial Navigation System (IN8)is a navigation aid that uses an
accelerometer to continuously calculate via deatkaieing the position, orientation, and
velocity (direction and speed of movement) of a mgwbject without the need for external
references. Other terms used to refer to ineraalgation systems or closely related devices
include inertial guidance system, inertial refeeptatform, and many other variations.

An accelerometer alone is unsuitable to determh@nges in altitude over distances where
the vertical decrease of gravity is significantisas for aircraft and rockets. In the presence
of a gravitational gradient, the calibration anted@&duction process is numerically unstable.
Though, satellite navigation systems can providgh hirequency signals allowing high
accuracy, as well as a global access becausettiitassare so high up that remaining within
the line of sight of the satellites is easy. Itsaswwement are accurate global and stable for
long periods of times.



1.3 Principles of GPS

GPS receivers passively receive satellite signia¢s; do not transmit.
There are at least 24 operational GPS satelliteitirgg with a period of 12 hours around the
earth. Their orbits are precisely tracked by grostadions to precisely localize them.

Each GPS satellite transmits data that indicateslotation and the current time. They
synchronize operations so that these repeatin@isigme transmitted at the same instant. The
signals, moving at the speed of light, arrive aGRS receiver at slightly different times
because some satellites are farther away thansothiee distance to the GPS satellites can be
determined by estimating the amount of time it salae their signals to reach the receiver.

By estimating how far away a satellite is, the re@ealso estimates its location somewhere
on the surface of an imaginary sphere centredeatd#tellite. It then determines the sizes of
several spheres, one for each satellite. Wherettewer estimates the distance to at least four
GPS satellites, it can calculate its position ireéhdimensions. The receiver is located where
these spheres intersect.

The GPS system provides very accurate timing aglfncy signals. GPS operations depend
on a very accurate time reference, which is pralidg atomic clocks at the U.S. Naval
Observatory. Each GPS satellite has three or foboard caesium or rubidium atomic clocks.
The four relative times are mathematically transied into three absolute distance
coordinates and one absolute time coordinate. Tihe ts accurate to within about 50
nanoseconds. To ensure accurate measurementseGéters require an unobstructed view
of the sky. So they are used only outdoors and dffieyn do not perform well within forested
areas or near tall buildings.
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Figure 1.3: Functioning principle of GPS
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1.4 Per spective

Performances of GPS are still assigned with eifbe augmentation of a global navigation

satellite system (GNSS) is a method of improving tlavigation system's attributes, such as
accuracy, reliability, and availability, throughetintegration of external information into the

calculation process. There are many such systermptage and they are generally named or
described based on how the GNSS sensor receivesxtamal information. Some systems

transmit additional information about sources abei(such as clock drift, ephemeris, or

ionospheric delay), others provide direct measurgsnaf how much the signal was off in the

past, while a third group provide additional vebidhformation to be integrated in the

calculation process.

The Wide Area Augmentation System (WAAS) is anrawrigation aid developed by the
Federal Aviation Administration (FAA) and the Defmaent of Transportation (DOT) for use
in precision flight approaches eventually civiliamiation. Currently, GPS alone does not
meet the FAA's navigation requirements for accurantegrity, and availability. WAAS
corrects for GPS signal errors caused by ionospltisturbances, timing, and satellite orbit
errors, and it provides vital integrity informatioagarding the health of each GPS satellite.
WAAS is essentially intended to enable aircraftredy on GPS for all phases of flight,
including precision approaches to any airport witlté coverage area.

The European Union and European Space Agency unsmtlon March 2002 their own
alternative to GPS, called the Galileo positionsiygtem. At a cost of about GBP 2.4 billion,
the system is scheduled to be working from 2012e Tinst experimental satellite was
launched on 28 December 2005. Galileo is expeddaetcompatible with the modernized
GPS system. The receivers will be able to combiresignals from both Galileo and GPS
satellites to greatly increase the accuracy.

1.5 Flying Saucer

The Micro R/C 4-Channel Flying Saucer incorporateshnology in a small package not
much larger than an outstretched palm. With 4-gterge the Micro Flying Saucer would be

hard to keep balanced in the air, however this |prabis solved by the built in solid-state

accelerometer. Similar to the technology in theoifth and Nintendo Wii controller, the

accelerometer senses tilt on two axes and adjbstpdower of each propeller to keep the
Flying Saucer rock solid in the sky.

Figure 1.4: Flying Saucer
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The small R/C flying vehicle is very sophisticatdtl.is neither built with trim dials nor
buttons to adjust. The remote needs simply to b&epaycled before the flight and the
Flying Saucer auto trims itself using the acceleetanas a reference. Four-channel control
allows a forward, reverse, left or right movemepits rotation in place, and up and down
flight.

A network of Flying Saucer is preferably localissbthe problem is that its load of charge is
very limited, so we need to find a very light natign system for this intended purpose
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2 Norms

2.1 Frames- NMEA 0183

2.1.1 NMEA

NMEA 0183 is a combined electrical and data speatibn for communication between
marine electronic devices such as echo sounderarscememometer (wind speed and
direction), gyrocompass, autopilot, GPS receiveid many other types of instruments. It has
been defined by, and is controlled by, the U.Setddational Marine Electronics Association.

The NMEA 0183 standard uses a simple ASCII, sex@ahmunications protocol that defines
how data is transmitted in a "sentence" from orék&r" to multiple "listeners" at a time.
Through the use of intermediate expanders, a talkarhave a unidirectional conversation
with a nearly unlimited number of listeners, anthganultiplexers, multiple sensors can talk
to a single computer port.

At the application layer, the standard also defthescontents of each sentence (message) type
so that all listeners can parse messages accurately

NMEA 2000 (IEC 61162-3) can be considered a suctdssthe NMEA 0183 (IEC 61162-1)
serial data bus standard. It has a significantbhér data rate (250k bits/second vs. 4800
bits/second for NMEA 0183). It uses a compact hinaessage format as opposed to the
ASCII serial communications protocol used by NMEA8GB. Another improvement is that
NMEA 2000 supports a disciplined multiple-talkerultiple-listener data network whereas
NMEA 0183 requires a single-talker, multiple-listen(simplex) serial communications
protocol.

Most GPS manufacturers include special messagaddition to the standard NMEA set in
their products for maintenance and diagnostics gaep. These extended messages are not
standardized at all and are normally different fneendor to vendor.

However, there are some standard rules in framlgsisa

. Each message's starting character is a dollar sign.

. The next five characters identify the talker (twwaracters) and the type of message
(three characters).

. All data fields that follow are comma-delimited.

. Where data is unavailable, the corresponding fiedohtainsNUL bytes (e.g., in
"123,,456", the second field's data is unavailable)
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. The first character that immediately follows thstldata field character is an asterisk.
. The asterisk is immediately followed by a two-digfiecksum representing a hex
number. The checksum is the exclusive OR of allradtars between tteand*.

According to the official specification, the cheaks is optional for most data sentences,
but is compulsory for RMA, RMB, and RMC (among af)e
. <CR><LF> ends the message.

National Marine
Electronics Association

Figure 2.1: NMEA logo

2.1.2 Input frames
Input frames are specific command data used tagumef the GPS chip.

They are listed below:

M essage Name Description
10C SetSerialPor Set PORT A parameters and prott
101 Navigationnitializatior Parameters required for start using X/1.
Input coordinates must be WGS84.1
10z SetDGPSPo Set PORT B parameters for DGPS ir
103 Query/Rate Control Query standard NMEA messagkor set
output rate
104 LLANavigationlInitialization Parameters required start using
Lat/Lon/Alt2
105 Development Data On/Off Development Data messamn/Off
106 Select Datum Selection of datum used for coatdi
transformations
107 Proprietary Extended Ephemeris Proprietary aggss
108 Proprietary Extended Ephemeris Proprietary aggss
110 Extended Ephemeris Debug Extended EphemerisdDeb
20C Marketing Software Selection of Marketing Softwal
Configuration Configurations
MSK MSK Receiver Interfac Command message to a MSK re-beacor
receiver

The relevant frame for our tests is Query/Rate f@bhd be adaptable to every chip.
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This command is used to control the output of stethdNMEA messages GGA, GLL, GSA,
GSV, RMC, and VTG. It also controls the ZDA messagsoftware that supports it. Using
this command message, standard NMEA messages mpgilbd once, or setup for periodic
output. Checksums may also be enabled or disaldpdndling on the needs of the receiving
program. NMEA message settings are saved in babeeiked memory for each entry when
the message is accepted.

An example to query the GGA message with checksuabled would be:
$PSRF103,00,01,00,01*25
The input values are:

Name Example Description
Message ID $PSRF103 PSRF103 protocol header
Msg 00 Message to control. See Table 2-9
Mode 01 0 = Set Rate, 1 = Query one ti
Rate 00 Output Rate, 0 = Off, — 255 = seconds betwe!
messages
CksumEnabl | 01 0 = Disable Checksum, 1 = Enable check
Chechsum *25
<CR><LF> End of message termination

2.1.3 Output frames
Output frames are the data lines that the GPSsshnids via the serial port.

They are listed below:

M essage Description
GGA Time, position and fix type de
GLL Latitude, longitude, UTC time of position fibnd status
GSA GPS receiver operating mode, satellites uséukiposition solution, and DOP

values

GSV Number of GPS satellites in view satellite liDmbers, elevation, azimuth, &
SNR values

MSS Signal-to-noise ratio, signal strength, freqyeand bit rate from a radio-beacan
receiver

RMC Time, date, position, course and speed data
VTG Course and speed information relative to treigd
ZDA PPS timing message (synchronized to

Depending on the content, we made the choice o$erwing 4 particular frames which are
GGA, GSA, GSV and RMC in order to collect all red@t information.
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* GGA - Global Positioning System Fixed Data
* GSA - GNSSDOP and Active Satellites
* GSV - GNSSSatellitesin View

* RMC - Recommended Minimum Specific GNSS Data
2.2 Projection - WGS 84

2.2.1 Referencedlipsoid

In geodesy, aeference ellipsoid is a mathematically-defined surface that approk@sa
the geoid, the truer figure of the Earth, or otipdanetary body. Because of their relative
simplicity, reference ellipsoids are used as a qurefl surface on which geodetic
network computations are performed and point coatdis such as latitude, longitude,
and elevation are defined.

A primary use of reference ellipsoids is to serns a basis for a coordinate system
of latitude (north/south), longitude (east/westhd @levation (height). For this purpose it is
necessary to identify zero meridian, which for Earth is usually the Prime Meridianresher
bodies a fixed surface feature is usually referdneeéhich for Mars is the meridian passing
through the crater Airy-0. It is possible for maghjferent coordinate systems to be defined
upon the same reference ellipsoid.

The longitude measures the rotational angle betwhenzero meridian and the measured
point. By convention for the Earth, Moon, and Stisiexpressed as degrees ranging from
—-180° to +180° For other bodies a range of 0° ©°36 used.

The latitude measures how close to the poles oateqa point is along a meridian, and is
represented as angle fron®0° to +90°, where 0° is the equator. The commigeodetic
latitude is the angle between the equatorial plane andiethat is normal to the reference
ellipsoid. Depending on the flattening, it may biglgly different from thegeocentric
(geographic) latitude, which is the angle between the equatorial plam# @ line from the
center of the ellipsoid. For non-Earth bodies #nsplanetographic andplanetocentric are
used instead.

Currently the most common reference ellipsoid uaed, that used in the context of the Global
Positioning System, is WGS 84.

Traditional reference ellipsoids geodetic datums are defined regionally and therefore non-
geocentric, e.g., ED50. Modern geodetic datumseatablished with the aid of GPS and will
therefore be geocentric, e.g., WGS 84.

The following table lists some of the most commbipsoids:
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Name Equatorial axis(m) | Polar axis (m) Inverseflattening,lff
Clarke 186 6 378 206. 6 356 583. 294.978 698
Besel 184 6 377 397.15 6 356 078.96 | 299.152 843
International 1924 6 378 388 6 356 911.9 296.99D136
Krasovsky 1940 6 378 245 6 356 863 298.299 738 1
GRS 1980 6 378 137 6 356 752.314198.257 222 101
WGS 1984 6 378 137 6 356 752.314298.257 223 563
Sphere (6371 km) 6 371 000 6 371000 | =<
2.2.2 Modes

The World Geodetic System is a standard for usmitography, geodesy, and navigation. It
comprises a standard coordinate frame for the Eartstandard spheroidal reference surface
(thedatum or reference €llipsoid) for raw altitude data, and a gravitational eqténdial
surface (theyeoid) that defines theominal sea level.

The latest revision i9/GS 84 (dating from 1984 and last revised in 2004), whigh be valid

up to about 2010. Earlier schemes inclu#e@S 72, WGS 66, andWGS 60. WGS 84 is the
reference coordinate system used by the Globati®aisig System.

The coordinate origin of WGS 84 is meant to be tedat the Earth's center of mass; the error
is believed to be less than 2 cm.

In WGS 84, the meridian of zero longitude is thRE&EReference Meridian. It lies 5.31 arc
seconds east of the Greenwich Prime Meridian, wltietresponds to 102.5 metres (336.3
feet) at the latitude of the Royal Observatory.

As of the latest revision, the WGS 84 datum surface pole-flattenedoplate) spheroid, with
major fransverse) radiusa = 6,378,137 m at the equator, and minanjugate) radiusb =
6,356,752.314 245 m at the poles (a flatteninglo884 685 755 km, or 1/298.257 223 563
0.335% in relative terms). ThHeparameter is often rounded to 6,356,752.3 m irctjoa
applications.

Presently WGS 84 uses the 1996 Earth Gravitatidtwalel (EGM96) geoid, revised in 2004.
This geoid defines the nominal sea level surfacenkgns of a spherical harmonics series of
degree 360 (which provides about 100 km horizomésolution). The deviations of the
EGM96 geoid from the WGS 84 reference ellipsoidgeafrom about -105 m to about +85 m.
EGM96 differs from the original WGS 84 geoid, reést to as EGM84.

2.2.3 UTM - Mercator

TheUniversal Transverse Mercator (UTM) coordinate systemis a grid-based method of
specifying locations on the surface of the Earthttls a practical application of a 2-
dimensional Cartesian coordinate system. It isra&botal position representation, i.e. it is
used to identify locations on the earth indepergesftvertical position, but differs from the
traditional method of latitude and longitude in seal respects.
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The UTM system is not a single map projection. $hstem instead employs a series of sixty
zones, each of which is based on a specificallinddfsecant transverse Mercator projection.

TheMercator projection is a cylindrical map projection presented by thenitsh geographer
and cartographer Gerardus Mercator, in 1569. ltaimec the standard map projection for
nautical purposes because of its ability to reprebees of constant course, known as rhumb
lines or loxodromes, as straight segments. Whielithear scale is constant in all directions
around any point, thus preserving the angles amdghlapes of small objects (which makes the
projection conformal), the Mercator projection dit$ the size and shape of large objects, as
the scale increases from the Equator to the peleste it becomes infinite.

Mathematically, a reference ellipsoid is usuallyodate (flattened) spheroid with two
different axes: An equatorial radius (the semi-majisi), and a polar radius (the semi-

minor axish). More rarely, a scalene ellipsoid with three aftaaxial—%z1 @y b) is

used, usually for modeling the smaller, irregulatiyaped moons and asteroids. The polar axis
here is the same as the axis with the great moaienértia and is approximately aligned with
the rotational axis ( not the magnetic nor orhp@le). The geometric center of the ellipsoid is
placed at the center of mass of the body being taddand not the barycenter in a multi-body
system.

In working with elliptic geometry, several paranrstare commonly utilized, all of which are
trigonometric functions of an ellipsedagular eccentricity, &:

a—~b
a+b

Due to rotational forces, the equatorial radiusssally larger than the polar radius. This

ellipticity or flattening, f determines how close to a true sphere an olduersid is, and is
defined as
a—b

, (2
f = ver(a) = 2sin’ (E) =1—cos(x) = :
1
For Earthfis around 1/300, and is very gradually decreasireg geologic time scales. For
comparison, Earth's Moon is even less ellipticéh\a flattening of less than 1/825, while
Jupiter is visibly oblate at about 1/15 and on&atiurn's triaxial moons, Telesto, is nearly 1/3
to 1/2.
Such flattening is related to the eccentricitypf the cross-sectional ellipse by
2 2
a* — b*

2 f « 2
e = f(g — f) = 51n (II) = T
It is traditional when defining a reference elligbto specify the semi-major equatorial radius

b
& = arccos | — | = 2arctan
i1

a(usually in meters) and the inverse of the flangniatiolff. The semi-minor polar radius
is then easily derived.
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3 Software

3.1 Choice steps

3.1.1 Serial communication

Serial communication is a popular means of trartsigitdata between a computer and a
peripheral device such as a programmable instruroenéven another computer. Serial
communication uses a transmitter to send datapiret a time, over a single communication
line to a receiver. You can use this method wheta dansfer rates are low or you must
transfer data over long distances. Serial commtinitas popular because most computers
have one or more serial ports, so no extra hardisareeded other than a cable to connect the
instrument to the computer or two computers togethe

Serial communication requires that you specifyftiewing four parameters:

«  The baud rate of the transmission

«  The number of data bits encoding a character

«  The sense of the optional parity bit

«  The number of stop bits
Each transmitted character is packaged in a clearfteime that consists of a single start bit
followed by the data bits, the optional parity lamd the stop bit or bits.

Idle Start Data Parity  Stop Il
Bit Bits Bit Bits

Space
Mark

L

Bit Time

T
Character Frame
Figure 3.1: Typical character frame encoding thieien

Baud rate is a measure of how fast data are mobetgeen instruments that use serial
communication. RS-232 uses only two voltage statabed MARK and SPACE. In such a
two-state coding scheme, the baud rate is identiwathe maximum number of bits of
information, including control bits, that are tramged per second.
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The output signal level usually swings between ¥i#hd -12 V. The dead area between +3 V
and -3 V is designed to absorb line noise.

A start bit signals the beginning of each charafteme. It is a transition from negative
(MARK) to positive (SPACE) voltage. Its duration geconds is the reciprocal of the baud
rate. If the instrument is transmitting at 9,60@dhathe duration of the start bit and each
subsequent bit is about 0.104 ms. The entire ctardcame of eleven bits would be
transmitted in about 1.146 ms.

Data bits are transmitted upside down and backwdrst is, inverted logic is used, and the
order of transmission is from least significant @&iSB) to most significant bit (MSB). To
interpret the data bits in a character frame, yastmead from right to left and read 1 for
negative voltage and O for positive voltage. Thislds 1101101 (binary) or 6D (hex). An
ASCII conversion table shows that this is the fette

An optional parity bit follows the data bits in tiebaracter frame. The parity bit, if present,
also follows inverted logic, 1 for negative voltagad O for positive voltage. This bit is
included as a simple means of error handling. fmcegy ahead of time whether the parity of
the transmission is to be even or odd. If the pasithosen to be odd, the transmitter then sets
the parity bit in such a way as to make an odd remab ones among the data bits and the
parity bit. This transmission uses odd parity. Ehare five ones among the data bits, already
an odd number, so the parity bit is set to 0.

The last part of a character frame consists of.3, dr 2 stop bits. These bits are always
represented by a negative voltage. If no furtheratters are transmitted, the line stays in the
negative (MARK) condition. The transmission of thext character frame, if any, is heralded

by a start bit of positive (SPACE) voltage.

3.1.2 HyperTerminal

HyperACCESS was the first software product fromgkieve Comapny, and it was initially
designed to let 8-bit Heath computers communica& a modem. In 1985 this same product
was ported to IBM PCs and compatible systems, dkageHeath/Zenith's Z-100 non PC-
compatible MS-DOS computer. Over the years the samson of this technology would be
ported to other operating systems including OS/Bydévs 95 and Windows NT. It has
earned a total of five Editor's Choice awards fié@1Magazine.

In 1995 Hilgraeve licensed a low-end version of &WWCCESS, known
asHyper Terminal (essentially a "Lite" version) to Microsoft for aisin their set of
communications utilities. It was initially bundlesith Windows 95, and subsequently all
versions of Windows up to and including Windows X¥indows Vista and Windows 7 do
not include HyperTerminal, though the commerciadduct HyperTerminal Private Edition
(latest version being 7.0) does support Vista. HKQEESS will release version 9.0 in early
2010 - this will support Vista and 7 and have S8htfionality.

Hyperterminal is a simple way to establish a cotinacwith a virtual serial port such as
detected when the modules are connected with USBIlldws read and write, serial port
parameters including mainly the baud rate configoina The received data can simply scroll
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over the monitor if the port is well configured aalll needed drivers are installed. So, it is a
reliable method to test the readiness of our madWMée can also manage to save these results
in real time in a text file in order to process it.

3.1.3 Excel macros

Microsoft Office Excel is a spreadsheet application written and distedut
by Microsoft for Microsoft Windows and Mac OS X. Iteatures calculation, graphing
tools, pivot tables and a macro programming languaglled VBA (Visual Basic for
Applications). It has been a very widely appliedesgisheet for these platforms, especially
since version 5 in 1993. Excel forms part of MiafsOffice. The current versions are
Microsoft Office Excel 2010 for Windows and 2008 fdac.

The Windows version of Excel supports programmimgugh Microsoft's Visual Basic for
Applications (VBA), which is a subset of Visual BasProgramming with VBA allows
spreadsheet manipulation that is impossible witlandard spreadsheet techniques.
Programmers may write code directly using the Migasic Editor (VBE) accessed using the
Visual Basic icon on the Developer Tab. Clickingittlcon opens a window to the Visual
Basic editing environment, which includes a windéw writing code and a sophisticated
debugging and code module organization environniérg. user can implement virtually any
numerical method in VBA and guide the calculati®ing any desired intermediate results
reported back to the spreadsheet.

VBA code interacts with the spreadsheet throughQibhject Model, a vocabulary identifying
spreadsheet objects, and a set of supplied fursctiomethods that enable reading and writing
to the spreadsheet and interaction with its uséos éxample, through custom toolbars
or command bars andmessage boxes). User-created VBA subroutines execute these r@tio
and operate like macros generated using the maarorder, but are more flexible and
efficient.

In order to establish a serial connection with Exea additional tool must be installed in
Windows latest than XP which is MSCOMM. This feat@nables the use a new tool in the
control panel to open a serial port, but only ontha time. Then, the received data are saved
in a buffer and transmitted in order to the she&irans depending on the tabulator.
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Figure 3.2: VBA interface
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3.14 LabVIEW

LabVIEW (short for Laboratory Virtual Instrumentati Engineering Workbench) is a
platftorm and development environment for a visuedgpamming language from National
Instruments. The graphical language is named "Gtigiqally released for theApple
Macintosh in 1986, LabVIEW is commonly used foradatcquisition, instrument control,
and industrial automation on a variety of platformsluding Microsoft Windows, various
flavors of UNIX, Linux, and Mac OS X. The latestrsion of LabVIEW is version LabVIEW
2009, released in August 2009.

LabVIEW Tool for serial communication is VISA. TMISA Write and VISA Read functions
work with any type of instrument communication ard the same whether doing GPIB or
serial communication. However, because serial conmcation requires to configure extra
parameters start the serial port communication thighVISA Configure Serial Port VI.

The VISA Configure Serial Port VI initializes then identified by VISA resource name to
the specified settings. timeout sets the timeoluevéor the serial communication. baud

rate, data bits, parity, and flow control speciigde specific serial port parameters. The error
in and error out clusters maintain the error cooads for this VI.

YISA resoUrce name write buffer byte caunt read buffer
4 ASRLZ:INSTR || o] o0 =)
baud rate (96007 [asoo} | Y154 Configure Sirmple Err
Serial Part WISA Write VIS4 Read Y154 Close Handler .«
data bits (5 TREA 1R5A REA ]
I: :I B SERIRL --abc_\: _abG\J ,-ia\‘\
parity (:none) |eodd ~ |- [Baums ko d=TH B c A

skop bits (10: 1 bit) [[UiEH
Figure 3.3: LabVIEW Graphic Programming

Flowy control {0:none)

3.2 Final solution

3.2.1 VB.NET

Visual Basic .NET (VB.NET) is an object-oriented computer programming lagguat can
be viewed as an evolution of Microsoft's Visual B4¥B) which is generally implemented
on the Microsoft .NET Framework. Microsoft currgntsupplies Visual Basic Express
Edition free of charge.

In 2007, Microsoft planned to use the Dynamic Laggi Runtime (DLR) for the upcoming
Visual Basic 10 (2010), formerly known as VBx. Howee Microsoft shifted to a co-
evolution strategy between Visual Basic and sisteguage C# to bring both languages into
closer parity with one another. Visual Basic's tenability to interact dynamically with CLR
and COM objects has been enhanced to work with Bym#anguages built on the DLR such
as IronPython and IronRuby. The Visual Basic coerpilwas improved to infer line
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continuation in a set of common contexts in thissian, lifting in many cases the requirement
for the " " line continuation character. Also imrgion 10.0 existing support of inline
Functions was complemented with support for inlBwbs as well as multi-line versions of
both Sub and Function lambdas.

VB.NET appears nowadays to be a universal programmainguage adaptable in compiling to
any other structure and giving many possibilities development. As far as serial
communication is concerned, it supports thanks tdtinobject programming the use of
simultaneous serial ports.

3.2.2 Functions& screenshots

The designed interface and functions are inspiredh fHyperTerminal working process.
However, sending frames to the GPS chips in omeonfigure them is much more easier and
reliable. Then, data export is also allowed in féatformat. Choosing standard baud rates and
selecting the communication port from a list ofiaztnes is accordingly available as well as
all required configuration. See Appendix for therse code.

Serial Port Communication Optians

Paort

Baud Rate

Parity

Stop Bits

Data Bits
v

tode
) Hex

O Test

[ Cloze Port ] [ Open Port

Figure 3.4: VB.NET Program Interface

3.3 Data processing

3.3.1 Document transformation and organization

The role of the software is limited to exportingaav text file for every GPS chip containing
different sorts of output frames (see 2.1.3).

It is important to notice that all modules wereviwasly configured to only send the required
frame types. So, we reduce the amount of uselgssagathe global quantity is quite big: 6
lines, of about 40 characters, each every 1 second.

The first step is to open the document with exoel ehoosing the comma “,” as tabulator (or
separator) to have the frames organized in celis.necessary not to consider a sequence of
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commas as only one so that only one field is calnie fact, some parts of a frame may be
hidden as proof of error detection or signal probler invalidity, these phenomena must be
taken into consideration in our analysis.

When opened with excel, the text document is aedrig one sheet. We should first fix the
start time (when all modules where connected arid dant being saved by the program).
Then the effective departure time (when first vadiflame detected).

After that, we can apply a filter to sort the fresrend place every single type in a sheet with
naming the fields (columns) corresponding to tlaemie parts. Here are the partitions of the
chosen frames explained with examples.

* GGA $GPGGA,002153.000,3342.6618,N,11751.3858,W,1,1221.@,M,-34.2,M,,0000*5E

Name Example Unit Description
Message Il $GPGG/ GGA protocol head
UTC Time 002153.00 hhmmss.s:¢
Latitude 3342.6618 ddmm.mmmm
N/S Indicator N N=north or S=south
Longitude 11751.3858 dddmm.mmmm
E/W Indicator W E=east or W=west
Position Fix Indicatc | 1
Satellites Use 1C Range O to 1
HDOP 1.2 Horizontal Dilution of Precision
MSL Altitude 27.0 Meters
Units M Meters
Geoid Separation -34.2 meters Geoid-to-ellipsomhsation. Ellipsoid altitude
= MSL Altitude + Geoid Separation.
Units M Meters
Age of Diff. Corr Se( Null fields when DGPS is not us
Diff. Ref. Station IL | 000(
Checksur *5E
<CR> <LF> End of message termination
« GSA 3$GPGSAA,_3,07,02,26,27,09,04,15,,,,,,1.8,19033
Name Example Unit Description
Message Il $GPGS/ GSA protocol head
Mode 1 A
Mode 2 3
Satellite Usedl | 07 SV on Channel 1
Satellite Usedl | 02 SV on Channel 2
Satellite Used 1 SV on Channel 1
PDOF 1.8 Position Dilution of Precisic
HDOP 1.0 Horizontal Dilution of Precision
VDOP 15 Vertical Dilution of Precision
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Checksum *33
<CR> <LF> End of message termination

« GSV $GPGSV,2,2,07,09,23,313,42,04,19,159,41,15,12,04414

Name Example Unit Description
Message ID $GPGSV GSV protocol header
Number of 2 Total number of GSV messages to
Messages sent in this group
Message Numb 1 Message number in this group

GSV messages

Satellites in Viev 07

Satellite IC 07 Channel 1 (Range 1 to !

Elevation 79 degrees Channel 1 (Maximum 90)
Azimuth 048 degree§ Channel 1 (True, Range 0O tp 359
SNR (C/NO) 42 dBHz Range 0 to 99, null when natknag
Satellite ID 27 Channel 4 (Range 1 to !

Elevatior 27 degree | Channel 4 (Maximum 9

Azimuth 138 degree§ Channel 4 (True, Range 0 tp 359
SNR (C/NO) 42 dBHz Range 0 to 99, null when natknag
Checksum *71

<CR> <LF> End of message termination

* RMC $GPRMC,161229.487,A,3723.2475,N,12158.3416,W,00B862,120598, ,*10

Name Example Unit Description
Message ID $GPRMC RMC protocol header
UTC Time 161229.487 hhmmss.sss
Statusl A A=data valid or V=data not valig
Latitude 3723.247. ddmm.mmmr
N/S Incicatol N N=north or S=soul
Longitude 12158.341 dddmm.mmmr
E/W Indicator W E=east or W=west
Speed Over Ground 0.13 knots
Course Over Ground| 309.62 degrees True
Date 120598 Ddmmyy
Magnetic Variatio degree E=east or W=we

3.3.2 Coordinates change

The normal cylindrical projections are describedeillation to a cylinder tangential at the
equator with axis along the polar axis of the sph&he cylindrical projections are constructed
so that all points on a meridian are projecteddiofs withx = aA andy a prescribed function
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of ¢. For a tangent Normal Mercator projection the quie) formulae which guarantee
conformality are:

T O a 1 +sing
rmat Y “{a“(4+2)} 2“[1_sin¢]

Conformality implies that the point scale,is independent of direction: it is a function of
latitude only:

k(o) = seco.

For the secant version of the projection therefector ofky on the right hand side of all these
equations: this ensures that the scale is equgldo the equator.

The position of an arbitrary poinp,i.) on the standard graticule can also be identified
terms of angles on the rotated graticgle(angle M'CP) is an effective latitude and(angle
M'CO) becomes an effective longitude. (The mings $ necessary so that,}") are related
to the rotated graticule in the same way thpet)(are related to the standard graticule). The
CartesianX,y’) axes are related to the rotated graticule irsttrae way that the axesy axes
are related to the standard graticule.

The tangent Transverse Mercator projectioimdsfthe coordinates'fy’) in terms of '
ande' by the transformation formulae of the tangentriNarMercator projection:

= —aX Yy = Eln [

1 + sing@’
5 — .

1 —sin g’

This transformation projects the central meridia@a straight line of finite length and at the
same time projects the great circles through EVEr(@hich include the equator) to infinite
straight lines perpendicular to the central meridiehe true parallels and meridians (other
than equator and central meridian) have no singdgion to the rotated graticule and they
project to complicated curves.

The direct formulae giving the Cartesian coordiadtgy) follow immediately from the above.
Settingx =y andy = — X' (and restoring factors & to accommodate secant versions)

(A @) = %koa. In [

y(A, ¢) = kpa arctan [sec A tan ¢,

1+ sin/\casqﬁ]

1 — sin Acosg

The above expressions are given in Lambert and(aisloout derivations).

After having this transformation, we should fix @mgin to work properly in a Cartesian
reference. The chosen one is the statute in friotfitecAudimax in TUM.
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All these operations are made automatically thaoks excel document (see screenshot in
appendix) with the required formula and an ergomamterface of capture. All steps are
detailed there.

3.3.3 DGPS

Differential Global Positioning System (DGPS) is an enhancement to Global Positioning
System that uses a network of fixed, ground-basddrance stations to broadcast the
difference between the positions indicated by theelste systems and the known fixed
positions. These stations broadcast the differbeteeen the measured satellite pseudoranges
and actual (internally computed) pseudoranges, @ueiver stations may correct their
pseudoranges by the same amount. The correctiorlsig typically broadcast over UHF
radio modem.

Differential GPS is a method to enhance the regulsision. In fact, the idea is to eliminate
the static error resulting from signal variatione\dan notice easily, that the data coming out a
fixed GPS are not constant; however his positiahndit change.

So, when doing our tests, we should always keepeafarence fixed and move with the other
modules. Then, in the data processing we subth@ctoordinates of the reference from the
coordinates of the moving modules as if the synulzedgion was made in real time.

Thus, we obtain new data and a better analysis.

3.3.4 Satedllite detection

It is important to know when the GPS chip changesnfa satellite to another (when
evaluating the signal coming from somewhere elseiter).

NMEA protocol could not unfortunately force the GBt8p to connect with a given satellite.
It can only suggest using a satellite rather theotleer one at the start of the chip.

3.3.5 Curves
Many curves are interesting for the analysis afel/eat to plot.

First we can estimate the reference error by evialmahe variation of Xr(t) and Yr(t) while
moving and in fix position.

The static error is the maximum scale of variation.

Then we will mainly focus on drawing the trajecésriof the other tested modules by plotting
Y=f(X) especially in the DGPS mode.
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4 Hardware

4.1 Reference

Figure 4.1: BLUMAX 4013

Our aim is the comparison of different miniaturiz€&PS chips. Starting with a car GPS
receiver is not really a good launch out for owjgect. So we had to find a relatively small
GPS as reference for the next following steps.

Comparing the GPS mouses available on the marlestried to find a compromise between
price and performance. The range of choice was;widge are many brands, different chips
different prices... After comparing the most impoitt of them, we chose the BLUMAX
Bluetooth GPS-4013 receiver. Its Chipset is MTK MTI8 version v3.01 compatible with the
NMEA command 0183 and able to give, as output; GGSA, GSV and RMC messages.
However for inputs, the chip is only compatible lwithe MTK NMEA packet format
composed of:

Preamble TalkerID PktType DataField * CHK1 CHK2 CR LF
The high-performance 66 channel GPS is able toskd either as AGPS or as DGPS. It only
needs 1s for the Hot Start, 33s for the Warm Stadit36s for the Cold Start.

You may probably ask, what do hot, warm and caddt shean?

During the Hot Sart the GPS receiver remembers its last calculatedtigmosand which
satellites were in view, the almanac used, andUMm€ Time. It then performs a reset and
attempts to acquire satellites and calculate a mmsition based upon the previous
information. This is the quickest re-acquisitionao&PS lock. Though during the Warm Start,
the GPS receiver remembers its last calculatediposialmanac used, and knows the UTC
Time, but not which satellites were in view. It theerforms a reset and attempts to obtain the
satellite signals and calculate a new position. Téeeiver has a general idea of which
satellites to look for because it knows its lassipon and the almanac helps identify which
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satellites are visible in the sky. That is whyakés longer. During the Cold Start, the GPS
receiver dumps all information and resets. It trtempts to locate satellites and then
calculate a GPS lock. This takes the longest bectnese is no known information. The GPS
receiver has to attempt to lock a satellite sigrah all of the satellites, basically like polling,
which takes a lot longer than knowing which satedlito look for.

When a GPS receiver is put into operation for thst fime, it takes too long time to detect a
signal from the GPS satellite. This is not dueh® bad performance of the GPS bought but
the devise needs, during its first switch on, aoloinformation in order to give back a correct
calculated position. The GPS then saves this dadauaes it for the next operation. The data
stills available for a long period. By the nextiaation, the GPS needs only to update the data
and save the new one.

One of the biggest problems we faced in our pragdtow to configure the GPS mouse, how
to set the appropriate frames, accordingly, th&e@sutput messages.
Following the MTK NMEA protocol it only gives theommand

Example: $PMTK314,1,1,1,1,1,5,1,1,1,1,1,1,0,1 % AC<CR><LF>

This command set GLL output frequency to be outpgitbnce every 1 position fix, and RMC
to be outputting once every 1 position fix, andso

Applying this command on our GPS mouse was effestleecause it was not sufficient to
configure the MTK chip.

However, when we tried to configure it using itfi@él program ‘GPSView’, consisting in a
GUI interface, it works, the configuration is pdssl

So the question is: what command is compatible Bittmax 40137

In order to figure this out, we built two USB pqrige connected two pins of each one to the
other; the input pin is connected with the output gnd reciprocally. Then we wired them
with the computer.

Using the program ‘GPSView’, we changed the comfigion of the GPS; we set the desired
output messages. Simultaneous we read the cormspboommand in HyperTerminal.

The result is for example this command
$PMTK314,0,1,0,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0*28

$PMTK414*33

*1E

Now we could set up the GPS mouse and choose fire@fate output messages needed in
the project.

4.2 D2523T

The technology D2523T is a complete GPS smart aatengine board. It includes a built-in
Sarantel’'s GeoHelix high-gain (Omni-directional)wlmoise amplifier, active antenna and
GPS receiver circuits. The engine board is powénedhe high performance 50-channel u-
blox 5 technology. These modules provide good perémce at an economical price. The
receiver is optimized for applications requiringtmiperformance, low power, and low cost,
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thus its position error is less than 2.0m andinte terror is limited to 30ns. To receive a signal
from the GPS satellites, the technology D2523T sawdy 1s for Hot Start and 29s for Cold
Start.

Figure 4.2: D2523T

A massive correlator (over 1 million) signal paraenesearch engine enables rapid search of
all available satellites and acquisition of veryakesignals. Once acquired, satellites are
passed on to a power-optimized dedicated trackngine. This arrangement allows the GPS
and GALILEO engine to simultaneously track up tosiellites while searching for new one.
The D2523T GPS receiver's -160dBm tracking sengptiallows weak signal tracking and
positioning in severe environments such as urbayares and under deep foliage.

The D2523T is compatible with the NMEA protocol, XBinary and gives with the baud rate
9600 bps the output messages GGA, GLL, GSA, GSVCRWITG, TXT.

Its miniature size, makes it suitable to be integgtanto portable devices, such as portable
media players and portable navigation devices.

4.3 SUP500F

SUP500F Flash-based is a low-power high-performa&&eChannel GPS Smart Antenna
Module. It is a compact solution intended for a broad ramgeOriginal Equipment

Manufacturer (OEM) products, where fast and easgtesy integration and minimal
development risk is required.

The SUPS500F GPS receiver's -161dBm tracking seitsitiallows continuous position
coverage in nearly all application environments.high performance search engine is capable
of testing 8,000,000 time-frequency hypotheses g@@ond. The receiver is optimized for
applications requiring high performance, low powend low cost, thus its position error is
less than 2.5m, velocity accuracy about 0.1m/stamel error is limited to 300ns. To receive a
signal from the GPS satellites, it needs only XdHot Start and 29s for Cold Start, both under
open sky condition. SUP500F is compatible with ffMEA-0183 protocol. Having the baud
rate 9600, it gives the output messages GGA, GLBAGGSV, RMC, VTG. Choosing the
correct baud rate is very important to have meduolrigames otherwise it is unreadable.
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Figure 4.3: SUP500F

The receiver, version v3.01 is suitable for a widage of OEM configurations including
mobile phone, PND, asset tracking, and vehiclegsion products.

4.4 Sdlf-built GPSreceivers

4.4.1 EB-230

EB-230 is an ultra miniature 12 x 12 mm2 GPS endinard. It provides high navigation
performance under dynamic conditions in areas litited sky view like urban canyons. The
EB-230 GPS receiver’'s -158dBm tracking sensitiviiyup to detect weak signal operation
without compromising accuracy.

EB-230 is a good choice for embedded applicatitinis. a low-power-consumption module,
able to track up to 51-Channel of satellites. Bus$ chip still requires an antenna and an
amplifier, to work properly.

3V power supply, 50 Ohm output impedance and auffeqy of 1575.42 + 1.032MHz must be
the characteristics of the antenna. To ensure amalpsystem performance, the antenna must
preferably have less or equal to 2.0dB low noigeire and LNA gain between 15dB and
20dB.

Figure 4.4: EB230
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4.4.2 ET-318

ET-318 is a compact, high performance, and low paeasumption GPS engine board. This
GPS receiver -159dBm tracking sensitivity allowmntinuous position coverage in nearly all
application environments. Its version v2.2 is supgd by the NMEA protocol. The module

uses SiRF Star Il chipset which can track up ts2@llites at a time and perform fast TTFF*
in weak signal environments.

For a good reception of the GPS satellite sighas, iecommended to use an antenna with 50
Ohm output impedance, a frequency of 1575.42 + 2ZMih amplifier gain between 18 and
22 dB and a noise figure less than 2.0dB.

851110 -E -
B i

338783

%

Figure 4.5: ET318

443 MT-662

MT-662 is a compact high performance GPS enginedodais a low power consumption
GPS, able to operate between the range of -30°C8&Ad. It uses MTK MT3318 chipset
which can track up to 32 satellites at the same tand perform fast TTFF* in low signal
environments. The chip version v3.01 is supportgthe NMEA 0183 protocol and gives as
default the output GGA, GSA, GSV, RMC, VTG, GLL, ZDHowever, only the MTK
NMEA command is able to configure it.

MT661 is suitable for portable electronic deviceghs as automotive navigation devices,
handheld navigation devices mobile phones and @RS applications. The GPS receiver’s -
158dBm tracking sensitivity is up to detect weagnai operation without compromising
accuracy. Its position accuracy is about 3m anch2uith DGPS.
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Figure 4.6: MT662

444 LEAS

The LEA-5 module series is a family of self-conednGPS and GALILEO receivers featuring
the powerful 50-channel u-blox 5 positioning engifikese modules provide exceptional GPS
performance in a compact form factor and at a mestsle price. U-blox 5 sets a new standard
in GPS receiver technology. A 32-channel acquisigmgine with over 1 million effective
correlators is capable of massive parallel searadwess the time/frequency space. This
enables a TTFF* of less than 1 second, while looigetation, once acquired, satellites are
passed on to a dedicated tracking engine. Thisngeraent allows the GPS engine to
simultaneously track up to 16 satellites while sbarg for new ones.

U-blox 5’s advanced jamming suppression mechanisid @mnovative RF architecture
provides a high level of immunity to jamming, ereagrmaximum GPS performance. U-blox
5 has been designed to be able to support the GAQlkystem currently being developed by
European authorities. The capability of receivilyLB_EO L1 signals will provide increased
coverage and even better positioning accuracy wiisnsystem comes into operation. Their
small size makes LEA-5 modules one of the ideal GBRitions for applications with
stringent space requirements. The packaging malesneive RF cabling obsolete, with the
RF input being available directly on a pin. The L-BAeries are SMT solderable and can be
handled by standard pick and place equipment.

LEA-5 modules come equipped with a serial port, akhcan handle NMEA and UBX
proprietary data formats, as well as a high spe&& \gort. The optional FLASH EPROM
provides the capacity to store user-specific caméion settings as well as future software
updates.
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Figure 4.7: LEA 5

*Time to First Fix TTFF) is the time, a GPS receiver needs, to detecptsition for the first time after lits
activation.

4.5 Amplifiers

4.5.1 RF2373

The RF2373 is a low noise amplifier with a veryhigynamic range designed for WLAN
WIMAX, and digital cellular applications. The deei®perates as an outstanding low noise
amplifier or driver amplifier in the transmit chawf digital subscriber units where low
transmit noise power is a concern.

When used as an LNA, the bias current can be setratly. When used as a PA driver, the
IC can operate directly from a single cell Li-ioattery and includes a power down feature
that can be used to completely turn off the device.

Figure 4.8: LEA 5
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At a frequency of 1575 MHz, the RF2373, operatisgaalow noise GPS amplifier, has a
maximal noise figure of 1.3dB and a gain of 17dBw@1dB. The IC is featured in a standard
SOT 5-lead plastic package and has a low poweryggpd.8V to 6.0V.

4.5.2 SMA-661

The SMAG661 is a low-noise amplifier with integrated matchingtworks and embedded

power-down function. The chip, which requires onhe external input capacitor, drastically
reduces the application bill of materials and ti@BParea, resulting in an ideal solution for
compact and cost-effective GPS LNA. The SMA661ASIng the ST's leading-edge 70GHz
SiGe BICMOS technology, achieves excellent RF perémce at the GPS frequency of
1.575GHz, in terms of power gain(18 dB), noise .15 dB) and linearity with a current

consumption of 8.5mA. The device is unconditionatgble and ESD protected. All these
features are steady over the operating temperegnge of -40°C to +85°C.

It's housed in ultra-miniature SOT666 plastic paekand operates with a power supply of
3.3V.

4.5.3 BGA-428

BGA428is a low noise amplifieideal for GSM, DCS1800, PCS1900 but not really gjzet

for GPS. The BGA428, using the SIEGET®-45 technplogchieves excellent RF
performance at low power supply.

It has in term of noise figure 1.4dB and a gair2@@B at a frequency of 1.8GHz. It's housed
in an ultra-miniature SOT363 plastic package anerafes in a temperature range of -40°C to
+85°C.

-> In order to have an accurate comparison betwesthtiee GPS chips, then our purpose is
to choose the best GPS for the flying robots, weiddel to work with only one amplifier
RF2373.

And though all GPS were compatible with this ametifve chose it.

4.6 Antenna

To work properly these chips must be associateghtefficient antenna. Then the antenna is
the interface between the signal of the GPS stealhd the GPS. Without good antenna the
performance of the GPS chip would be corrupted.

And though, we had to choose between two antennas:

The 922D03E15X11113 is a high performance 1.575G#nd small antenna. It is
implementable in navigation system, aero planeisiegy automotive application, and other
portable communication devices ...
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Figure 4.9: 922D03E15X11113

The GPS antenna comprises a radiating structumauitiple meandered conduction strips,
which are developed on tiny pieces of printed é¢irboard (PCB) and packed with Liquid

Crystal Polymer (LCP) dielectric composite materid achieve size performance

characteristics and cost effectiveness superiorotteer designs. The compact surface
mountable package measures 8.0mm (L) * 2.0mm (\Wbmm (H) in dimensions and is fully

compatible with handmade and reflow attachmentgsses. It is Ultra thin and weights only
0.06g.

The antenna’s favourable electrical specificatiatability and cost effectiveness make it the
first logical choice for a wide variety of appligats in the 1.575GHz GPS and accordingly for
our project.

4.7 Soldering

While soldering, any person handling the ICs shdddyrounded either with a wrist strap or
ESD-protective footwear used in conjunction witlcanductive or static-dissipative floor or

floor mat. The work surface where devices are mlaoe handling, processing, testing, etc
must be made of static-dissipative material andytmeinded to ESD ground. All insulator

materials must either be removed from the work aremust be neutralized with an ionizer.

Static-generating clothing must be covered withEE8D-protective smock. When ICs are
being stored, transferred between operations okstaions, or shipped, they must be kept in
a Faraday shield container with inside surfacesfgses touching the ICs) that are static-
dissipative.

When positioning the antenna on the PCB board, wst pay attention to its polarisation and
the place to mount it in. When a satellite sigmdllects off building and other objects creating
multiple paths to the receiver, results its pokien inverted from right hand circular to left
hand circular. Our GPS antenna Ii&Bptical Polarisation and theAxis Ratio is about 1:3,

therefore, when placing our GPS antenna on theotdhe PCB we should choose the right
hand circular polarisation (RHCP) type, on the pth@nd, when we place it on the bottom,
then we should choose the left hand circular psdaion (LHCP) type. For an optimal result
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the chip antenna 922D03E15X11113 should be moumbedne corner of 0.8mm thick PCB
with 10*17 mm2 empty area and 50 Ohm micro stmg linput.

Having the modules soldered, most of them didn'tkwioom the first switch on, we had to
verify the proper flux of current, check the soldgrpoint wether they are conductive or not
and control the power supply.

To read the data captured by the GPS modules, dé&haonnect them to a computer.

To establish this communication, we built USB medul

Universal Serial Bus (USB) is a set of connectivéfyecifications developed by Intel in
collaboration with industry leaders. USB allowsHhigpeed, easy connection of peripherals to
a PC. When plugged in, everything configures autmally. USB is the most successful
interconnect in the history of personal computing &as migrated into consumer electronics
(CE) and mobile products. The Universal Serial Bystem has an asymmetric design,
consisting of a host, a multitude of downstream UfiBts, and multiple peripheral devices
connected in a tiered-star topology.

The FT232R is the latest device added to FTDI'geanf USB UART interface Integrated
Circuit Devices. The FT232R is a USB to serial UARTerface with optional clock generator
output. It is available in Pb-free (RoOHS compliacmpact 28-Lead SSOP and QFN-32
packages.

In a PCB, we soldered the FT232R device, we adcesmnductors, resistors, and two input
output connectors.

Figure 4.10: USB-connector
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4.8 Table

Blumax 4013 | D2523T SUPS500F MT-662 ET-318 EB-230
Chise MT332¢ UBX-G501( - MT331¢ SiRF star I MTK

L1, 1575.42 CGOF:; L1, UA L1, 1575.42 L1, 1575.42 L1 frequcney,
Frequency MHz GALILEO L1 L1 C/A code MHz MHz C/A code (SPS

C/A code C/A code C/A code

4800
Baud rate (bps) 115200 9600 9600 4800 4800
NMEA 0183

NMEAO183 | NMEA UBX | NMEA-0183 | NMEAO183 2.2 SIRF

Protocol v3.01 binary V3.01 v3.1 binary and NMEA 0183
' ' MTK NNEA NMEA v3.1
command Command
GGA, GLL, GGA GLL GGA, GLL, GGA,GSA,G¢

Output GGA, GSA, GSA, GSV, GSA’ GSV’ GSA, GSV, V,RMC GGA, GLL,
messages GSV, RMC RMC, VTG, RMC’ VTG, RMC, VTG, Support:VTG, | GSA,GSV,
(Default) TXT ' ZDA GLL,ZDA) RMC and VTG
Channel 66 50 65 32 51 20
Sensitivity
*Acquisition -160dBm -146 dBm -146dBm
*Tracking -165 dBm -160dBm -161dBm -158 Bm -159dBm -158dBm
Update 1 Hz ~ 5 Hz 4 Hz (Max.) 10Hz 5Hz 1Hz Up to 5Hz
Hot Star 1.5¢ <ls 1< 1< 1s 1<
Warm Star 34¢ 29¢ 33¢ 32¢ 33¢
Cold Star 35¢ 29¢ 29¢ 36¢ 42¢ 36¢
Position <3 m CEl 2.5m CEl 10 meters, 2[ | <3m CEF
accuracy <2.5m CEP 3m RMS
Velocity 0.1 mf: - 0.1m/s 0.1m/s 0.1m/s -
accuracy
Time accuracy| 50ns 30ns 300ns 1 ms RMC 1000ns -
Input Voltage | D >0 V*10 DC 3.0V ~ DC 2.8~3.3V

%

DC 3.3V £10%

5.5V

DC 3.3V 5%

DC 3.3V +5%
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5 Tests

5.1 Principle

5.1.1 Normal mode

* Plugging all modules on the same PC

» Waiting until they receive satellite signal
e Saving received data continuously

* Moving in a known trajectory and timing

5.1.2 DGPS mode
The difference is on keeping the ,Reference” fixedhe ground and connected to the PC with

the 10-meter cable while moving with the others olesl and taking measures.
The trajectory is also supposed to be more contplicep highly evaluate the accuracy.

5.2 Results

5.2.1 Electrical analysis

The GPS modules take too long to catch signal fitoersatellites. In order to check whether the
antenna is working properly or not, we used thelloscope. We tried to analyze which signal
is coming out of the antenna.

This test we was done with open sky conditionsn tinethe room the antenna can’t detect any
signal!
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CH1: 100 my £ AC 100MSa Refresh

Figure 5.1: Oscilloscope measurement using a pneld with ten times amplification

AR IR AR AR
O U s i T L

Figure 5.2: Oscilloscope measurement using a gnebd with one time amplification
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5.2.2 Dataanalyss
After resolving the start time problem, we have m&dxperiences with the GPS modules.

* Normal mode
It is about evaluating the GPS precision while mgyi
Example: Reference (Xm, Ym)

Xm(t)

340

™
320 Y

300

280 “‘i

260 N
S S ® S S S ® o Ume
S IS N N
ey W S 2 o> w0 Y
> ~ ~ N N ~ N 3

Figure 5.3: Variation in time for X coordinate efference in normal mode

Ym(t)
60 ~—

45 7

30 v
N—

) ~-

Figure 5.4: Variation in time for Y coordinate eference in normal mode
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Ym =F (Xm)

30 —
20 \.._\

10 ™~

260 270 280 290 300 310 320 330 340 350

Figure 5.5: Trajectory of the reference in normalde (real in black)

= The approximation is quite good (2m), the refereaagorking properly.

e Static error

When the reference is fixed to the ground ther ligtle variation inducing an error in the
received data when moving.

To evaluate it, we drew Ye = F(Xe) while executinfirst DGPS experiment

DGPS1

37,421€080

37,421607¢ ~

37,4216078 /
37,4216077 /,
37,4216076 /
37,4216075 /

37,4216074 //
37,4216073 /’
37,4216072

16,40 16,45 16,50 16,55 16,60 16,65 16,70

Figure 5.6: Coordinates variation for referencelevfix

= The reference is very accurate, especially in Y!



47

* DGPSmode
Here is the main part of the test that will realtynpare the acquired modules.
We always plot trajectories and compare them tog¢héone.

Yd = F (Xd)
5
0}
5 h"’\
o “—\\"’j |
-15
20 — k .
-25
35 30 25 20 -15 10 5 0 5 10

Figure 5.7: Trajectory of D2523T in DGPS mode (iieddlack)

Ys = F (Xs)

4,2 4,3 4,4 4,5 4,6 4,7 4,8 4,9 5,0

Figure 5.8: Trajectory of SUP500F in DGPS model (rehlack)
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24 -\"‘-

| \
24,5 \
-25,0 {‘
-25,5 7{__ D -

B 57 58 59 60 61 62 63
Figure 5.9: Trajectory of MT662 in DGPS mode (ri@ablack)
Yt = F(Xt)
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Figure 5.10: Trajectory of ET318 in DGPS mode (iedilack)
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Yb = F(Xb)
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45 5,0 5,5 6,0
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Figure 5.11: Trajectory of EB230 in DGPS mode (iedilack)
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5.3 Conclusions

* The Reference module is very accurate. The sgatiar is quite tiny.

* There are some gaps in data capture for thedthgrs modules: some frames are missing or
bad recognized. That is mainly due to signal reoagiroblems.

* The signal quality remains constrained by weatheidings and foliage.

* The wait time for the tiny modules until they e#e¢e data is ~15 minutes. Saving the initial
parameters of starting (time, location, satellit@ss. crucial.

* When we disconnect and then reconnect the mogdtles recognized position strangely
changes. The initialization problem again!

* The functioning of the tiny modules is really dom and the test is not 100% reproducible.
That is why it was not possible to ensure the sB&®S test for all the modules; we cannot
manage to make them all work at the same time.

* Data processing cannot be done automaticallytduneultiple errors of reception.

* DGPS enhances the results and gives a relatsietylar trajectory to the real one. But, the
approximation is still not enough: 1m for X and20cm for Z.

* Changing satellites connection occurs rarely small scale (10m radius for our tests).
* MTK chips seem to be the best (at least from tmample we had)

* In the tiny modules, the reliability of MT662 mesk it the better (less than 10 minute wait
time and works 50% of the time well). However, wtlieis plugged with a Windows PC, there
is a risk to get the mouse moving aimlessly onsitreen: Windows recognize this GPS chip as
a ball point and tries every time to install thguieed driver for it, so the virtual serial port is
blocked and the mouse is not controllable anymbinés driver should be always uninstalled to
get a coherent functioning.

* The uBlox module Lea 5 is technically very godahd it has an interesting value for money.
Unfortunately, its conditioning with the theorellgaequired components does not work.

* In the middle size chips, SUP500F is better tB&%23T (his trajectory is more straight, few
oscillations). It has a little more errors thou§lurthermore, its antenna size is very reasonable
and it could be compared with the tiny modules égtenaybe for the weight).
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6 Summary

Through this project, we got in depth in the wasldnavigation systems. During three
months, we discovered the functioning way of GP®. &lcordingly enriched our scope
of knowledge either in the hardware field or inta@fre programming, thanks to the
support of our supervisor.

The GPSs are nowadays an indispensable tool ofjaiéwn; they are accurate global
and precise, practical in many fields.

Through miniaturization, GPS acquired more imparéaim research field. They have a
better size ratio, they need less space requirearghthey are more compact. The GPS
are easily embedded, in any electronic device, lwhs for the robotic field very
promising.

But the size reduction has influenced other aspettie functioning way of GPS.

The characteristics that made the GPS so popular $@aled down, such as precision,
accuracy and robustness. The small modules regptmmal condition to work properly,
in fact they do capture valid satellite signal oaty open sky conditions, good weather,
and they can't work in urban canyons or under delegge.

We made several tests, we took various measurermedifferent weather conditions,
we noticed that the small modules work mostly raniyo

Therefore, we concluded to the fact that the maduleexpected behaviour is mainly
due to the improper work of the antenna, on whieh detection of satellite signals is
depending. The miniaturisation of the antenna hasuptly influenced its working
behaviour and its performance.

The measurements, we achieved with the DGPS moele really more accurate and
more precise than the normal ones. But to reactata ®rror in the interval of some
centimetres is not really feasible and to guararttesr good working in hostile
environment is not really possible. For these nesswe ended up to the fact that the
miniaturised GPS are not really an optimal solutfon our flying robots, as this
operation requires high accuracy and precision.

The miniaturization of GPS has promising perspecbut till today their performance
are still under the standard requirement of theketarThe developers still need to
enhance robustness and precision.
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Imports PCComm

Public Class frmMain
Private comm As New CommManager()
Private transType As String = String. Empty

Private Sub cboPort_SelectedIndexChanged(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles cboPort.SelectedIndexChanged
comm.PortName = choPort.Text()
End Sub

" <summary>

" Method to initialize serial port

" values to standard defaults

"' </summary>

Private Sub SetDefaults()
cboPort.SelectedIndex = 0
cboBaud.SelectedText = "9600"
cboParity.SelectedIndex = 0
cboStop.SelectedIndex = 1
cboData.SelectedIndex = 1

End Sub

" <summary>

" methos to load our serial

" port option values

" </summary>

Private Sub LoadValues()
comm.SetPortNameValues(choPort)
comm.SetParityValues(cboParity)
comm.SetStopBitValues(cboStop)

End Sub

"' <summary>

""method to set the state of controls

""when the form first loads

" </summary>

Private Sub SetControlState()
rdoText.Checked = True
cmdSend.Enabled = False
cmdClose.Enabled = False

End Sub

Private Sub frmMain_Load(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles MyBase.Load
LoadValues()
SetDefaults()
SetControlState()
End Sub

Private Sub cmdClose_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles cmdClose.Click
comm.ClosePort()
SetControlState()
SetDefaults()
End Sub

Private Sub cmdOpen_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles ecmdOpen.Click
comm.Parity = cboParity.Text
comm.StopBits = cboStop.Text
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comm.DataBits = cboData.Text
comm.BaudRate = cboBaud.Text
comm.DisplayWindow = rtbDisplay
comm.OpenPort()

cmdOpen.Enabled = False

cmdClose.Enabled = True

cmdSend.Enabled = True
End Sub

Private Sub cmdSend_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles cmdSend.Click
comm.Message = txtSend.Text
comm.Type = CommManager.MessageType.Normal
comm.WriteData(txtSend.Text)
txtSend.Text = String. Empty
txtSend.Focus()
End Sub

Private Sub rdoHex_CheckedChanged(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles rdoHex.CheckedChanged
If rdoHex.Checked() Then
comm.CurrentTransmissionType = PCComm.CommManager.TransmissionType.Hex
Else
comm.CurrentTransmissionType = PCComm.CommManager.TransmissionType.Text
End If
End Sub

Private Sub cboBaud_SelectedIndexChanged(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles cboBaud.SelectedIndexChanged
comm.BaudRate = cboBaud.Text()
End Sub

Private Sub cboParity_SelectedIndexChanged(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles cboParity.SelectedIndexChanged
comm.Parity = cboParity.Text()
End Sub

Private Sub cboStop_SelectedIndexChanged(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles cboStop.SelectedIndexChanged
comm.StopBits = cboStop.Text()
End Sub

Private Sub cboData_SelectedIndexChanged(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles cboData.SelectedIndexChanged
comm.StopBits = cboStop.Text()
End Sub
End Class

Figure 6.9: frmMain.vb code source
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Figure 6.10: Excel document for coordinates tramsédion
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