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Abstract

In recent years, there has been a significant increase in the use of Global
Positioning Satellite system (GPS) technology, consequently the usage of GPS
receivers has increased. These GPS receivers can be used as a synchronization source
for radio base stations by generating precise 1 pulse per second signals and providing
National Marine Electronics Association (NMEA) data.

The prototype developed in this thesis, implements a GPS receiver emulator to
emulate a GPS receiver which is to be used for radio base station synchronization.
Hardware and software have been used to generate the NMEA messages and to
generate a precise 1 pulse per second signal. A graphical user interface (GUI) has
been created in order to allow the operators of the emulator to input various
parameters to the system used to emulate a GPS receiver.

Using this emulator avoids the need for expensive GPS receivers and their
connection to an antenna with a good view of the GPS satellites. More importantly,
this GPS receiver emulator makes it easier to set up a lab environment for testing
different situations with regard to signaling with NMEA data between the emulated
GPS receiver and the radio base station equipment that is under test. For example, this
allowstestsinvolving incorrect NEMA messages or non-once per second pulses.






Sammanfattning

De senaste aren har det skett en significant 6kning av anvandandet av GPS teknik;
foljdaktligen har anvandandet av GPS mottagare tkat. GPS mottagare kan anvandas
som en synkroniseringskalla for radiobasstationer genom att generera exakt 1 puls per
sekund och dérmed férse NMEA datan.

Prototypen som utvecklats i detta examensarbete, implementerar en GPS emulator
for att erbjuda en effektiv 16sning till att emulera en GPS mottagare som anvands for
synkronisering av basstationer. Olika hardvara och mjukvara har anvéants for att
simulera NMEA meddelanden och fér att generera en precis 1 puls per sekund signal.
Ett grafiskt granssnitt (GUI) har utvecklats for att tilldta anvandaren av emulatorn att
mata in olika parametrar till systemet som anvands for att emulera GPS mottagaren.

Anvéndandet av den hdr emulatorn tar bort behovet av dyra GPS mottagare, och
gor det enklare att sétta upp en labbmiljo for testandet av olika situationer med hansyn
till signalering mellan 1 puls per sekund och NMEA datan av den simulerade GPS
mottagaren och basstationshardvaran som testas.






Acknowledgment

| would thank my Ericsson supervisors Kjell Fyrvall and Torbjorn Hansson for
providing the opportunity to perform my Master’s thesis project in Ericsson in Kista
(Sweden) and in addition | want to thank them for all the technical assistance,
suggestions, and guidance during the thesis project.

| would also like to thank my KTH examiner, Gerald Q. Maguire Jr., for providing
such thorough support throughout the thesis. | would like to mention that it was clear
that Prof. Maguire really made an effort to carefully read the entire thesis and absorb
the concepts, and helped me to improve my thesis through his comments and ideas.
Thanks for your help!

| would also like to thank my thesis colleague Ashar Waseem who always worked
hard and helped me in different parts of the project. Special thanks to James Powell,
who amongst other friends here in Stockholm, helped me to improve my thesis with
intelligent comments.

Lastly | would like to express my gratitude to my family in Iran, who despite the
distance, always showed unconditional support during my education here in Sweden.
Special thanks to Sarwarul 1slam Rizvi for showing me his friendship throughout the
master’ s program.






Table of Contents

N 1 = o ST i
S 0] 00721 = 11 o PSS iii
ACKNOWIEAGIMENT ...t v
TahIE OF CONLENES.....ccviiiiieieieie ettt s b et e s e neeneas Vii
LSt OF FIQUIES......eeiieeeieeee ettt bbbt e e b nreens iX
RS 0 I o] =SSP Xi
List of Acronyms and ABDreviations...........cccooeieiireninieeese e Xiii
N g 0o [0 (o) o 1A SRS 1
1.1 Introduction to the problem and initial Qoals..........ccccooeiiiirininiiccc e 1
1.2 OVEIVIEW Of TESIS....ceiiiiiicieeiieeee st nne s 2
1.2.1  Short introduction tO GPS..........cccoiiieiiee e 2
122 MaIN GOIS.....ccueiiruieiiierie ettt st sttt e b nne s 4
1.2.3  PropoSed SOIULTON........ccuiiiiieriisiesieeieeie et sne e 4

1.3  Structure of the planned theSIS........cccocverieii e 5

2 BACKOIOUNG. ...ttt sttt n bbb enes 7
p R €1 = Y o g S ST 7
211 GPSreceiversand thelr aopliCations..........cocceoeeererenerenesesee e 7

2.2 L PUISEPEr SECONA.......oiiiiiiieiieiee ettt 8
pZ0C T NV 1 N 01 S 8
231 Generd Introduction to NMEA O183........ccccoeiririieienenie e 8
2.32  NMEA SentenCe FOMMEL.........cccueiiieiiiiienie et eee 9

24  Available GPS receiver simulatorsin the market ............ccocvvniniennnenceninennens 10
241  SOftWare SIMUIALOIS .......eeieeeeeceeiecee e 10
242  Hardware SIMUIBLOIS........cccoiieiiriirienie st sae s 11
24.3 Comparing available smulators with our GPS emulator .............ccccceeneenee. 11

25  Synchronization USING GPS..........cccoiiieiiiie e 11
251 Technologies utilizing Synchronization...........cccoceveevinienenieneeneee e 11
252  RBS SYNCArONIiZaLION......ccecoeeiveeie et see e ste e ee e snee s 12

3 Hardware used in the PrOJECT ........ooiiiiiiieeee e 15
3.1 Atmel STK 500 development board...........cccceveereeciesieseeie e ee e 15
3.2 Reasonsfor selecting this specific hardware..........ccccoceieeieniinnneee e 17

4 SOftWAr€ APPrOACK .....eeeeceeie ettt ettt e e tesseesseeaesneestanneesneens 19
4.1  NMEA implementalion ... s 20
4.1.1 NMEA mMeSSage JENEIaLiON .......ccvueieereerieeieseesteeeeseesseeseesseeseeseesseessessens 21
4.1.2  NMEA MESSAGES.......eeeiueiiiieiiieaiteaaieeaiseesseeasseeseeasseessseassessaeeasseesssesnsessnsssnns 25
4.1.3 Transferring NMEA messagestothe RBS.........cccoevecceveece e 33
4.1.4  Control over sending NMEA MESSAgES........ccoeeriereereeriernieseesieeseeseesseeneens 33
4.15 Receivinginformation from RBS...........cccoceiiieii e 34

4.2 CONIOl INEEITACE ..o e 37
421 GUI TEAIUIES.....ccueiiieeeeeeee ettt bt 41
4.2.2  Serial POt fEAIUMNES......cooeieeeeieee et e 43
V220G T 0o (=X o (=== ol 1 (o) o [ SRR 43

4.3  Pulse per SECONT GENEIALON .......cccevueereriesiiesieeeesiee st ee e e seeseesre e saee e 46

I N £ 7= S 1SS 49
51  Outputting NMEA MESSAgE. ......ccueeiuieiiiienieeie ettt sre e 49
52 1 pulseper sSecoNd tESt FESUIL........ccoueeieeeece e 50
5.3 Testing the Whole ProtOtyPe........coceiierieieee e 51
54 Testing the GPS receiver emulator withaGSM RBS..........cccoveevvieeneciie e 55

vii



B CONCIUSION ... 57

6.1 FUIUIE WOIK ..ottt 57
6.1.1 Makeasingleboard and integrate the hardware devices..........ccccceceenenen. 57
6.1.2 Design aSiNE WaVe CONVEITON .......ccceireeiuereerieeiesieesteeeesseesieseesseessesseesseenees 57
6.1.3  Integrating achip scale atomic Clock (CSAC)......coovrireeriiee e, 57
6.1.4 Integrating the GPS receiver emulator into the RBS...........cccocvevveciveenee. 58
6.1.5 Generating all of the NMEA MESSAJES.......ccceriuereerieriienierieeee e 58

6.2 ReqUIred reflECtiONS ........cccoieieiece e 58

REFEIEINCES......ceeee ettt b et e et s r e et e e n e e nbe et nes 59
] 0= 10 [ A USSR 63
APPENAIX B ..ttt b e b et nae e aeeneenne s 65
APPENAIX C .ottt e st e e et e et e s ae e te e e e sreeeeeneenreeteeneenreenneeneenrens 67
APPENAIX D .ttt r e bbb ene e re e aenneenreas 69

viii



List of Figures

Figure 1-1: Base Station System showing GPS receivers attached to each RBS................. 3
Figure 1-2: GPSS-BTS data iNterfaCe. ........coeiiiiiirieieeeese e 3
Figure 1-3: GPS receiver emulator used for RBS synchronization............ccccceeeeeveeiieenenee. 5
Figure 3-1: System diagram of the hardware used in the project ..........ccocevevvicnencneene. 15
Figure 3-2: Pin-outsfor ATmMega 644P [32] .....cc.ocoe e 16
FIQUIE 3-3: STK 500 .....ueiiiieieie ettt sttt sn b e e 17
Figure 4-1: Overview of the NMEA generator inthe system..........ccccoeeeveecvccevicceenns 19
Figure 4-2: NMEA message generation SEEPS ......ccvverereerieriesene st 20
Figure 4-3: Format of the instruction for Parameter 1: Number of satellites.................... 22
Figure 4-4: Format of the instruction for Parameter 2: satellite information for

€aCh ViSIDIE SAEIITE......cueeeeee s 22
Figure 4-5: Format of the instruction for Parameter 24: Automatic satellite

information for each visible satellite..........ccoeviiiiinnin e 22
Figure 4-6: Parameter 3: Health conditionsfor 32 satellites.........cocvvvrieieiiiesceene 22
Figure 4-7: Parameter 4: Configuring latitude for GPGGA .......c.cceveeiecveeveeie e 23
Figure 4-8: Parameter 5: Configuring longitude for GPGGA .........ccocvirieieneneneneniene 23
Figure 4-9: Parameter 6: Configuring GPS status for GPGGA .........ccccccoveveeveeieceeseenns 23
Figure 4-10: Parameter 7: Configuring number of tracking satellites used for

(0101 T o] 0 oo USRS 23
Figure 4-11 : Parameter 8: Configuring Dilution of Precision (DOP) for GPGGA .......... 23
Figure 4-12: Parameter 9: Configuring antenna altitude for GPGGA ...........ccccoevvevieennene 23
Figure 4-13: Parameter 10: Configuring Geoid altitude for GPGGA..........cccooeievineneenne. 23
Figure 4-14: Parameter 11: Configuring operational mode for GPGSA ..........ccccceveenee 23
Figure 4-15: Parameter 12: Configuring positioning status for GPGSA ..........c.ccoceveneenne. 23
Figure 4-16: Parameter 14: Configuring PDOP for GPGSA ........ccccceieereeie e 23
Figure 4-17: Parameter 15: Configuring HDOP for GPGSA .........cccoveiinieneeieneeneens 24
Figure 4-18: Parameter 16: Configuring VDOP for GPGSA ..........cccoceeveeievieie e 24
Figure 4-19: Parameter 17: Protocol selection (Ericsson or FUrUNO) .........cceveecevveenieennnns 24
Figure 4-20: Parameter 13: Configuring GPSS WEEK...........cccevierieriieieereeeeseeseesee e 24
Figure 4-21: Parameter 18: Configuring GPSS Second ...........ccccoeveereernnieenerie e 24
Figure 4-22: Parameter 19: Configuring GPSS status for GPPPr........cccoveveeveeieseerieenens 24
Figure 4-23: Parameter 20: Configuring state mode for GPSES..........cocevvreeneeienieneeins 24
Figure 4-24: Parameter 21: Configuring position hold mode for GPStS..........cccceceveenen. 24
Figure 4-25: Parameter 25: configuring Antenna port overload...........cccoeeveeieieenennnne 24
Figure 4-26: Parameter 22: Configuring UTC tiMe........cccveieveeee e e 24
Figure 4-27: Parameter 23: Configuring GPGSV MOdE...........ccoovieereniinienenee e 24
Figure 4-28: GP{PS MESSAgE FOIMAL.......ccueeveeeerieeesee e re e te e e e 26
Figure 4-29: GpanC MeSSAgE fOMMEL .........cecviiierieeie e 27
Figure 4-30: GPLSt MeSSAgE fOIMEL.........cceeieeeeiiee e 27
Figure 4-31: GPppr MeSSage fOrMEL .........cooiiirieeeeee et e 29
Figure 4-32: GPStSMESSAgE fOIMEL .......ccveieeeeeeerie et 30
Figure 4-33: Gpavp MeSSage fOrMIEL.........cccuiiieiirie et 30
Figure 4-34: GPGSV MESSAgE FOMMAL ......cccveeeerieeieseesieeesee e e e e eee e ae e e e e e 31
Figure 4-35: GPGGA MESSAgEe fOIMEAL.......cc.eiuiiieieree et s 32
Figure 4-36: GPGSA MESSAgE FOMMAL .......ccveiueerieeieseesieee e se e e e ee e ae e e e e 33
Figure 4-37: GPset sentence eXample. ... 36



Figure 4-38: GPS receiver emulator GUI .........ocooieiiiiiinieseeseeee e 37

Figure 4-39: Manual Satellite INfOrmation ............ccovveiereereeie e 38
Figure 4-40: Error indicating that the user needs to fill in the Number of Visible

SAEITE IR ..o 38
Figure 4-41: Automatic SatelliteS INfOrmation...........cccveereerienieneese e 39
Figure 4-42: Progress bar indicating the progress of programming ..........c.ccceceeevvevereenns 41
Figure 4-43: Error indicating input OUt Of raNge..........cocveieriereereeiesee e 42
Figure 4-44: Error indicating Enter NUMDErS ONlY .......ccoeoveieeiieie e 42
Figure 4-45: Error indicating port iSalready OpeN.........ccooveiererie e 43
Figure 4-46: the first handshake between the microcontroller and control

1= = o USSP 45
Figure 4-47: Handshake for programming the MemOrY ..........ccceeeveereereeieseese e seeneens 46
Figure 5-1: Using SSCOM 3.2 to observe the generated NMEA messages that

arebeing SENttOthEe RBS........coo i 49
Figure 5-2: Phase deviation VEISUS tIME..........coii it 50
Figure 5-3: Frequency deviation VErSUSTIME.........ccoveieeieseereeieseeseeeesee e eeesseesseeeens 51
Figure 5-4: Generated NMEA messages by the microcontroller for Furuno

0010 o ) SRS 52
Figure 5-5: Curves output DY VEE Pro........oo e 53
Figure 5-6: Print ErrOrS WIiNCOW ..........ceceiiereeiesieseesieseeseessesseesseesesseessessesseessessessenns 53
Figure 5-7: Polaris plot of the satellite positions during 24 hours............ccccecveeeienienenne 54
Figure 5-8: Generated NMEA messages by the microcontroller for Ericsson

0010 ol ] USSR 54
Figure 5-9: The synchronization status of the RBS............ccccevieieiievieie e 55
Figure 5-10: TF isturned to blue which indicates timing function is

S Y100 0= o S 56



List of Tables

Table 3-1: Connections from microcontroller to external and on-board devices.............. 16
Table 4-1: GPset SENteNnCe PAraMELErS. ........cooiierieririere et 36
Table 4-2: GPInt SentenCe ParaMELEN'S .........coveiieiieeceeie ettt 36
Table 4-3. An example of alinein the text file containing information for two

SAEIITES ...t 39

Xi






List of Acronyms and Abbreviations

ASCII
BTS
CPLD
CIN
CDMA
CS
DOP
DU
GPS
GPSS
GUI
HDOP
NMEA
PCB
PDOP
ppb

pps
PRN

RBS
RTC
RX
SCK
Sl

SO
SNR
SPI
TOW
X
UART
utcC
VDOP
XOR

American Standard Code for Information Interchange
Base Transceiver Stations

Complex Programmable Logic Device
Carrier to Noise

Code Division Multiple Access

(logical not) Chip Select

Dilution of Precision

Digital Unit

Global Positioning Satellite system
Global Positioning System Synchronization Source
Graphical user interface

Horizontal DOP

National Marine Electronics Association
Printed Circuit Board

Positional DOP

Parts per billion

Pulse per second

Pseudo-random number

radio base station

Real-time clock

Receiver

Serial Clock

Serial Input

Serial Output

Signal to Noise Ratio

Serial Programming Interface

Time of Week

Transceiver

Universal Asynchronous Receiver/Transmitter
Coordinated Universal Time

Vertical DOP

Exclusive OR

Xiii






1 Introduction

In this thesis a Global Positioning System (GPS) receiver emulator designed and
implemented to emulate a GPS receiver. The GPS receiver emulator will be built as a
prototype and will be tested with a radio base station (RBS). This hardware and
software will be used to test a RBS in a laboratory by providing synchronization and
messages to and from a RBS under test. A microcontroller is used to implement
National Marine Electronics Association (NMEA) 0183 or 2000 messages. A
Complex Programming Logic Device (CPLD) is used to generate 1 pulse per second
(pps) signal. A graphical user interface (GUI) was developed to alow operators to
input various parameters to the emulated GPS recelver. Such an emulated receiver can
be used to test aRBS under practical and repeatable conditions.

1.1 Introduction to the problem and initial goals

Ericsson routinely uses GPS receivers to provide synchronization to RBS;
however, it is expensive and can be complicated to set up a GPS receiver in a lab
environment, hence there is a need for an accurate GPS receiver emulator.

Ericsson, one of the largest telecommunication vendors in the world, is producing
telecommunication equipment for both mobile and fixed network operators. Ericsson
states that more than 180 [1] countries are using their equipment and that more than
40 percent of mobile traffic is sent over Ericsson manufactured equipment and
infrastructure. One factor that makes Ericsson so successful is that they provide end-
to-end solutions for mobile communication, covering al current mobile
communication standards ranging from GSM to WCDMA to LTE [1]. So the solution
proposed in this project should be compatible with all these standards.

The Radio Base Station Integration and Verification (RBS I&V) department is
responsible for building and integrating RBS hardware and software for GSM,
including functional verification of RBS software, instaling RBS, and regression
testing of legacy products with newer software [2].

Base Transceiver Stations (BTS) are called RBS in Ericsson’s terminology, hence
for the rest of this thesis the term RBS' will be used instead of BTS. An RBS is used
to provide communication between wireless user equipment (such as mobile
telephony equipment) and the operator’s core network. There can be more than one
RBS in a given area and these RBS need to be synchronized with each other. One of
the important uses of synchronization is during handoff; a handoff occurs when a
mobile user moves between two RBS and an on-going call or session needs to be
switched from one physica channel to another channel. Another usage of
synchronization between RBS is for transmitting real-time interactive multimedia
traffic’ such as multi player online game with strict requirements on delay and timing
[3,4,5].

" In this thesis the term RBS will be used in both a singular and plural sense, meaning
either a Radio Base Station or Radio Base Stations as appropriate in the context.

" Interactive multimedia traffic is a stream containing video, audio, or a combination
of these.



RBS need to meet a carrier frequency accuracy of + 50 ppb” in order to provide
quality of service and have acceptable handoff performance. There are different
methods and technologies for providing synchronization between RBS. One
technology utilizes an embedded rubidium oscillator which is a solution with long
stability. Another method is to use an embedded quartz oscillator which is a cheaper
solution in comparison to other methods, but there is a larger margin of error over a
long period of time. Another option is to use a GPS receiver in the RBS, which is a
very robust and accurate solution for providing time and location information, but this
solution is expensive and requires line of sight to a set of GPS satellites in order to
work properly [3].

1.2 Overview of thesis

This section begins with an introduction to GPS and how it works, followed by an
explanation and introduction of the main goals and proposed solution for this thesis.

1.2.1 Short introduction to GPS

The Global Positioning System (GPS) is a constellation of 27 operational satellites
orbiting around the earth, of which 24 are active and 3 are reserved for backup. GPS
receivers listen to messages from these satellites. To be effective the receiver needs to
be in the line of sight of at least three satellites in order to perform accurate
trilateration [6]; however, the GPS receiver “ measures the distance to a fourth satellite
to synchronize its pseudorandom number code [sequence] with the satellites and
correct for any timing offset”[7].

Knowing exactly where the satellites are at al times is done by using monitoring
stations and ground antennas, which will check the speed, position, and atitude of the
GPS satellites. The monitoring stations also take into account orbital errors caused by
solar radiation pressure and gravitational pull. Therefore the satellites send navigation
datain their signal which is encoded using along pseudorandom code.

The method to calculate the distance from satellites to the GPS receiver is based
upon the fact that a satellite transmits data using a long pseudo-random code. The
GPS receiver utilizes the same pseudo-random code. When the GPS receiver receives
a signal from the satellite, the time difference between the generated code received
from this satellite and the receiver’s code is used to calculate the signal’ s propagation
time. The GPS receiver multiplies this delay by the speed of light in order to calculate
its distance from each satellite. This computation assumes that the signal traveled in a
straight line. For such a calculation a very precise clock is needed in each of the
satellites. Atomic clocks are very precise, but also very expensive'; therefore they are
not economical (or necessary) to include in each GPS receiver.

A solution is to use atomic clocks in the satellites and to use cheaper quartz
clocks in the GPS receivers. The GPS receivers will synchronize themselves with the
GPS satellites to an accuracy of a nanosecond [7]. Ericsson is using a single GPS
receiver in the lab for the synchronization of RBS, but outside the lab environment
separate GPS receivers are used in order to provide time synchronization of different
base stations, as shown in Figure 1-1.

" Parts per hillion
" Note that single chip atomic clocks are currently coming onto the market, such as
those sold by Symmetricom.
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Figure 1-1: Base Station System showing GPS receivers attached to each RBS

As shown in Figure 1-2, the GPS receiver provides accurate timing information to
the Global Positioning System Synchronization Source (GPSS) and then GPSS will
use this information to generate a 1 pulse per second (pps) signal and to generate
additional data including GPS time, position, etc. and sends this information to the
RBS. The RBS will use thisinformation for synchronization [8].

Satellites

Request
output
GPS Receiver L. )
Data Digital Unit
(DU)

1PPS

GPSS

.

Figure 1-2: GPSS-BTS data interface

A request for output might be sent from the digital unit (DU) (a component of the
RBS) to ensure that the specified information together with the corresponding time
intervals have been sent from the GPSS to the DU [9].



1.2.2 Main Goals

The main goal of this thesis project is to develop a GPS receiver emulator. This
GPS receiver emulator should generate 1 pps and NMEA-data messages. The DU
inside the RBS may also use the 1 pps and NMEA messages for synchronization with
DUs in other RBS. The GPS emulator is to be used in a test lab environment, since
using an emulator is easier and less expensive setting up than areal GPS receiver and
antenna (especially as this antenna needs to have line of sight to at least three GPS
satellites at all times, thus it is the antenna’ s placement and connection to the receiver
that is expensive and not the receiver itself). As a result the test laboratory can use
this GPS receiver emulator to test an RBS by simulating various scenarios.
Additionally, the same GPS receiver emulator could be used to conduct fault testing,
where by corrupting data or unexpected values and signals can be smulated to
investigate how the system (which might include multiple RBS) reacts.

In order to use the GPS emulator as a source of synchronization for an RBS, the
GPS receiver emulator should generate 1 pps and some NMEA -data messages, just as
if it were areal GPS receiver. These NMEA data messages are sent after the positive
edge of each pulse. An RBS can work with different current radio standards such as
GSM, WCDMA, and LTE, and synchronization between RBS in the field is generally
based on GPS, so it isimportant that the GPS receiver emulator will work with RBS
implementing all current radio standards.

1.2.3 Proposed solution

The NMEA messages can be implemented by using a microcontroller or a
computer and the 1pps signal will trigger the output of NMEA messages. For this
thesis it was decided to use a microcontroller to provide an accurate 1lpps as
generating the 1pps signa by a computer would not be sufficiently accurate.
Therefore a hardware-based solution using a dedicated microcontroller was chosen.
Different methods can be used for generating the 1pps signal and a CPLD was used to
generate the 1pps signal. The NMEA data messages include different variables, but
since an actual GPS satellite signal is not available al of the values and data that the
satellite would send need to be calculated, replicated, and ultimately output by the
receiver emulator. Therefore we need a control interface to enable the user to input
various parameters that will be used when emulating the GPS receiver's data
messages.

Another important aspect is to control when the NMEA data is sent to the RBS or
to ensure that internal timing signals behave as expected. Figure 1-3 shows the system
that will be implemented in this thesis project, illustrating the control data interface (a
personal computer, i.e., a PC), the pulse generator (implemented in an CPLD), the
NMEA data source (implemented by a microcontroller), and the RBS.



Some of the benefits of having such a GPS receiver emulator are:
e Noinstalation of a GPS antenna or antenna feed cable are required to have the
equivalent of a functioning GPS receiver (while still having the desired
NMEA data).

e The simulation can be run for any defined time period, test parameters can be

easily configured, and test conditions are repeatable.

e By generating the appropriate control messages, one can determine the
response of the RBS to fault conditions [10].
e GPS computer emulation allows testing without the need of satellites being
available at a particular time and place, and under current conditions. They
also alow easier testing of equipment in remote locations or at high velocities

[11].
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Figure 1-3: GPS receiver emulator used for RBS synchronization
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Chapter 1 has specified the problem and outlined the requirements for a solution.
Chapter 2 provides the background necessary for the reader to understand the rest of
thesis and to understand how this work comparison to that done by others. Chapter 3
covers the hardware approach which was used for this thesis project, while Chapter 4
describes the software approach, including the GUI. Chapter 5 analyzes of results of
testing this GPS receiver emulator prototype. This is followed by conclusions, future
work, reflections, and references.







2 Background

In this chapter different parts of the GPS system are described. Following this a
short introduction to the NMEA standard is given. The chapter ends with a review of
some of the available GPS receiver emulators on the market.

2.1 GPS Parts

GPS includes 3 different segments: (1.) space segment, (2.) control segment, and
(3.) user segment. The space segment includes the 27 satellites as described earlier in
section 1.2.1. The signal sent by the satellites contains 3 different parts. two sine
waves (also known as carrier frequencies), two digital codes, and a navigation
message. The sine waves and digital code can be used to calculate the distance of the
GPS receiver from the GPS satellites. The control segment includes a network of
tracking stations on the ground with one being designated as a master control station.
The control segment is used to track the GPS satellites and predict their location, to
check the accuracy of the satellites atomic clocks, and to generate the satellite
admanac . The user segment is divided into two different applications: military and
civilian, for which military and civilian users have different levels of access. The user
segment includes the GPS receiver and antenna in order to receive the signals from
the satellites, and a timing mechanism. The GPS receiver will use the digital code and
sine wave to calculate its distance from the satellites and use the navigation
information to calculate the satellites coordinates [6, 12].

2.1.1 GPSreceivers and their applications

GPS receivers are differentiated by the number of channels they implement. These
channels enable the GPS receiver track different numbers of satellites simultaneously,
for example a GPS receiver with four channels can track four satellites at a time.
There are severa different architectures for GPS receivers:

Continuous Receivers  This type of GPS receiver includes five or more channels
and can monitor four satellites at the same time. They
have very high efficiency and are very expensive, so it is
suitable for expensive devices that require good accuracy,
such as afighter aircraft.

Sequential Receivers This type of GPS receiver can have one-channel or two-
channels, meaning the device can track one or two
satellites at one time. Thisreceiver isless expensive and it
IS not as accurate as a continuous receiver.

Multiplexed Receivers  This type of receiver has the ability to switch between the
satellites it is tracking. Such areceiver is not as expensive
and has lower resistance to jamming as compared to
continuous receivers, so they are more suited for civilian
than military usage.

" The GPS almanac is data sent by satellites and includes information regarding the
state of the satellite constellation and data describing each satellite's orbit.
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In addition to these different GPS receiver architectures, there are different types
of GPS receivers, such as. differential GPS receivers, surveying receivers,
analog/digital receivers, and time transfer receivers. GPS applications are varied. One
of the most common applications is navigation and location without the need for
highly accurate timing. However, GPS applications used for timing purposes are the
focus of this thesis, specifically for providing accurate time synchronization between
RBS.

2.1.1.1 Time transfer receivers

Time transfer receivers can be used for applications requiring precise timing. As
previously mentioned, GPS receivers use 3 satellites for positioning and use one
satellite to get the precise time in order to synchronize the receiver’s clock with the
satellites atomic clocks. GPS receivers usualy have a crystal oscillator or an
aternative frequency source such as a rubidium or cesium cell. If the GPS receiver
can see a sufficient number of satellites and can gather the required positioning and
timing information, then it will synchronize itself to UTC time, otherwise it will
simply use the internal oscillator or an external frequency source. This type of GPS
receiver can provide timing synchronization with an accuracy of nanoseconds [13].

2.2 1 Pulse Per Second

Generating an accurate 1 pulse per second is one of the goals for this project. The
generated 1 pulse per second should have noise less than 100 nsrms.

1 pulse per second is a pulse with a frequency of 1 Hz that can be generated by the
GPS receivers and synchronized with UTC time [14].

2.3 NMEA 0183

This section gives a general introduction to NMEAOQ183, and other relevant
NMEA standards. Later in this section the sentence format used in NMEA is
described.

2.3.1 General Introduction to NMEA 0183

NMEA 0183 is a standard for data transfer for maritime communication and
navigation equipment. A NMEA 0183 device has an interface in order to be able to
send or receive data. NMEA is aone way data transmission standard that supports one
talker” and one or more listeners'. This data can include time, speed, and positioning
information, etc.[15].

NMEA 0183 has different versions and version 4.10 is the latest & current version
[16]. NMEA 2000 standard is another interface standard for data transfer in maritime
communications. NMEA 2000 is used with a network of devices, as it can support
multiple transmitter and multiple receivers and it is a multi-master standard [17]. It is
50 times faster than NMEA 0183, but it is not suitable for the high bandwidth
applications, such asvideo [17].

" Any device that sends data within the NMEA standard is known as talker
T Any device that receives data within the NMEA standard is known as listener
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In the following sections when we use the term NEMA we are referring to the
NMEA 0183 standard unless stated otherwise. NMEA is widely used as an interface
standard for GPS receivers [18].

2.3.2 NMEA Sentence Format

NMEA messages have a specific format including characters and fields that make
up a sentence. In the following subsections we will describes the characters, fields,
and sentences of NMEA messages.

2.3.2.1 Characters
The format of the transmitted datawill be ASCII characters.

2.3.2.2 Fields

NMEA messages are compromised of the following fields:

Address

Data

Checksum

Sequential
Message
Identifier

The address field is the first field of each sentence. All messages
start with a“$” or “!” character to denote the start of a sentence.
There are different types of address fields, including: approved
address field, query address field, and proprietary address field.
In this thesis project only the approved address and proprietary
address fields were used. In an approved address field the 5 bytes
following the character “$” are reserved for use as an address
field; of these the first 2 bytes of the address field identify the
talker (which is “GP” indicating that the talker is a GPS device)
and the last 3 bytes identify the type of message in the sentence
(as will be discussed in detail in section 4.1.1). For this thesis,
the address fields GPGSV, GPGGA, and GPGSA are generated
in this way. The proprietary address field starts with character
“P” and isfollowed by 3 characters indicating the manufacturers
specific code which has been used. In this thesis the proprietary
address fields are PFEC (Furuno) and PERC (Ericsson).

The datafield includes delimiters and valid characters.

A checksum is a mandatory filed. It is calculated as the XOR of
the whole sentence after the “$". This field follows the character
“*" which is the checksum field delimiter.

The sequential message identifier can be used as an identifier in
the case of a multi sentence message. This field was not used in
thisthesis project.

2.3.2.3 Sentences

The maximum length of a sentence is 82 characters, including a one byte start of
sentence delimiter (“$” or “!”), a combination of different fields, and a two byte long
end of sentence marker “<CR><LF>" [15].



2.4 Available GPS receiver simulators in the market

There are a number of different types of GPS receiver ssmulators available in the
market. They are implemented as various combinations of software and hardware
with different features. In the following subsections, we will discuss the software and
hardware available ssimulator and then make a comparison with our GPS emulator.
These GPS receiver smulators are mainly used for testing in various scenarios. Some
of these simulators and their features are listed below:

2.4.1 Software simulators

Here some of the available software that can be used as a GPS receiver simulators
are described:

10

SkyFreeGPS is a GPS receiver simulator. It generates the same data that is
generated by a GPS receiver except for the exact position. At a frequency of
one sentence per second it can generate GPS datain GPA and RMC sentences,
indicate position by showing a latitude and longitude on a map, and this
generated NMEA data can be saved for analysis or future use[12].

The Skylab GPS simulator is an application which can generate GPGGA,
GPGSA, and GPRMC NMEA sentences. It offers different configuration
options, different input and output methods (such as manually entering data,
importing data from a map, replaying a GPS logfile, etc.), multiplexing GPS
receivers, visualize and output rea time data (latitude, longitude, height,
speed, NMEA validity, date, time, etc.)[19, 20, 21].

Virtual GPS1.40 is an application used for simulating a GPS receiver; it can
generate GPGLL, GPGGA, GPVTG, GPRMC, GPGSA, GPGSV, GPZDA,
GPWPL, GPRTE, and GPAAM NMEA sentences. Two different modes are
available: simulation mode and file mode. In the simulation mode, latitude and
longitude will be incremented based on a defined step, whereas in file mode a
text file of GPS data can be loaded [22].

ZylGPSSimulator 1.33 is a Delphi GPS receiver simulator component. It is
able to generate GPGLL, GPGGA, GPVTG, GPRMC, GPGSA, GPGSV, and
GPZDA NMEA sentences. It allows the creation of a virtual port, converting
parameters to NMEA 0183 format, and sending sentences via the virtual port
[23].

GPSsim v2.2.3 is an application for ssmulating a GPS receiver, it can be used
to generate NMEA data [24].



2.4.2 Hardware simulators

There are also other types of simulators to test the GPS system, a single-channel
GPS signal generator which can be used to test a GPS receiver for: a range of signal
levels, that the GPS receiver can identify satellite signals and it can also be used to
test connectivity and assembly of GPS receivers. GPS constellation signal simulators
(GSG5 and GSG6 series) can be used to simulate a number of GPS satellites and
provide multiple channel testing of GPS receivers for: how quickly a GPS receiver
can achieve a position fix, different climates, tracking sensitivity, traectory and
location testing, elevation masking, and leap second testing[25]. LabSat GPS &
Multi-GNSS simulator, STR4500 Multi-Channel GPS/SBAS simulator, and GSS6700
Multi-GNSS simulation system are some examples of this kind of GPS simulator [26,
27, 28].

2.4.3 Comparing available simulators with our GPS emulator

From a review and analysis of available GPS simulators it was observed that the
receiver simulators offer similar features in terms of generating a limited number of
NMEA messages or signals received from the satellites. All of these simulators are
mainly used for positioning and location determination, most of these simulators do
not offer timing or synchronization outputs, which is one of the outputs of areal GPS
receiver and if they have 1pps output, it is not stable enough to meet the requirements
for RBS synchronization. Most of these simulators are software solutions that cannot
have interaction with an RBS. In addition to the above simulators, there are some
hardware GPS simulators that can be used to simulate receiving signals from satellites
or recording and replaying these signals, some even have the ability to manipulate
different parameters.

The GPS receiver emulator designed, implemented, and tested in this thesis
project, generates a number of different NMEA messages to be sent to the RBS, it is
also able to receive messages would be sent by the RBS to a GPS receiver. Most
importantly the 1 pps signal is generated by the GPS receiver emulator and sent to the
RBS. This signa can be used for timing information and RBS synchronization. The
GPS receiver emulator is aso capable of recording and replaying satellite
information, including satellite PRN, azimuth, elevation angle, and SNR.

2.5 Synchronization using GPS

As mentioned in section 1.1, GPS recelvers can be used to provide
synchronization for the RBS and certain technologies are needed for synchronization,
such as hand off. In this section some technologies that use synchronization will be
discussed and how synchronization happens in the RBS will be explained in more
detail.

2.5.1 Technologies utilizing synchronization

One of the crucial aspects to be considered in telecommunications networks is
providing timing and frequency synchronization; it is required in order to increase the
quality of service by improving the performance and avoiding packet loss[29].
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In a wireless infrastructure different technologies and protocols need timing
synchronization with varying levels of precision. In paging a paging signal is sent via
one or more RBS to reach the receiver, so it is possible that when the page is received,
it is from different towers and if there was no timing synchronization, then the
receiver might receive the same page more than once. Paging needs a synchronization
of around amicrosecond (this can be easily provided by using a GPS receiver).

Code Division Multiple Access (CDMA) is another technology that needs RBS
synchronization. CDMA is a digital system that shares a frequency channel among
users by using spread spectrum technology, in which multiple users can send, receive,
and broadcast at a same time. Therefore base stations need to be precisely time
synchronized and this also can be achieved by using a GPS receiver.

Enhanced 911 localization requires synchronization between base stations with
high precision and accuracy (100 ns). Enhanced 911 was proposed so that the operator
could pass an estimate of the location of the user of a mobile phone making an
emergency caling to within 125 meters. One method to estimate the location of the
user is called Time Difference of Arrival (TDOA). When a user calls the emergency
service, the signal will be received by two (or more) different RBS. The signal will
arrive to the RBS at different times, the time difference of the arrival of the received
signal can be used to estimate the distance of the user from the RBS, thus enabling the
operator to estimate the exact position of the caller [30].

GPS receivers used for synchronization purposes are not fail proof, as mentioned
in section 2.1, GPS receive signals from satellites and therefore it is possible to
interfere with the wireless communication and GPS signals (e.g. different sources of
electromagnetic radiation can interfere the GPS signals). Such interference can
decrease the accuracy of timing synchronization to different degrees. When the
interference is easy to manage and does not have a severe effect on timing
synchronization the GPS receiver is ill able to track satellite signals. If the
interference is greater, then the GPS receiver will loose track of satellite signals, and
the timing output from the GPS receiver will start drifting from the correct time. If
the degree of interference is very severe, then the GPS receiver will loose track of
then satellite signals and will have to derive timing information from its internal
oscillator. This internal oscillator is not so stable and will drift after a short period of
time. Despite these problems many telecom operators rely on a GPS receiver as the
source for synchronization. The reason behind this the high cost for deployment of
alternative solutions, such a cesium oscillators. Another reason is the alternative
solutions are not sufficiently accurate, for example rubidium or crystal oscillators [3].

2.5.2 RBS Synchronization

GPS receivers can be used for base station synchronization by generating 1 pps
and NMEA data, this 1 ppsis used to steer the local oscillator and synchronize it with
GPS time. Such a solution combines the long term stability of the GPS receiver with
short term stability of the local oscillator [3].
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For RBS synchronization two factors should be considered: frequency
synchronization and time/phase synchronization. For GPS there are two
synchronization modes and Timing Function (TF) can be configured for frequency
synchronization or frame synchronization. When TF is frequency synchronized there
is a defined frequency offset between the executive reference source and the internal
oscillator” in the RBS. A frequency synchronized RBS meets the requirement of a
frequency error of no more than 50 ppb defined in GSM. When TF is frame
synchronized, there is a defined time offset between the executive reference source
and the time base counters.

Therefore the goal in order to provide synchronization for the RBS is to keep the
frequency of the Internal Oscillator within requirements when the RBS is Frequency
Synchronized and to keep the frequency of the Internal Oscillator and the generated
timing within requirements when the RBS is Frame Synchronized.

For the frequency synchronization the RBS will get the 1pps from the GPS
receiver emulator compare it with its regulator frequency (including oscillator) and
then it will steer its frequency to adjust it to the frequency of 1 pps. As mentioned
above, frame synchronization is another method of synchronization in which RBS
uses information in NMEA messages (GPppr in Ericsson protocol and GPtps in
Furuno protocol) including GPS week and GPS TOW, to calculate the frame number.
It uses the following formulato calcul ate the frame number:

Frame number= MOD(((1024+ week number)* 604800+TOW)*650/3;2715648)

The regulator includes an internal oscillator and it compares the calculated frame
number with its own frame number and adjusts it. On the rising edge of 1 pps, the
received NMEA message is time stamped by the regulator and this time stamp
includes the frame number which will be compared to the calculated frame number to
do the adjustment [31].

" The internal oscillator in the RBS provides the frequency source for the radio
frequency generation and clocking of the time base counters. The internal oscillator
isalso called OVCXO.
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3 Hardware used in the project

In this chapter the hardware used in the thesis will be detailed. In order to achieve
the main goals of the thesis, the following hardware was used to implement the GPS

receiver emulator:

e Atmel STK500 development board with an Atmel ATmega 644P

microcontroller,

o AlteraMAX |l Development Kit (a Complex Programmable Logic Device

(CPLD)), and

e Atmel AT45DB011D Flash memory.

A diagram of the hardware used and how it is interconnected is shown in Figure
3-1. The ATmega 644P microcontroller is attached to the development board and the
flash memory is also connected to this development board. The memory
configurations and pin-outs of the microcontroller relevant to this thesis project are
shown, specifically: chip select (CS), seria input (SI), serial output (SO), and serid
clock (SCK) to the memory. The control interface is connected to the development
board (and following a voltage level shifter connected to the microcontroller) via an
RS-232 interface. The CPLD is connected between the development board and the

RBS.

10MHZ

RX

CPLD

1 PPS Enable

Control Interface

>

1PPS

>

RBS

RX

SI

ATmega 644P

SCK

SO

Memory

Figure 3-1: System diagram of the hardware used in the project

3.1 Atmel STK 500 development board

An Atmel STK 500 development board, equipped with an Atmel ATmega 644P
microcontroller, has been used for generating the NMEA messages. Figure 3-2 shows
the pin-outs used on the ATmega 644P microcontroller. The pins relevant to this
project are shown in Table 3-1with there purpose described.
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(RXD1/AINO) PB2
(TXD/AIN1) PB3

(TOSC1/XCK0/OC3A) PD4
(OC1A/TOSC2) PD5
(IWR) PD6
(IRD) PD7

o 0 9 & U A W

— e e e e e e e e e
o 0 9 N AW N = O

PDIP

— \ / 40—
—2 39—
38—
37—
36— PA3 (AD3/PCINT3)
35—
34—
33—
32—
31—
30—
29—
28—
27—
26—
25—
24—
83— PC2 (A10/PCINT10)
22 PC1 (A9/PCINTY)
—20 21—

Figure 3-2: Pin-outs for ATmega 644P [32]

Table 3-1: Connections from microcontroller to external and on-board devices

Pin Purpose
3 connected to the 1pps output pin of the CPLD.
4 connected to the enable pin on the CPLD.

14, 15, 16, and 17

(RXDO/TXDO0 and RXD1/TXD1 respectively) are used
for two serial UART interfaces

22 and 23 connected to an LED to indicate the mode the emulator
iscurrently in
36 connected to a switch that can select the emulator’s

mode




Figure 3-3 shows the Atmel STK500 including two seria interfaces, power
output, Atmega 644P [33]. These interface are marked by red numbers in the figure,
as follows: (1) RS232 CTRL interface which is used for transferring configuration
information from the control interface to the microcontroller; (2) RS232 SPARE
interface is used for transmission of NMEA sentences to the RBS; (3) the power
input; and (4) the microcontroller (in this case the Atmel ATmega 644P).

Figure 3-3: STK 500

3.2 Reasons for selecting this specific hardware

The reason for selecting this specific hardware was the STK500’s compatibility
with different Atmel microcontrollers which can be plugged into the board for
development purposes. As mentioned above, STK500 has two seria interfaces which
are important for our thesis; as one interface was needed for the transmission of
NMEA sentences to the RBS and the other can be used for communication with the
control interface on an attached PC. The STK500 board also provides the possibility
to connect the 1 pps signal from the CPLD to it via an external interrupt interface. SPI
was used to connect to an external memory.

Originaly an Atmel Atmega 162 was used for developing the system which has
16 KB of flash and 1 KB of SRAM [34]. However, when including the option to
program the microcontroller with positioning information from the memory it was
discovered that the SRAM and FLASH memory were not large enough. Therefore an
Atmega 644P with 64KB of Flash memory and 16 KB of SRAM was selected.
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4  Software Approach
To achieve the goals of the thesis, the project was divided into the following steps:
e Generating NMEA messagesin the NMEA generator,

e Designing a control interface in order to be able to configure NMEA
parameters,

e Generating 1 pulse per second in the 1PPS Generator,

e Storing the satellite information in the Atmel AT45DB011D Flash
memory in order to send this information to the microcontroller and hence
to RBS by using an External Memory Handler (to emulate satellites
position closer to thereality), and

e Sending the NMEA data generated by the NMEA generator and 1pps

generated by the 1pps generator to the RBS and receiving some messages
from the RBS.

Figure 4-1 shows the NMEA generator and its relationship to: the control
interface, external memory, the 1pps generator and the RBS.

PPS

10MHZ

1PPS Generator RBS

PPS Enable

™
RX RX

Control Interface ™ NMEA Generator

L.

TX

:

cs

External Memory sl
Handler SCK

SO

Memory

(

Figure 4-1: Overview of the NMEA generator in the system
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4.1 NMEA implementation

As mentioned before, in order to emulate a GPS receiver it is necessary to
generate NMEA messages. In this project many of the standard NEMA messages and
both the Ericsson and Furuno proprietary message protocols have been implemented.
All of these messages are generated by the microcontroller and sent to the DU via a
serial interface (in this case specifically a RS-422 interface - as this what the RBS
expects). An Atmel ATmega 644P [32] microcontroller is to generate these messages.
There are five basic requirements and steps for NMEA implementation. As shown in
Figure 4-2, the first step is to send data via the control interface to configure the GPS
radio emulator, the second step is decoding the information received from the control
interface, the third step is making changes to the parameters in the corresponding
NEMA message, the fourth step is to generate the NMEA message and send the
messages on the rising edge of each 1pps pulse. The fifth step is to recelve messages
from the RBS, these messages will be used to make changes in corresponding

| messages and further generation of NMEA messages sent to the RBS.

10MHZ
1PPS Generator

2. Decoding the
configured
information

1. Control
Interface

4. Generating
NMEA messages
by using the
microcontroller
and transmit to
DU in RBS

3. Making the
changes to the
parameters in the
corresponding
messages

RBS

Transmit data to the
GPS emulator

5. Receiving data

from RBS

NMEA Generator

Figure 4-2: NMEA message generation steps
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4.1.1 NMEA message generation

Some of the parameters in the NMEA messages (which can also be referred to as
sentences) need to be configured with parameters, so there is a need for a control
interface to input those parameters that will be used in the generated NMEA
sentences. This information from the control interface will be sent to the
microcontroller’s UART via a RS-232 serial interface. This serial communication is
done at a baud rate of 9600 bits per second with 1 stop bit and no parity bit. Each time
a byte is received by the Universal Asynchronous Receiver/Transmitter (UART) an
interrupt will occur. The interrupt handler will subsequently process the received byte.

When a command from the control interface has been received this command will
be decoded by a message decoder module. An instruction format was utilized to make
the decoding of these messages easier. Each instruction by the control interface to the
GPS emulator starts with a*“#” sign, followed by an instruction number (this acts like
an operation code) and then the information that needs to be included inside the
corresponding NMEA message. The individual instruction formats are shown in the
following paragraphs.

4.1.1.1 Basic Instruction Format

Twenty-four different instructions have been defined in order to allow the user to
configure the configurable parameters of the various different NMEA messages used
in the project. The user can also view the current setting of these parameters and have
the option to reconfigure them. In addition, the user can select either the Ericsson or
Furuno protocol in the General Messages option (shown in Figure 4-19). Another
parameter “Coordinated Universal Time (UTC)” is the 22th parameter (shown in
Figure 4-26), this parameter is used to set the UTC time. Thistime is specified in the
format “YYMMDDhhmmss’. The parameters sent to the microcontroller control the
NMEA messages that will subsequently be sent to the RBS. Each of these parameters
will be explained below, in conjunction with each of the instructions that have been
implemented. The parameters (indicated in parenthesis after the NEMA command in
this sentence) have been group according to the NMEA message that they are
associated with: GPGSV (1, 2, 24), GPanc (3), GPGGA (4-10), GPGSA (11-12, 14-
16), GPppr (13, 18-19), GPsts (20-22).

4.1.1.2 GPGSV: Detailed satellite information

The GPGSV sentence contains information about the “ Satellites in View”. Each
GPGSV sentence can contain information about up to 4 satellites. There can be
several such sentences, each identified by a numeric sentence number. The format of
thisNEMA sentenceis:

$GPGSV, number_of satellites, sentence_number,
total_number_of satellites in_view, (satellite_PRN_number, elevation,
azimuth, SNR,);.4 * check _sum

The elevation and azimuth are given in degrees. The Signal to Noise Ratio (SNR)
isgivenin dB.

In order to set the parameters for this NEMA sentence 3 instructions are sent to
the GPS radio emulator. Each instruction is used to set one of the relevant parameters.
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The first instruction sets parameter 1. The 2 character string parameter carried by
this instruction configures the number of visible satellites for the GPGSV sentence.
The characters represent the ASCII encoding of this number. The format of this
instruction from the control interface is shown in Figure 4-3.
# 01 Number of Satellites
(2 chars)

Figure 4-3: Format of the instruction for Parameter 1: Number of satellites

The second instruction sets parameter 2. This instruction is used to manually
configure the information about each visible satellite. Here the acronym PRN means
"pseudo-random number” which represents the code that is used to modulate the L1
carrier (at 1575.42 MHz). A PRN code is assigned by the U. S. Air Force to a GPS
transmitter. The format of the instruction for setting this parameter is shown in Figure
4-4. In thisinstruction, information for up to 4 satellites can be sent by being repeated
and appended to the message. In addition if there are more than 4 visible satellites
then the sentence can be resent with the additional satellite information. There is
currently no option to remove or reconfigure parameters associated with a given
satellite, other than to re-initialize all information by either static or dynamic method.

02 | Satellite PRN ID Elevation Angle Bearing SNR
number (2 chars) (2 chars) Angle (3 (2 chars)
(2 chars) chars)

Figure 4-4: Format of the instruction for Parameter 2: satellite information for each visible
satellite

The next instruction sets parameter 24. This instruction is used to automatically
configure the information for each visible satellite. It deals with the same as described
above for manually configuring satellite information, however in this case the user is
using the option to program with dynamic satellite information. It has one extra field
to indicate the number of satellites used in tracking the receiver’s position.

# 24 Packet No Satellite Information for 16 satellites from three rows
(3 chars) containing IDs, Elevation Angle, Bearing Angle, SNR
(246 bytes)

Figure 4-5: Format of the instruction for Parameter 24: Automatic satellite information for each
visible satellite

4.1.1.3 PFEC, GPanc

The “PFEC, GPanc" NEMA sentence contains the almanac date and each
satellite's health condition. The almanac date indicates the time that the health
conditions for satellites has been recorded and is local date/time. The health of each of
up to 32 satellites is indicated as O=unknown, 1=unhealthy, and 2=healthy. This
health condition vector is sent with the instruction shown in Figure 4-6.

| # | 03 | Hedth Condition (32 chars) |

Figure 4-6: Parameter 3: Health conditions for 32 satellites

4.1.1.4 GPGGA: current Fix data

The GPGGA sentence provides the latest information about the 3D position of
each satellite. There are seven different instructions that are used to pass this
information to the GPS radio emulator. These instructions are shown in Figure 4-7 to
Figure 4-13.
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# 04 Degrees Minutes Separator | Fractional | Separator Direction
(2 chars) (2 chars) Minutes (Nor9)
00-90 00-59 0000-9999
Figure 4-7: Parameter 4: Configuring latitude for GPGGA
# 05 Degrees Minutes Separator | Fractional | Separator | Direction
(3 chars) (2 chars) . Minutes ") (NorS)
000-180 00-59 0000-9999

Figure 4-8: Parameter 5: Configuring longitude for GPGGA

# | 06 |

Status (1 char), 0,1,2

Figure 4-9: Parameter 6: Configuring GPS status for GPGGA

#

07

No of tracking satellites (2 char),

00-31

Figure 4-10: Parameter 7: Configuring number of tracking satellites used for positioning

| # | 08 | DOP(5chars) |
Figure 4-11 : Parameter 8: Configuring Dilution of Precision (DOP) for GPGGA

| # | 09 | Altitude (8 chars), -999.9-17999.9 |
Figure 4-12: Parameter 9: Configuring antenna altitude for GPGGA

| # | 10 | Altitude (6 chars), -999.9-9999.9 |
Figure 4-13: Parameter 10: Configuring Geoid altitude for GPGGA

41.1.5 GPGSA: GPS DOP and active satellites

For use in conjunction with the GPGSA sentence, there are six instructions to
configure the DOP and operation status of the satellites. These instructions are shown
in Figure 4-14 to Figure 4-18. In these Figures, instances of the character string
“XX.XX” represents the DOP in units of meters.

| # | 11 | Mode(M or’A) |
Figure 4-14: Parameter 11: Configuring operational mode for GPGSA

| # | 12 | Status(Lchar), 1,23 |
Figure 4-15: Parameter 12: Configuring positioning status for GPGSA

| # | 14 | PDOP(5char), XX.XX |
Figure 4-16: Parameter 14: Configuring PDOP for GPGSA
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| # | 15 | HDOP(5char), XX.XX |
Figure 4-17: Parameter 15: Configuring HDOP for GPGSA

| # | 16 | VDOP(5char), XX.XX |
Figure 4-18: Parameter 16: Configuring VDOP for GPGSA

4.1.1.6 Parameter 17 — selects which protocol suite will be used

The GPS radio emulator supports both Furuno and Ericsson specific GPS output.
This choiceis set with the instruction shown in Figure 4-19.
| # | 17 | Mode (1 char), O for Furuno, 1 for Ericsson |

Figure 4-19: Parameter 17: Protocol selection (Ericsson or Furuno)

4.1.1.7 GPppr: GPS Week, GPS Second and GPSS status

To set the parameters for GPS Week the 3 instructions shown in Figure 4-20 to
Figure 4-22 are used.
| # | 13 | GPSWeek (4 char) 0000-3182 |

Figure 4-20: Parameter 13: Configuring GPSS week

| # | 18 | GPS Second (6 char) 000000-604800 |

Figure 4-21: Parameter 18: Configuring GPSS Second

| # | 19 | Status(1char), 0= GPSlocked, 1 = Free running |
Figure 4-22: Parameter 19: Configuring GPSS status for GPppr

4.1.1.8 GPsts: state mode and position hold mode

There are three instructions to set the parameters associated with the NEMA GPsts
sentence. These instructions are shown in Figure 4-23 to Figure 4-27.

# 20 | State, 0 = Acquisition Mode, 1 = Survey Mode, 2 = Position-Hold Mode, 3=
Acquisition Mode (Position-Hold mode compl eted)

Figure 4-23: Parameter 20: Configuring state mode for GPsts

| # | 21 | Pmode, 0= P hold mode not disabled, 1 = P hold mode disabled
Figure 4-24: Parameter 21: Configuring position hold mode for GPsts

# 25 | AntennaPort Overload(1 char)
O for No overload
1 overload detected

Figure 4-25: Parameter 25: configuring Antenna port overload

# 22 Time (12 chars)
YYMMDDhhmmss

Figure 4-26: Parameter 22: Configuring UTC time

# 23 Mode (1 char)
1 for Dynamic Mode
0 for Static Mode

Figure 4-27: Parameter 23: Configuring GPGSV mode
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4.1.2 NMEA messages

This section describes the NMEA messages that have been implemented and
tested. A description of each message is given in the following subsubsections.

There are 2 types of proprietary sentences that are requires by the RBS, these
sentences are defined in Ericsson and Furuno protocol. These are different protocols
supported by GPSS which are defined in GPSS product specification. The Du will
identify the protocol used by the connected GPSS base on the received protocol
specific sentence. PFEC is an indication of Furuno protocol and PERC is an
indication of Ericsson protocol.

After the configuration messages are sent via the control interface to the
microcontroller, this information is stored in a number of data structures within the
microcontroller in order to later generate the associated NMEA messages. A total of 8
NMEA messages have been implemented, including some for the Ericsson and
Furuno proprietary protocols.

The various NMEA messages have different periodicities and should be generated
with this periodicity. A variable is associated with each type of message in order to
control its periodicity. This variable is incremented every second until it reaches a
value that is equal to a parameter associated with this type of message. Once the
requisite number of seconds has passed, this type of message will be generated and
the variable reset to 0. The upper limit of this parameter associated with each variable
can be set by editing and recompiling the source code.

4.1.2.1 Furuno Protocol

The user can select between the Furuno or Ericsson protocol via the control
interface. If the Furuno protocol is selected, then the GPS radio emulator will generate
the relevant Furuno messages, each of which starts with the string “#PFEC”. All
messages start with the start of sentence maker (“#’). When using the Furumo
protocol the GPS radio emulator will act as a source of synchronization for the DU
without receiving any setting up by the DU and should generate messages with their
corresponding periodicity. There are three specific types of messages that are
associated with the Furuno protocol: the NEMA GPtps, the GPanc, and the GPavp
messages. Each of these is described in further detail below. Messages that are
generated in Ericsson protocol are described in section 4.1.2.2. Messages that are
common to the Furuno and Ericsson protocols are described in section 4.1.2.3.

4.1.2.1.1 GPtps Generator

GPtps (Time and Pulse output) is a NMEA sentence which is sent from the

microcontroller to the RBS. It has the following different parts:

e Sentence type which is “PFEC, GPtps’ indicates the Furuno protocol and
GPtps.

e Current date/time indicates the current time, using UTC as the timing
standard.

e Time standard ID indicates the source of timing (as used for the previous
field) which is current date/time. In thisfield 1= RTC, 2 = GPStime, and 3 =
UTC time. RTC isabuilt-in real time clock, GPS time is used when the GPSS
is tracking GPS satellites but no UTC parameter has been collected. Findly,
UTC time is used when the GPSS is tracking GPS satellites and a UTC
parameter has been received. For thisthesis project thisfield is always set to 3.
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The 1pps availability field is used by the DU to check on the availability of the
1pps signal. If the value of thisfield is O this means no pulse will be sent after
the sentence, if the value is 1 then a pulse will be sent after the sentence. For
this thesis project the field will always be 1, as the emulator will always
generate a 1pps signal, which will be initiated after selecting the start button in
the control interface (and can be stopped by selecting the stop button).

GPSS Mode indicates the mode of the GPSS and the quality of the 1pps
signal. If this field is equa to 1, then the GPSS position has been estimated
and the jitter of the ppsiswithin 110 ns. At least four satellites are required in
order to estimate the position of the GPSS before the 1pps is output. If this
field is equal to 2, then the GPSS position has been fixed and the jitter of the
pps is within 40 ns and the 1pps signal is output if one or two satellites are
visible depending on the GPSS implementation of Timing Receiver
Autonomous Integrity Monitoring (TRAIM). The information for this field
can be set by using the information received from the RBS in GPset messages.
If Z1 isreceived from the RBS, GPSS Mode will set to 1 and if Z2 isreceived
from the RBS, GPSS mode will set to 2.

UTC leap second adjustment is used to show the predicted time and date of the
next UTC leap second. A leap second is required to be added to or subtracted
from UTC time when the earth’s rotation based time of day and atomic time
has a difference of one or more seconds [35].

UTC leap second, as mentioned above, if thisfield is equal to “+1” means that
1 second will be added to UTC, if it is “-1” means that 1 second will be
subtracted from the UTC, “00” means that no action will be taken which was
the value considered for this project.

UTC-GPS Time offset indicates the accumulated number of leap seconds in
UTC from the beginning of the operation of the GPS system.

UTC parameter date/time stamp indicates the last time the UTC parameters
were updated.

GPS week indicates the number of GPS weeks. This field is connected to the
GPS TOW (Time of Week) in which the seconds within a GPS week are
caculated. When this number of second reaches 604 799 seconds, the
maximum seconds allowed in one week, the GPS week number will increase.
GPS TOW will be used to calculate the seconds in GPS week. The maximum
number of seconds in one week is 604 799. This requires using a 32bit
variable to store this value, but the sprintf function on the microcontroller can
not be used with 32bit variables, hence two 16bit variables were used to solve
the problem.

The GPtps sentence has a periodicity of 1 second with length of 76 bytes. Figure

4-28 shows an example of a GPtps sentence [8, 9].

[ $ [ PFEC,GPtps

,94063012300

31,1 ,1],940701000000 | ,+1

,10

,940626120000 |

| ,0755 | ,390610 |

Figure 4-28: GPtps message format

" Although a leap second can be subtracted from UTC time, it has never actually
happened.
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4.1.2.1.2 GPanc Generator

GPanc (Almanac date and satellites' health) is a sentence that has the following

fields:

e Thesentencetypeis“PFEC, GPanc”.

e Almanac Date/Time indicates the local date and time which has the following
format: “YYMMDDhhmmss”.

e Health conditions. the health condition of 32 satellites can be defined in this
field by the user via the control interface: O indicates that the almanac is not
collected or that the satellite has not been launched, 1 indicates an unhealthy
satellite which cannot be used for positioning and 2 indicates a healthy
satellite which is usable for positioning.

Total length of this message is 59 bytes with periodicity of 49 seconds. Figure
4-29 shows an example of GPtps.

$ | PFEC,GPanc |,940630123000| ,22222200222222222222000000222221

Figure 4-29: Gpanc message format

4.1.2.1.3 GPtst Generator

GPtst (self-test) is a sentence which is sent from the microcontroller to the RBS in
order to check whether the GPint message works properly or not. It has a periodicity
of O which means that after receiving GPint message by the GPS receiver, GPtst will
generate and send to the RBS only onceA RBS that does not receive a
PeriodicPPSReport sentence, polls the GPSS for status information via the self-test
results message. This message has the following fields (which are shown in Figure
4-30):

¢ Field one contains the sentence type which is Pxxx,GPtst

e Field two is Testing Status in which O=Power-up testing complete and
1=Testing in progress

e Field three contains Program and Version number, the first 7 characters
indicate the program and the last 3 characters indicate the version.

e Field four contains the results of test 1, to indicate the result of the internal
test, 0 means there is no error and 1 means the almanac or some other data is
missing.

e Field five contains the result of test 2, which indicates the result of a vendor
specific internal test: 0 means there is no error and a value in the range hex “1”
to "f” indicates a manufacturer specific fault code. The manufacturer specific
fault codes indicates that GPSS is not able to operate as a synchronization
source.

Some dummy values were used to make the sentences, as this sentence is only
for test and the valuesin different field was not used for this project.

$ |PXXX,GPtst|,0],1234567123| ,0 |,0| <CR><LF>

Figure 4-30: GPtst message format
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4.1.2.2 Ericsson Protocol

Another NMEA message format is the Ericsson protocol. This protocol can be
selected by the user via the control interface. This protocol has a number of different
sentences and in this thesis only those sentences sent from the GPS to DU have been
implemented. If the user selects the Ericsson protocol then messages will start with
the string “#PERC”.

All messages start with a start of sentence marker “$”. A checksum is a mandatory
field for the Ericsson protocol. The checksum is computed based upon the XOR of the
whole sentence after the “$”.

Three sentences are unique to the Ericsson protocol; they are described in the
following paragraphs. Messages that are common to the Furuno and Ericsson
protocols are described in section 4.1.2.3.

4.1.2.2.1 GPppr Generator

GPppr (Periodic pps report) is one of the most important sentences in the Ericsson

protocol and the following fields:

e The sentencetypeis” PERC,GPppr”.

e The GPS TOW (Time of Week) field is used when calculating the number of
seconds in a GPS week. The number of seconds in one week is 604 799. As
noted earlier, this requires a 32bit variable to store it, but as mentioned
previously the sprintf function can not be used with 32 bit variables, so two
16bit variables were used to solve the problem. This value is valid if the GPS
status is “GPS LOCKED” or “Free Running. A further explanation of these
two modes will be discussed in conjunction with the GPS status field below.

e The GPS Week field indicates the number of GPS weeks since the start of the
operations of the GPS system. This value is valid if the GPS status is “GPS
LOCKED” or “Free Running”. The number of weeks ranges between 000 000
and 65 535.

e The GPS TOW Standard Deviation field indicates the standard deviation of
GPS TOW from UTC, which has been set to 50ns rms for the project, asit is
the value when using the real GPS receiver for RBS synchronization.

e Thefield “GPS used satellites” indicates the number of satellites which were
used to calculate the GPS TOW and GPS week. This value is configurable and
can be selected by using the control interface. This field is valid if the GPS
receiver is up and running.

e The field GPS Status shows the status of the GPS receiver. This field is user
configurable. A value of O indicates “GPS Locked” indicating that GPS is
working as a source of timing for the GPSS, as there are a sufficient number of
GPS satellites. A value of 1 indicates “Free running”. This value indicates that
GPS reception is lost, hence could not be used as a source of timing. A value
of 2 indicates “BTS Referenced Time”. This value indicates that GPS
information cannot be used as a source of timing as there are not a sufficient
number of GPS satellites being received; however the RBS (internal) reference
clock can be used as a timing source. A value of 3 indicates “pps not
synchronized” meaning that there is neither enough GPS satellites nor can the
RBS (internal) reference clock be used as a timing source. This field is user
configurable.
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e Thefield GPS Faulty is used to indicate whether the GPS receiver is working
properly or not. A value of O indicates that the GPS receiver is working
properly and no fault has been detected, while a value of 1 indicates that an
internal failure of the receiver has been detected. The value of this field
considered O for this project.

The total length of this message is 42 bytes. This sentence has periodicity of 1
second. Figure 4-31 shows an example of a GPppr sentence.

$ | PERC,GPppr | ,322768 | ,01025|,00034|,06 | ,0|,0|*F4

Figure 4-31: GPppr message format

4.1.2.2.2 GPsts Generator

GPsts (GPSS Status) is part of the Ericsson protocol. This sentence includes a
checksum which is calculated using an XOR over the whole sentence following the
“$”. This sentence has the following fields:

e The sentencetypeis“PERC,GPsts’.

e The field “1pps state machine mode” indicates one of four different modes.
Mode 0 is “acquisition mode” in which the GPSS is searching to find enough
satellites to calculate both timing and position information. In this mode no 1
pps signal is output. Mode 1 is “survey mode’ during which the GPSS has
found a sufficient number of satellites and is outputting thelpps, position, and
time information. Mode 2 is “position hold mode” during which the GPSS
improves its timing information (making it more precise). In this mode the
GPSS outputs the 1 pps signal and position information. Mode 3 is
“acquisition mode (position hold mode completed)”. In this mode the GPSS
has lost communication with the satellites and will not output any 1 pps signal.
This field is a configurable field in this thesis project. By default the GPSS
tries to reach the position hold mode state (which is 2). Note that in the context
of this thesis when we refer to the GPSS, we are referring to our GPS receiver
emulator.

e The field “Position hold mode disable” has 2 different modes. Mode O means
position hold mode is not disabled, therefore GPSS can switch to this Position
hold mode, while mode 1 means it is disabled and GPSS can not switch to
Position hold mode.

e The field “Antenna port overload status’ indicates the status of the antenna,
whether it is overloaded (1) or not overloaded (0). Thisfield is configurable by
the user viathe control interface.

e The “GPSS capability” field indicates which protocols (Furuno, Ericsson, A-
GPS server, A-GPS client’) are supported by the GPSS. The field contains a
vector of values, one per protocol in the other stated in the previous sentence
in this paragraph. A value of 0 means that the capability for the protocol is
supported, a value of 1 means that the capability is not supported, and a value

Aided or Assisted GPS which is known as A-GPS too. A-GPs is a system that
improve the performance of the GPS receiver in terms of positioning solution by the
help of information from reference network. It is caled A-GPS client when it
imports the parameters from an external source via the DU and A-GPS server when
it exports the parameters viathe DU [36].
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of 2 means that the capability is supported by the GPSS but not supported by
the intermediate nodes. The value of thisfield considered 1111.

This message does not have a fixed length as the GPSS capability length is
variable and is generated every second. Figure 4-32 shows an example of a GPsts
sentence.

$ | PERC,GPsts 1, 0, 0, | 1111, *hh
Figure 4-32: GPsts message format

4.1.2.2.3 GPavp Generator

GPavp (GPSS Averaged Position) this message is used by the GPSS to report the
position value used in Position-Hold mode. It also includes a checksum which is
calculated based on an XOR over the whole sentence after the“$”.

The sentence typeis“PERC, GPavp”.

The Latitude field is a geographic coordinate that can be used with other
parameters such as longitude and altitude to define the position of point on the
earth, it defines the north-south position of the point, and includes the
following sub fields. degrees (000 to 180), minutes (00 to 59), fractional
minutes (0000 to 9999), direction (E or W)[37]. This field is configurable by
the user.

The Longitude field is a geographic coordinate that defines the east-west
position of the point on the earth and includes the following sub fields:
degrees (00 to 90), minutes (00 to 59), fractional minutes (0000 to 9999),
direction (N or §)[37]. Thisfield is configurable by the user.

The Altitude filed is used to define the height of a point above the sea level, it
has a value range (-00999.9 to 017999.9)[38]. Thisfield is configurable by the
user.

The Unit of dtitude field identifies the unit to be used to measure altitude.
This unit is usually meters, therefore in this thesis this field will always be
“M”.

Figure 4-33 shows an example of a GPavp sentence.
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4.1.2.3 Both Furuno and Ericsson Protocol

In addition to the messages unique to the Furuno and Ericsson protocols, both
protocols also have a number of messages in common. These are described in the
paragraphs below.

4.1.2.3.1 GPGSV Generator

GPGSV (GNSS Satellites in View) is sent to indicate the number of visible

satellites and their details. This message has a periodicity of 59 seconds.

e The sentencetypeis“GPGSV”.

e The “Tota number of sentences’ field indicates the number of sentences
which will be sent in a sentence sequence. This field has a value in the range
from1to 3.

e The “Sentence number” field indicates which sentence is the current sentence
in relation to the sentence sequence. This field has a value in the range from 1
to 9.

e The “Total number of satellites in view” field indicates the total number of
satellites. In thisthesis project this value is entered by the user viathe GUI and
then transferred to the emulator. This field has a value in the range from 0 to
32.

e The “First satellite” field contains the information for a maximum of four
satellites, as information associated with a maximum of four satellites can be
sent in each sentence. This field contains sub fields with information for each
satellite. These sub fields are: (1.) Satellite vehicle number: which indicates
the satellite id (01-31), (2.) Elevation angle: to a point is an angle in clockwise
from the horizontal line with value range 5 to 90, (3.) Bearing angle: to a point
is an angle in clockwise from the vertical line with value range O to 359, and
(4.) SNR: which is signal to noise ratio and defines the ratio of signal to noise,
having avalue range from O to 99[39, 40].

e The"Second satellite” field has same data fields as the first satellite.

e The“Third satellite” field has same datafields as the first satellite.

e The"“Fourth satellite” field has same data fields as the first satellite.

As mentioned above, the GPGSV sentence is used to indicate the number of
visible satellites and additional information about each of these satellites. The number
of visible satellites can be defined by the user via the control interface. After
specifying this number, the user should fill in the additional information associated
with each satellite (satellite vehicle number, elevation angle, bearing angle, and SNR).
This information will then be sent to the microcontroller so a dynamic instruction
code is needed in order to handle a varying number of satellites. In addition, the
length of the sentence is also dynamic as the number of satellites whose information is
being transferred varies, hence the total length of the message will vary. Figure 4-34
shows an example of a GPGSV sentence with four satellites.

[$] 6PGsv | 2 [1],06],1],01,05254,56 | ,04,11,223,44 | ,01,75,088,32 | ,01,42,234,48 |
Figure 4-34: GPGSV message format
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4.1.2.3.2 GPGGA Generator

GPGGA (GPS Fix Data) is a sentence which is sent every 60 seconds in both the
Ericsson and Furuno protocol. This sentence is used for sending positioning
information. It has some optional fields such as DGPS data time and DGPS station
ID; however these fields were not implemented in this thesis project, as this data and
isoptional was not necessary for the RBS.

The sentence type is“GPGGA” .

The UTC field contains the UTC time including hours, minutes, and seconds.
The value for this field is set through the control interface to the
microcontroller.

The Latitude field is same as defined for GPavp (see Section 4.1.2.2.3).

The Longitude field is same as defined for GPavp (see Section 4.1.2.2.3).

The Status field indicates the positioning status. The value “0” indicates that
positioning has not started yet, the value “1” it means that standalone GPS
positioning is used, and “2” indicates that Differential GPS positioning” is
used [41, 42]. Thisfield is configurable by the user.

Number of satellites used for positioning, with the value ranging from O to 8.
The DOP (Dilution of precision) field describes the reduction in precision due
to only having a limited number of satellites available and that these satellites
are close to each other in the sky. At least four satellites are needed for
positioning and timing calculation. If these satellites are far from each other,
then a good position fix can be achieved; but when these four satellites are
close to each other, then the position fix might not be so accurate and this is
described by the DOP vaue. The value of DOP will be used to multiply the
“errors associated with satellite and receiver clocks, the atmosphere, satellite
orbits, and the environmental conditions that lead to multipath errors’. In the
best caseis DOP is equal to 1[43, 44, 45]. Thisfield is configurable field.

The Altitude field is same as defined for GPavp (see Section 4.1.2.2.3).

The Unit of Altitude field is same as defined for GPavp (see Section
4.1.2.2.3).

The Geoid of Altitude field has a range from -999.9 to 9999.9. This is a
configurable field that can be set by the user.

The Unit of geoid atitude field is always meters and is shown as the value
“M”.

The length of the message is 73 bytes. Figure 4-35 shows an example of a
GPGGA sentence.

| $| GPGGA | ,123456 | ,3444.0000,N | ,13521.0000E | ,1 | ,04 |,02.00 | ,0001230] M

| 00360 | M | 13 | 0001 |

Figure 4-35: GPGGA message format

" Differentia GPS positioning provides more accuracy by using an extra reference
receiver and remove some errors by finding the correlation between errors but
standal one GPS positioning has only one GPS receiver.
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4.1.2.3.3 GPGSA Generator

The GPGSA (GNSS DOP and active satellites) sentence is used to transmit
positioning information. This sentence is sent for both Furuno and Ericsson protocol
and has a periodicity equal to 53 seconds with length of 33 bytes. All the fields in this
m&s&age are configurable by the user.

The sentence type is“GPGSA”.

e The Operational mode field indicates one of two operational modes. “M”
which is 2D mode only and “A” indicating a switch between 2D and 3D
modes which is a configurable field by the user [40].

e The “Positioning status’ field has 3 different modes, “1” means that the
delivery of positioning data was interrupted, “2” means 2D positioning, and
“3” means 3D positioning and can be configured by the user via the control
interface.

e The field “Satellite numbers used for positioning” indicates the number of
GPS satellites used for positioning and has a value ranging from 0 to 3.

e The fields PDOP (Positional DOP), HDOP (Horizontal DOP), and VDOP
(Vertical DOP) can be calculated by considering the mask angle between the
GPS receiver and the geometry of the visible satellites which are configurable
fieldsin this project [46].

Figure 4-36 shows an example of a GPGSA sentence.
$|GPGSA| ,A | ,3,01],02.00|,03.00|,04.00

Figure 4-36: GPGSA message format

4.1.3 Transferring NMEA messages to the RBS

NMEA messages are emitted following the 1pps signal. This means that after the
1pps event, a single NMEA message is sent. As noted above it is possible to define
specific periodicities for each of the different types of NMEA messages.

4.1.4 Control over sending NMEA messages

Microsoft Visual C# was used to develop the user interface application that runs
on a PC. Programming of the microcontroller was done using C. The C code
implementing two messages generated by the microcontroller can be found in the
appendix A, while part of the code for the user interface is included in appendix B.

" As mentioned before, we need at least 3 satellites for positioning, if only 3 satellites
used for positioning thisis called 2D position fix and if 4 or more satellites used for
positioning it is called 3D position fix.
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Thereisafunction to start and stop the simulator viathe control interface. In order
to start and stop the GPS emulator, two different modes were implemented:
configuration mode and norma mode. During configuration mode the user can
configure various parameters via the control interface, in this mode no data is sent to
RBS and no 1pps signals will be generated. After configuration the user presses the
“start” button on the control interface, then the GPS emulator will enter normal mode.
In this mode 1pps signals and NMEA messages will be generated and sent to the RBS
with their configured periodicities. In normal mode the user is unable to perform any
configuration. If the user wishes to switch to the configuration mode, they must press
a“change mode” switch on the STK development board. Code has been implemented
within the microcontroller to look for switch 4 (SW4) being pushed, this button is the
fourth button on the left side of the board when the Atmel AVR logo is facing up.
After this button is pressed the software disables the 1pps and NMEA message
generation and then returns to configuration mode. Another mode was added to
program. Thismode is called “ Test Mode”. NMEA messages will be transferred from
the microcontroller to the RBS every 100ms rather than one per second and messages
will be generated based on their periodicity and independent from 1 pps. This mode
was implemented to check the periodicity and correctness of the sentences in shorter
time and can be chosen by pressing the same switch 2 times when the device is in
“Normal mode” and pressing once if the device isin “ Configuration mode”.

It is possible to distinguish the mode based on LED1 and LED 2 (second and third
LED on the left side of the board when the Atmel AVR logo is facing up) on the
board as well. Both LEDs off is an indication of “Normal mode”, LED 1 on is an
indication of “Configuration mode” and LEDZ2 on isan indication of “Test mode”.

The instruction format has no signal termination character at the end of the
instruction. This puts responsibility on the control interface to send the messages
using the correct format and with the exact message length. The control interface has
been designed to check user inputted parameters against the allowed parameter
ranges. This has the advantage of performing a data integrity check before
transmission, as is shown in detail in section 4.2.

4.1.5 Receiving information from RBS

Two sentences (GPset and GPint) are sent from the RBS to the microcontroller.
These sentences will affect the corresponding parameters in subsequent NMEA
messages. A description of these messagesis given in paragraphs 4.1.5.1 and 4.1.5.2.

4151 GPset

PFEC,GPset (s) is a sentence which is sent by the DU to a GPS receiver. This
sentence is responsible for setting the GPS receiver’s parameters, including Antenna
atitude in GPavp and GPSS mode in the GPtps message. This sentence includes the
following parts:

e The sentencetypeis”PFEC, GPset”

e The field “Receiver Parameter Definition” consists of one or more parameter

definitions (shown in



Table 4-1).
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Table 4-1: GPset sentence parameters

Parameter Range Configured Sentence
Z<nn> Position Mode
Z1 Estimated Observation Point (“survey”)
z2 Fixed Observation Point
(“position hold™)
H<nnnnnn.n> H-00999.9 to Altitude for 2D positioning in meters
H017999.9
GGA<nn> GGAO00-GGA60 GPGGA

The decoder looks for the '$' sign to initiate the decoding process and a carriage
return ‘\r’ to signal the end of the message. Once the decoding starts, the decoder
compares the next 10 characters with “PFEC,GPset”. If this comparison comes out to
be true, then the decoder checks the rest of parameters and changes the corresponding
variables (GPtps mode and Antenna altitude). Figure 4-37 shows an example of a
GPset sentence.

$| PFEC,GPset | ,Z1 ,H000321.3 | <CR><LF>

Figure 4-37: GPset sentence example

4152 GPint

PFEC,GPint is responsible for setting up the periods of each sentence. The same
steps for generating the message in GPset are used for generating this sentence. The
sentences whose generation periods can be configured in this system are shown in
Table 4-2.

The GPSS is required to support this sentence if the default value for the output
interval differsfor one or more of the supported GPSS to RBS sentences.

A sentence interval definition of zero indicates that the corresponding sentence
should be output once after the Request Output sentence is received and then the
output of the corresponding sentence is disabled.

Table 4-2: GPint sentence parameters

Parameter Range Configured
Sentence
tps<nn> tps00-tps60 GPtps
anc<nn> anc00-anc60 GPanc
GGA<nn> GGA00-GGA6GO GPGGA
GSA<nn> GSA00-GSA6B0 GPGSA
GSvV<nn> GSV00-GSV60 GPGSV
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4.2 Control Interface

In the sentences, which are sent from the microcontroller to the base station, there
are some parameters which were configured by the user. These parameters are
configured using a graphical user interface (GUI). Figure 4-38 shows this GUI. Using
this GUI, the user configures the different parameters and when the user pushes the
“Configure” button these parameters are sent to the microcontroller as a series of
instructions. The details of using the GUI to configure the GPS emulator are described
in the next paragraphs.

GPGSV Messages 8. DOP (5 Characters) GPsts Messages

1. Number of visible satellites (1-51) . 17. State Mode (0,1,2.3 - 1 Charzcter)
T 9. Antenna Altitude (008598017552 9

2. Information for visible satellites 18. Position-Hold mode disable (0.
10. Geoid Altitude (-959.5 52952
Enter Positioning Data ‘ | Program Memory
19. Antenna Port Overload (0.1
Static Satellites Information Dynamic Satellites Information GPGSA h[essages
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Figure 4-38: GPS receiver emulator GUI

As was shown in Figure 4-38, the first configurable parameter is for the GPGSV
messages. As shown in the figure, by using parameter 2 the user has two options to
configure the information for visible satellites. One option is to configure the
satellites information manually and the other option is to configure the satellites
information automatically. If the user chooses to configure the information manually,
this opens a new window named “Manual Satellites Information”. This window is
shown in Figure 4-39. Based on the values entered as parameter 1 in the “Number of
visible satellites’ box shown in the previous figure, different numbers of satellites will
be shown in the Manual Satellite Information form.
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Manual Satellites Info_

1-3 590 0-359 0-39 . 1-3 590 0-359 0-99
Satellite 1: Satellite 7:
131 5950 0-359 0-99 131 550 0359 0-99
Satellite 2: Satellite 8:
[ 1-3 590 0-359 0-99 . 1-3 590 0-359 0-99
Satellite 3: Satellite 9:
L
131 590 0359 0-39 . 1-3 590 0-359 0-99
[ Satellite 4: Satellite 10:
| 131 550 0359 0-99 . 1-3 590 0359 0-99
Satellite 5: Satellite 11:
]
[l . 131 550 0-359 0-99 . 1-3 590 0-359 0-99
Satellite 6: Satellite 12:
|
'

Figure 4-39: Manual Satellite Information

The GUI has been designed so that it is not possible to configure the information
manually without entering a valid value in the “Number of visible satellites’ field,
thus if the user attempts to manually configure the satellites’ information without a
valid number of satellites, then an error message indicating “Please first fill in the
Number of visible satellites field” will be shown (as shown in Figure 4-40).

[ =HioEex]

GPGSV Messages

1. Number of visible satellites (1.31)

2. Information for visible satellites

3. Health Conditions (0 or 1o 2 - 32 Characters)

8. DOP (5 Characters|

9. Antenna Altitude (-00999.2.017392.9)

10. Geoid Altitude (593 9.9202.9

11. Operational Mode (0 or 2.

12. Positioning Status (1.2.3 - 1 Character)

7. GPS Status (0 or 1 or 2 - 1 Chasacter)

16. GPSS Status (0.1, 2.3

GPsts Messages

17. State Mode (0,1.2.3 - 1 Character

18. Position-Hold mode disable (0.1

[Emrr Positioning Data ] l Program Memory

19. Antenna Port Overload (0.1
(©) Static Satellites Information () Dynamic Satellites Information GPGSA Messages
GPanc Message General Messages

20. Protocol Selection

) Furano Protocel

() Ericsson Protocol
GPGGA Messages 21.UTC
"] Enteting UTC Marmally
4. Number of tracking satellites (1-31) Please first fill in the Number of visible satellites field ¥YY MM DD HH MM 8

5. Latitude [ Getting UTC from laptop automatically
0-50 0-39 0-8999 Nors 22. ComNum
2
6. Longitude
0-180 0-39 0-9989 EorW GPPPI’ n{essage I s = I [ e I

Not Connected

Figure 4-40: Error indicating that the user needs to fill in the Number of Visible satellite field
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Conversely, if the user wants to automatically configure the information for the
visible satellites, the user should press the “Fetching automatically” button. Pressing
this button opens a new window named “Automatic Satellites Information” as it is
shown in Figure 4-41. This window alows the user to select a file containing the
satellites information.

Automatic Satellites Information

Browse

Start programming the memory with the selected file?

i Yes No i

Figure 4-41: Automatic Satellites Information

This automatic option was added to give the user the ability to use different
satellite information for testing purposes. We created a text file containing
information about 16 satellites. It is necessary to carefully format of the data in this
text file. The text file should contain 1440 rows, with each row containing the data for
one minute of the day. Each row is terminated by a new line character. Each row
contains 164 characters without any separators. The first two characters indicate the
total number of satellites visible to the GPS receiver (emulator), followed by two
characters indicating the satellites to be used for position tracking. The next 10
characters contain the positioning information for a satellite (the first two characters
contain the satellite’s ID, the next two its elevation angle, the following four contain
the Bearing Angle, and the last two contain the Signal to Noise ratio for this satellite).
This format of 10 charactersis then repeated 15 more times to provide the data for all
16 satellites. An example of arow for two satellites is shown below in Table 4-3, the
same sample will be repeated for the rest of satellites and for the rest of text file.

Table 4-3. An example of a line in the text file containing information for two satellites

Number Number | Satellit | Elevatio | Bearin | SNR Satellit | Elevatio | Bearin | SNR
of visible | of elD nangle gangle | (2 elD n angle gangle | (2
satellites | satellites | (2 (2char) | (4 char) (2 (2char) | (4 char)
(2 char) used for | char) char) char) char)

tracking

(2 char)
09 08 02 11 0131 |44 04 23 0099 |46
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The memory connected to the microcontroller is 1 M-bitsin size. Unfortunately, it
is not possible to directly store 1440 rows of 144 characters in this memory, as this
would be 1.62 Mbits and this exceeds the (1 M-hits) storage space of the memory.
There are two potentia solutions for this problem: (1) to use a larger memory device
or (2) to compress this data. We chose the second option, thus we compress the data
from the GUI before sending it to the microcontroller. Therefore, rather than
transmitting the data as ASCII character, which would occupy one byte (8 bits) for
each character, each character is converted into its decimal value. For example, the
ASCII value of ‘1’ is 49. We subtract the decimal value of the ASCII character for
“0” (48) from this value to get 1. This compression process halves the amount of the
data by converting two ASCII characters (two bytes) into one byte. Each set of two
ASCII characters are converted into a decimal value. The most significant decimal
digit is multiplied by 10 and then added to the least significant decimal. For example,
instead of sending the string “33” in ASCII we encode this value and send the single
ASCII character “!” (asthis has a decimal value of 33).

The user must first connect the computer that they are using to run the GUI to the
correct seria port in order to be able to press the “Fetching automatically” button
(The details of doing this are described in conjunction with parameter 21). If the user
tries to press the button without connecting to a serial port, an error indicating “Error,
first connect to the serial port and then try again!” will alert the user to this problem.
Note that unlike the manual configuration process, the automatic configuration of the
satellite information is immediately sent to the microcontroller. This was done to
reduce the complexity of the code written in C# for the control interface. The
information will be sent after selecting the “Yes’ button in the “Automatic Satellite
Information Form” instead of sending this information to the main “GPS Emulator
Form” and sending the information onto the microcontroller after selecting the “ Start”
button.

If the user selects the manual configuration option, after filling in the satellite
information for each visible satellite using the “Entering manually” window, the
“OK” button should be pressed. This information will be saved and subsequently
encoded & sent to the microcontroller at the conclusion of the configuration process.
After pressing the “OK” button the GUI returns to the “GPS Emulator” form. If the
user selects the automatic configuration option, after choosing the file and selecting
the “Yes’ button in the “ Fetching automatically” window, it immediately encoded the
data and starts sending the information to the serial port (connect the microprocessor’s
UART), the data is stored in the memory by the microprocessor using its SPI”
interface to the memory device. A progress bar shows the transfer progress (as shown
in Figure 4-42 ). The text above the progress bar shows “Programming the Memory
Mode” which will change to “Programming the Memory is Done” when data transfer
has finished. Note that this information will remain in this memory device until it is
explicitly replaced by other data by the user.

The user next selects whether the GPS receiver emulator should use “Static
Satellites Information” or “Dynamic Satellites Information”. This informs the
microcontroller which information it should use, thus eliminating the need to program
the memory every time with the same data contained in the text file.

" Serial Programming Interface
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Figure 4-42: Progress bar indicating the progress of programming

After filling in all of the information for the different messages the user needs to
explicitly select the COM (communications) port number of the serial port of the
computer where they are running the GUI. This serial port must be the serial port that
the user has connected to the GPS receiver emulator’s serial port. The user makes this
selection by using the ComNum option to connect to the correct seria port of the
control computer. After the user presses the “Connect” button the GUI will switch
from “Not Connected” state to the “Normal mode” state. At this point the user needs
to press switch 4 (the fourth button on the left side of the board when the Atmel AVR
logo is right side up) on the STK 500 board; this will switch the microcontroller to
“Configuration mode’. Now the user can send the configuration information to the
microcontroller.

The last step isto start the emulator by pressing the start button of the GUI. After
the user presses the start button, the microcontroller will start sending 1pps signals
and NEMA messages to the RBS.

421 GUI features

Each text box has a defined input value range which is shown in gray text above
the text box. If user enters values that are not in the allowed input value range, an
error message will pop up. For example in Figure 4-43, the user entered 35 for the
“Number of visible satellites” which is limited to a value in the range from 1 to 31,
thus a message box indicating “Input out of range” will alert the user.
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GPGSYV Messages

1. Number of visible satellites (1-31)
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Not Connected

Figure 4-43: Error indicating input out of range

If a given text box only accepts numbers (i.e. the parameter is limited to a
numerical value), then if the user enters some other character an error message will
alert the user, as shown in Figure 4-44.
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Figure 4-44: Error indicating Enter numbers only
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Some text boxes are limited to specific values For example, the field for the
operational mode of the GPGSV messages will only accept the values: “m”, “a’, “M”,
or “A”, therefore other input values will generate an alert message to the user.

If the user does not enter any configure information for a given message, then the
associated message will not be sent to the microcontroller.

The GUI internal software adds “#” as a start of instruction marker and a numeric
identifier to the sentences which are sent to the microcontroller. In this way the
microcontroller will know which parameter should be updated.

4.2.2 Serial Port features

If the user isin “Normal Mode” and wants to start the GPS receiver emulator, a
message box will alert the user, “Error: The device is not in configuration mode.
Please turn on the configuration switch on the device.”

After selecting the ComNum and pressing the “Connect” button, the control
interface software will set the baud rate to 9600 baud (which is the baud rate expected
by the microcontroller).

If the user tries to connect to a COM port which is already open, a message box
indicating “Error: Port Already opened.” will pop up as shown in Figure 4-45[47].

EE—— W

GPGSYV Messages 8. DOP (5 Chacacters GPsts Messages
1. Number of visible satellites (151 . 17. State Mode (0,123 - 1 Chasacter
9. Antenna Altitnde (00992 9017952 3
2. Information for visible satellites L 18. Position-Hold mode disable (0.1
10. Geoid Altinde (592 53952 2
Eanter Positioning Data I [ Program Memory
19. Antenna Port Overload (0.1
Static Satellites Information Dynamic Satellites Information GPGSA Mess ages
GPanc Message 11. Operational Mode (2 o= & frnsiatiiesas s
3. Health Conditions (0 oc 1 or 2 - 32 Charactars SRREE B
o () Furune Protocol
12. Positiomng Status (1.2.3 - | Character
Ericsson Protocol
GPGGA Messages GLLLe
|| Entering UTC Manually
4. Number of tracking satellites (1-31 Error: Port Already Opened Y MM DD HH MM 88
5 Tatinde o || Getting UTC from laptop automatically
090 0-39 0-9999 22. ComNum
coMz - [ Comnect |
6. Longitude
S Bl LBl sl GPppr Message Configure | | stn |
7. GPS Status (0 or 1 or 2 - 1 Character) 16. GPSS Stams (0,1, 2.3 Not Connected

Figure 4-45: Error indicating port is already open

4.2.3 Code description

After selecting the “ComNum” and pressing the “Connect” button, the baud rate
will be set and the serial port will be open. The GUI will send a“*” character to the
seria port. As previously discussed, the user will be aerted if the port number is
already in use by some other application or if the port is already open. The serial port
will be closed if the user presses the “ Disconnect button”.
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After the user has entered al of the desired information into the form and pressed
the “Configure’ button, then the GUI software will check whether it is in
configuration mode or not. If it isin configuration mode, then it will check the serid
port. If the serial port is open it will start to send instructions to the microcontroller. 1f
the port is closed, the GUI will show an error “Port not connected. Please connect and
try again”. If the microcontroller is not in the configuration mode (for example, itisin
Norma mode) then the GUI will show another alert, “Error: The device is not in
configuration mode. Please turn on the configuration switch in the device.”

In order for the control interface GUI to successfully communicate with the
microcontroller, we utilize a handshake protocol between the microcontroller and the
control interface application. After pressing the “Connect” button the GUI sends the
character **’ to the selected serial port, if the microcontroller sends a‘*’ in response
then the connection will go into “Configuration mode”’ in which the user can start the
configuration process by pressing the “Configure” button. If the microcontroller sends
a‘’’, then the GUI will go into "Normal Mode".

When the “ Start” button is pressed the GUI sends “@” to the microcontroller, this
starts communication with the RBS, after the GUI receives a “@” from the
microcontroller it will change the “Start” button text to “Stop” to enable the GUI user
to control the emulator. If the user presses the “ Stop” button, a“/” will be sent to the
microcontroller from the GUI, this will stop messages being sent from the emulator to
the RBS, The ideafor the handshake came from [48]. This process is shown in Figure
4-46.
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Figure 4-46: the first handshake between the microcontroller and control interface

In addition to the above handshake protocol, another handshake is used for
transferring information when programming the memory device. In this case the GUI
will send a “&” to the microcontroller and after receiving a “&” back from the
microcontroller the software goes into “Programming the Memory Mode’ and sends
the first three rows of the file. After sending three rows it waits to receive a“ %" from
the microcontroller. When it receives this character it will send the next three rows,
and will continue until it has transferred all of rows and received a “!” from the
microcontroller, When programming of the memory is complete a notice will be
displayed by the GUI saying “Programming the Memory is Done!”. This process is
shown in Figure 4-47. Three rows are sent at atime go in order to efficiently use the
memory, as each memory page is 264 bytes and each row is 82 bytes, so by sending
three rows we are place 246 bytes of data in each page of memory. This make the
process of programming the memory easier and faster as we do not have to use offsets
to find the memory page that was programmed before and the programming involves
less addressing.
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Figure 4-47: Handshake for programming the memory

Another mode was added to program. This mode is called “Test Mode’. When a
“?" is received by the microcontroller, NMEA messages will be transferred from the
microcontroller to the RBS every 100ms rather than one per second, thisis 10 times
faster than Norma Mode.

4.3 Pulse per Second Generator

As mentioned previousy, one of the goals of this project is to provide
synchronization between RBS. The highly precise 1pps signa indicates when a new
second occurs. However, because 1pps is only a signal and does not have any
additional timing information the current date and time information is provided by the
NMEA messages. The 1pps signal is also fed to the microcontroller to trigger it to
emit NMEA messages [49].

Several different methods could be used to provide the 1pps signal and timing
information to the RBS. However, because the frequency stability of the 1pps is
critically important in this application we decided to use a Altera MAX Il CPLD to
generate the 1pps signal. A very precise 10MHz signal is input to the CPLD. This 10
MHz signal is provided by a Stanford Research Systems SR625 rubidium stabilized
frequency counter which is said by the manufacturer to guarantee “excellent short-
term stability and low long-term drift” [50].
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The CPLD takes this 10MHz input and generates the 1pps output. The accuracy
and jitter of this 1pps signal is dependent on the master clock and this accuracy could
be improved by using a different stable frequency source. The CPLD will generate
pulses only when enabled by the microcontroller.
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5 Analysis

This chapter will examine the results of our implementation. This is done by first
examining that the correct NMEA messages are output (see section 5.1). Next we
examine the 1pps signal in section 5.2. The whole system is examined in section 5.3.
Finally the emulator was tested with areal RBS (see section 5.4).

5.1 Outputting NMEA message

To test that the microcontroller works properly and that it generates the desired
NMEA messages with the proper timing, a debugging tool for serial communication
was used. In this case SSCOM3.2 [51] was used. Figure 5-1 shows the different
messages that have been sent - as intercepted on the seria line between the emulator
and the RBS. In the figure it can be seen that different messages are sent with
different periodicities. For example GPtps sentences have been tested with the
periodicity of 3 sec and are shown with red square.

i SSCOM3.2 (Author: NieXiacMeng . httpi/fwww.mcuS1l.com, Email: meu52.. = | B |
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SPFEC,GPtps,1201010004[8,2,1,2,1211228000000,00,15,110808235109,1608,604275
SPFEC,GPtps,1201010001[8]2,1,2,131128000000,00,15,110808235109,1698,604278 I
SPFEC,GPtps,120101000121,2,1,2,131128000000,00,15,110802235109, 1698604281
SPFEC,GPtps,1201010001242,1,2,131128000000,00,15,110808235109,1698,604284
SPFEC,GPtps,120101000127,3,1,2,131128000000,00,15,110808235109,1698,604287
SPFEC,GPanc, 120101000128 22222211122200011122211101022212
SPFEC,GPtps,1201010001B0l3,1,2,131125000000,00,15,110808235109,1698,604290
SPFEC,GPanc,120101000131,22222211122200011122211101022212
SPFEC,GPtps,1201010001E3]3,1,2,131128000000,00,15,110808235109,1698,604293
SPFEC,GPanc, 120101000133 22222211122200011122211101022212
SPFEC,GPtps,1201010001363,1,2,131128000000,00,15,110808235109,1698,604296
EC,GPanc,120101000133,22222211122200011122211101022212
SPFEC,GPanc, 120101000137 22222211122200011122211101022212
SPFEC,GPtps,120101000392,1,2,131123000000,00,15,110808235109,1698,604299
SPFEC,GPanc, 120101000139 22222211122200011122211101022212
SGPGEV,3,1,12,01,05,005,72,02,10,020,72,03,15,035 72,04, 20,050,72
$GPGEV,3,212,05,25,065,72,06,320,080,72,07,35,095 72,08 40 110,72
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SPFEC,GPanc, 120101000147 22222211122200011122211101022212
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Figure 5-1: Using SSCOM3.2 to observe the generated NMEA messages that are being sent to the
RBS

Unfortunately, this only shows that the correct messages are being generated and
that the ratio of the messages is what they should be according to the periodicities of
the different messages. To see that the messages have the proper timing we must use a
monitor that timestamps the start of when each line of output is generated. This
testing using the VEE Pro software, is described in section 5.3.
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5.2 1 pulse per second test result

The generated 1pps was tested in Ericsson’s Vera lab in Kista by using a time
interval analyzer (Hewlett Packard E12725B). The results of this testing show 341
(peak to peak deviation) 66.11 ps rms* phase noise over a period of 10 minutes, and
89.3 ps rms frequency over a period of 10 minutes. This means that the emulator’s
1pps output has a stability of 0.0893 ppb, thus the emulator’s 1pps is sufficiently
accurate for the purpose of this thesis project. The phase deviation is shown in Figure
5-2 and the frequency deviation is shown in Figure 5-3. X-axis indicates the running
time in both figures while y-axis shows the edge phase deviation in Figure 5-2 and
edge frequency deviation in the corresponding time in Figure 5-3.
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Figure 5-3: Frequency deviation versus time

5.3 Testing the whole prototype

The prototype was tested in Ericsson’s Vera lab for 90 hours using the VEE Pro
software for both Ericsson and Furuno protocols [52]. For these tests the
microcontroller generated NMEA messages, the control interface was used to set
UTC, and dynamic mode was used to configure satellites information from afile. The
CPLD was used to generate the 1 pps signal. The 10 MHz input to the CPLD was
generated by a Stanford Research Systems SR625 rubidium stabilized frequency
counter [50] as mentioned in section 4.3. This frequency source is widely used to
calibrate base stations and other devices. The 10 MHZ signal was channeled into an
RBS Master and converted from a sine wave into a square wave, and input into the
CPLD [53].

Figure 5-4 shows some of the NMEA messages which are generated by the
emulator with their corresponding periodicity for the Furuno protocol. Note that we
can see part of the timestamp in the left most column in thisfigure. It is observed that
the time increment is roughly 1 second which is due to the PC's time drift. As
mentioned above, we are using VEE Pro software for the test and this software gets
the timing from the PC, so we have some timing drift due to the internal interruptsin
the PC.
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Figure 5-4: Generated NMEA messages by the microcontroller for Furuno protocol
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In Figure 5-5 the red line shows whether 1ppsis available or not, if thered lineis
above 0 it means that the 1pps is available and if the red line is showing -2 it means
that 1pps is not available. The blue line shows the number of available satellites
varying from O to 12 (which in this figure has the range 8 to 12), and the green lines
shows the tracking satellites used for positioning from 0 to 12 (which in thisfigure is
7 to 8). In the lower pane the curvesin black show the different Carrier to Noise ratios
(CIN) for the different satellites. As mentioned in section 4.1.2.3.1, GPGSV sentences
include the SNR parameter for four satellites in each sentence. As can be seen in the
figure there are different C/N values which indicates the SNR in a 1 Hz bandwidth,
the strength of the signals are decreased when the number increases, for example the
Blue C/N1 is the strongest “received”’ signal and Gray C/N5 is the weakest. “Higher
C/No results in reduced data bit error rate and reduced carrier and code tracking loop
jitter. Reduced carrier and code tracking loop jitter, in turn, results in less noisy range
measurements and thus more precise positioning.” [54, 55, 56]. If the C/N value is
less than 32 it means that timing to the GPS antennais |ost.
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Figure 5-5: Curves output by VEE Pro

VEE Pro has awindow called “Print-Errors’, an example of thiswindow is shown
in Figure 5-6. This window shows errors that occur and some other additional
information such as “First UTC Time Stamp” (shown in Figure 5-6) which is gained
when 1pps is available and the first message includes UTC is being received, the
second line also shows the information that 18 consecutive pps signals have been
received (“gained”).

=) Print_Errors
0:12-11-16 13:45:55; First UIC Time Stanp
15:12-11-16 13:49:12: >>>> 15 PPS Gained after Recovery <<<<

Figure 5-6: Print Errors window

In VEE Pro there is a window named Polaris and it displays a polar plot. The
polar plot is used to show the position of satellites over 24 hours by using information
from the GPGSV sentences including Bearing angle, Elevation angle and SNR. This
polar plot is for healthy satellites with value ranging from 0 to 32. This plot was used
for testing whether the positioning information, stored in the memory, was working
correctly or not (if using areal GPS receiver it will generate the same graph after 24
hours). An example of such aplot is shown in Figure 5-7.
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Figure 5-7: Polaris plot of the satellite positions during 24 hours

Figure 5-8 shows some of the NMEA messages which are generated by the emulator
with their corresponding periodicity for the Ericsson protocol. The VEE program that
was used for the test just shows the generated NMEA messages. As you can seein the
figure, all the sentences have checksum which is a mandatory field in the Ericsson

protocol.

% Main

Logging Alphakumetic

—| #indicies |

[37.5042]: $PERC,GPppr,486560,01717,00050,08,0,0+40
[37.5828]; $PERC,GPsts,2,0,0,1111%79
[38.5042]; $PERC,GPppr,486561,01717,00050,08,0,0%48
[38.5828]: $PERC,GPsts,2,0,0,1111%79
[38.5042]; $PERC,GPppr,486562,01717,00050,08,0,0+48
[39.5628]; $FERC,GPsts,2,0,0,1111%79
[40.5042]: $PERC,GPppr,486563,01717,00050,08,0,0%44
[40.5828]: $PERC,GPsts,2,0,0,1111+70

0

| o

a1

—|Used Channels /#5at...

[41.5042]; $PERC,GPppr,d486564,01717,00050,06,0,0%4D #Chan= 12
[41.5828]; $PERC,GPsts,2,0,0,1111%79 #latt= &
[42.5042]: $PERC,GEppr,486565,01717,00050,08,0,0+4C |
[42.5828]; $PERC,GPsts,2,0,0,1111%79 -
[
— to File Hame —_ #5at —_ #FChan —_ Cik dB

est CRC

Configuration Strings

Infarmation to Excel

—| Conftst#

o

A==172800

Else

#ps

—| GPGGA

| 1

Figure 5-8: Generated NMEA messages by the microcontroller for Ericsson protocol




5.4 Testing the GPS receiver emulator with a GSM RBS

The serial port of the microcontroller (RS232) was connected via a RS232 to
R$422 converter available in VeraLab, and finally from the converter to the GPS port
available in the RBS's DU. Testing with the RBS was successful and the RBS was
able to successfully synchronize itself to the time output by the emulator.

Software named DV T32-R23HO1 (developed by Ericsson) was used to monitor
the synchronization of the RBS. There is amessage called “ Sync Status’, if it is equal
to 0 it means there is no synchronization, if it is equal to 1 it means that frequency
synchronization is available and while it is equal to 2 it means that both phase and
frequency synchronization are available. After running the test by using the GPS
receiver emulator, it was seen that SYNC_STATUS was equal to 2 asiit is shown in
Figure 5-9 and highlighted with the red rectangle.

RETS

File Edit Options Window Help

B command Input - Note! COM2: configured for remote control

x| Exoff | Stat | StatofF | 0% win | win off| TS T5C off|rev| read|L| RESET| | 0| Steadhy w1 | wi off| €_| € _y off |1 Stat| [ Statoff|w ||+ | Temp | HO|HCofF| o | _est| Tryt|Ed| 51 52| 55| chain| g25] T

K | i
IWarn\ng: Some of the DYT commands may cause RES reset ar other problems
| DXFLS> | - -
Boin 0t RE g
Ok ;I Thu Jan 03 14:14:04 CET 2013 DX TSCHGPS_REF/FREG_OFFSET: frequency offset =0 ﬂ
ok Thu Jan 03 14:14:05 CET 2013 D¥: TSC/GPS_REFTIME_DIFF: time diff = 0 nsec
[+ Thu Jan 03 14:14:09 CET 2013 DX RTS/TU/GPS/SATELLITES: used satellites= 0
ok Thu Jan 03 14:14:10 CET 2013 DX TSC/REGRUSH_FREG_EST: freq drift est = -1 pph
=3 Thu Jan 03 14:14:12 CET 2013 Di: TSC/GPS_REFTIME_TO _FRAME_SYMCH: Time_left =0
Ok Thu Jan 03 14:14:15 CET 2013 D TSC/GPS_REFITIME_DIFF: time diff = -25 nsec
ok Thu Jan 03 14:14:21 CET 2013 DX RTS TU/GPS/POSITION: position= Lak: 59deg24'1627"N Long: 17degSe's97E8"E
ok Alk: +44.9m
Ok Thu Jan 03 14:14:35 CET 2013 DX TSC/GPS_REFITIME_DIFF: time diff = -51 nsec
=3 Thu Jan 03 14:14:45 CET 2013 Di:RTS TU/GPS/SNR: SR = 46,44,43,42,41 dBc
Ok _I Thu Jan 03 14:14:45 CET 2013 D TSC/GPS_REFITIME_DIFF: time diff = -25 nsec ]
- -
ol
[13-01-03 14:13:24.772] P_LDEBUGMANAGER (MOMITOR REPORT TSC/STATES/SYMNC _STATUS: | STATG = 2 1
[13-01-03 14:13:28.522] P_LDEBUGMANAGER. {MOMITOR REPORT TSCjGPS_REFISE_CABLE_HO_TMO: se_state=0
[13-01-03 14:13:29.024] P_LDEEUGMANAGER. (MOMITOR REPORT RTSTUSSTATES/EXEC_REF: execukive reference = GRS
[13-01-0% 14:13:29.272]  P_LDERUGMANAGER I : :MOMITOR REPORT TSC/GRS_REF/SE_FRAME_HO_TMO:  se_state =0
[13-01-03 14:13:30.020] P_LDEBUGMANAGER LDEM_Monitor, c; 262 :MOMITOR REPORT TSC/GPS_REF/SE_RECEP_HO_TMO:  se_state =0
[13-01-03 14:13:30.524] P_LDEBUGMANAGER LDEM_Monitor, c: 262 (MOMITOR REPORT RTSITUSSTATES/INTERMNAL: internal state = SYNCHRONIZED
[13-01-03 14:13:30,770] P_LDEBUGMANAGER. LDEM_Monitor 2 {MOMITOR REPORT TSCJGPS_REFISE_SYMCH_HO_TMO:  se_state =10
[13-01-03 14:13:33.764] P_LDEEUGMANAGER. LDEM_Monitor.c 262 tMOMITOR REPORT TSCHGPS_REFIINHIBIT: inhibit =0
[13-01-03 14:13:34.516] P_LDEELIGMANAGER. LDEM_Maonitor.c: 262 :MOMITOR REPORT TSCJGPS_REFMOT_AYAILABLE: not_available = 0
[13-01-03 14:13:35.270] P_LDEBUGMANAGER LDEM_Monitor, c; 262 :MOMITOR REPORT TSC/GPS_REFMNOT_AYAILABLE_HISTORY: not_available_histary = 0
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[13-01-03 14:113:42.512] P_LDEBUGMANAGER LDEM_Monitor, c; 262 :MOMITOR REPORT TSC/GPS_REFPROTOCOL: GPSS_mode= tps
[13-01-03 14:13:45,508] P_LDEBUGMANAGER LDEM_Monitor, c: 262 (MOMITOR REPORT RTSITUIGPSJSTATUS:  status= GPS locked
[13-01-03 14:13:46.260] P_LDEBUGMANAGER. LDEM_Monitor.c 262 {MOMITOR REPORT RTSTUSGPS| TIMESSTD _DEY: Shd = DEFALLT

Figure 5-9: The synchronization status of the RBS

To monitor the synchronization in the regulator there is an option called TF
(Timing Function). If it shows blue it means that the synchronization is enabled and it
is working fine, this is shown as blue in Figure 5-10 and highlighted with the red
rectangle.
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Figure 5-10: TF is turned to blue which indicates timing function is synchronized

The emulator was subsequently connected to one RBS, the emulator could receive
output commands from the RBS, and the RBS could receive NMEA and 1pps signal
from the emulator. During testing RBS were shown to be synchronized after a time
period of 5 minutes during a cold start up and after atime period of 2 minutes on a hot
restart (i.e., if the oscillator had already warmed up).
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6 Conclusion

The main goal of the thesis was to develop a prototype GPS receiver emulator to
be used as a replacement for a GPS receiver in the lab environment and for testing.
This emulator emulates the NMEA data that would be generated by a GPS receiver
along with a 1pps signal and inputted to an RBS. The resulting prototype devel oped
during this thesis has been proved to work and provide RBS synchronization. All of
the initial goals defined for this thesis have been achieved and in addition two
additional features were added. One addition was programming memory with satellite
positioning information from a text file, which could be real data formatted into a text
file and in fact this feature proved very useful for testing. The other additional feature
was implementing two messages (GPset and GPint) to be sent from the RBS to the
GPS emulator. GPset was used to set the Antenna dtitude in GPavp and GPSS mode
in the GPtps sentences and GPint was to set the periodicity of different sentences.

6.1 Future work

Some areas of possible future work which have not been completed due to time
shortage are outlined below.

6.1.1 Make a single board and integrate the hardware devices

Different parts of the GPS receiver emulator are implemented with different
hardware devices. A PCB could be designed in order to integrate all the hardware
devices, thus reducing the number of wires and increasing the stability of the
prototype. This means that the microcontroller, CPLD, and memory would be placed
onto a single board. Having a single board would make the emulator easier to use.
Some pricing information for the main componentsis given in Appendix C.

6.1.2 Design a sine wave convertor

As mentioned in section 5.3, the CPLD needs 10 MHz sguare wave signal. For
this reason the 10 MHz signal from the rubidium clock was channeled to a RBS
Master to convert the sine wave into square wave. An approach would be to design
such a converter and place it onto the same PCB as the microcontroller, CPLD, and
memory. Thiswould remove yet another separate hardware component.

6.1.3 Integrating a chip scale atomic clock (CSAC)

As mentioned in section 2.5.1, a GPS receiver solution is not safe from failure as
it is possible to encounter interfere to the system by false or missing GPS signals.
Therefore integrating a chip scale atomic clock (CSAC) onto the circuit board, such as
Symmetricom, Inc.’s Quantum SA.45s, would provide a completely self-contained
GPS receiver emulator and will remove this drawback. By generating 1pps with the
atomic clock it could replace the CPLD and by generating a 10 MHz sguare wave it
could also be areplacement for an external rubidium clock and RBS master. While an
atomic clock would add substantial costs to a prototype, a breakdown of costs is
provided in Appendix C, the total cost of the emulator would decrease from ~52,000
kr to 20,000 kr for an emulator with an atomic clock. Moreover, such a device would
greatly facilitate testing of a RBS and remove all other dependencies apart from the
emulator being connected to a control interface and the RBS.
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On the other hand, integrating a CSAC solution (with warm up time less than 110
second) instead of the current oven stabilized crystal clock will eliminate the thermal
warm up of the oscillator (which is a few minutes). Using CSAC also eliminates the
need for the serial interface and 1 pps signal to the DU which still provide good 1pps
+/-15 nsrms ([57], [58], [59]).

6.1.4 Integrating the GPS receiver emulator into the RBS

In the long term, it would be interesting to consider integrating the resulting single
board system directly into an RBS. This would enable the RBS to be independent of
an external GPS receiver, while still providing a very highly accurate time based for
synchronization with other RBS besides it is a cost effective solution. A comparison
of the costs of the GPS receivers which are currently being used in Ericsson with the
costs of the developed GPS emulator is provided in Appendix D.

An dternative to integrating the GPS receiver emulator into the RBS would be to
use the backhaul link to synchronize the RBS, this is being explored in another thesis
project.

6.1.5 Generating all of the NMEA messages

Another enhancement to the emulator would be the ability to generate all possible
NMEA messages that could be sent from a GPS receiver to an RBS.

6.2 Required reflections

Currently the emulator can only be used for testing and as a device to provide
synchronization for RBS in alaboratory environment.

The emulator has an economic advantage as it is cheaper than using a real GPS
receiver in a laboratory. It is aso less complex as it eliminates the need for a GPS
antenna on the roof of the laboratory to receive the radio signa from the GPS
satellites; this also leads to environmental advantages.

The ethical aspects of the material provided in this thesis have been considered
and Ericsson has given permission to disclose all of the information contained in this
thesis regarding their involvement in this thesis project and also the location of Vera
Labin Kista.

During the thesis a great deal of knowledge and experience were gained regarding
GPS, synchronization, and today’ s mobile networks.
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Appendix A

Code used for generating one of the messages for Furuno protocol named GPtps,
which is sent from the microcontroller to the RBS.

// Messages generated in the Furuno protocol

//GPtps including UTC, GPtps mode, leap second,almanac data, GPSWeek,
GPSSecondl and GPSSecond

void GPtps Gen(uint8 t gen) // Time and pulse output
(GPtps)

utc_conv () ;

msglLength += 76;

if (gen == 1)

sprintf (string,

"$PFEC,GPtps, %$s,3,1,%d,%s,00,15, %s,%04d, %04d%02d\r\n", utc,
GPtpsmode, leap, almanac, GPSWeek, GPSSecondl, GPSSecond) ;

else

sprintf (string,

"$s$PFEC, GPtps, %s,3,1,%d,%s,00,15, %s,%04d,%04d%02d\r\n", string, utc,
GPtpsmode, leap, almanac, GPSWeek, GPSSecondl, GPSSecond) ;

Here is the C code for generating GPint and GPset messages which are sent from
the base station to the GPS emul ator.

// Function for implementing the GPint and GPset which are sent from
the base station to the GPS emulator
ISR (USARTO RX vect) {

temp4 = temp3;
temp3 = temp2;
temp2 = templ;
templ = temp;
temp = UDRO;

if (temp == '$'"){

flag RX = 1;

flag decode = 0;

indexRX = 0;
bufferRX[indexRX] = temp;
} else if (temp == '\r') {
flag RX = 0;

flag decode = 0;

indexRX = 0;

} else {

if (flag RX) {

if (flag decode == 0)

indexRX++;

bufferRX[indexRX] = temp;

if (indexRX == 10)

if (strncmp (bufferRX, "$PFEC,GPint",11) == 0)

flag decode = 1;
indexRX = 0;

else if (strncmp (bufferRX, "SPFEC,GPset",11) == 0)

{

flag decode = 2;

else if (flag decode == 1)
if (temp4 == 't' && temp3 == ' && temp2 == 's'){
tpsPeriod = 10 * AsciiToDec(templ) + AsciiToDec (temp) ;
flag tps = 0;

} else if (temp4 == 'a' && temp3 == 'n' && temp2 == 'c'){
GPANCPeriod = 10 * AsciiToDec (templ) + AsciiToDec (temp) ;
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flag GPANC = 0;
} else if (temp4
GPGGAPeriod = 10
flag GPGGA = 0;
} else if (temp4
GPGSAPeriod = 10
flag GPGSA = 0;
} else if (temp4
GPGSVPeriod = 10
flag GPGSV = 0;
} else if (temp4
GPtstPeriod = 10
flag GPtst = 0;

= 'G' && temp3 == 'G' && temp2

* |l

= 'G' && temp3 == 'S' && temp2

* |l

= 'G' && temp3 == 'S' && temp2

*

= 't' && temp3 == 's' && temp2

* |l

else if (flag decode == 2)

if (templ == 'Z' && temp== '1"'){
GPtpsmode = 1;

else if (templ == 'Z' && temp == '2'){
GPtpsmode = 2;

indexRX++;
bufferRX[indexRX] = temp;
if (indexRX >= 16)

if (indexRX == 16)
sprintf (AntAlt, "%c",bufferRX [indexRX]) ;
else

sprintf (AntAlt, "%$s%c",AntAlt, bufferRX[indexRX]) ;

AsciiToDec (templ) + AsciiToDe

AsciiToDec (templ) + AsciiToDe

AsciiToDec (templ) + AsciiToDe

AsciiToDec (templ) + AsciiToDe

ot
ot
ot

ot

'A'){
emp) ;

'A'){
emp) ;

'V'){
emp) ;

't'){
emp) ;



Appendix B

Sample of code for the control interface.
namespace WindowsFormsApplicationl

public partial class frmMain : Form

string Rxdata;

string txt = "Not Connected";
string txtl;

string txt2;

bool btn;

bool SatFlag;

bool ProgramMode = false;

bool btnSatInfoclicked;

int Count = 0;

public static List<string> lInfoauto = new List<strings>() ;
int iCounter = 0;

public frmMain ()
InitializeComponent () ;

string sSatInfo = "";
string infoauto = "";
private void btnPlus Click(object sender, EventArgs e)

{

if (txt == "Configuration Mode")

{

if (serialPortl.IsOpen)

{
try

DateTime SaveNow = DateTime.UtcNow;

String time =
SaveNow.ToString ("yyMMddHHmmss") ;

//GPGSV Message

// Number of visible Satellite

string sSat = "";

if (txtSat.Text.Length == 1)

//checking the length of the data entered

and add "0" if the length is 1

sSat = "#01" + "O" + txtSat.Text;
else if (txtSat.Text.Length == 2)
sSat = "#01" + txtSat.Text;

if (sSat.Length == 5)
serialPortl.Write (sSat) ;
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Appendix C

Calculation of hardware costs for one emulator and development environment.
Additionally the hardware costs for a Chip Scale Atomic Clock (CSAC) and its
programming board are shown. Costs for the hardware are based upon quantity one
pricing from Farnell [60].

Note that if the emulator were to be produced in volume, then the cost per
emulator would be much lower due to the volume pricing available for most of the
parts and only one instance of the frequency counter, developer kit, starter kit, and
CSAC programmer would be needed for development and initial testing. A rough
estimate of the cost of a CSAC based GPS emulator would be under 20,000 Swedish
kronor (even in small quantities).

Quantity Model Price
1 Staqurd Research Systems SR625 rubidium | | S$ 6950.00
stabilized frequency counter (US ligt price from vendor)
(~50000.00 kr)
1 Altera DK-MAXII-1270N — Development Kit, 1510.93 kr
MAX II, CPLD
Altera - EPM1270F256C5N - CPLD, MAX 11, 213,56 kr
1270 ELEMENTS, 256FBGA '
(note that one of these is included in the above
devel opment kit)
1 Atmel - STK500 — Starter Kit, AVR, MCU 762.66 kr
1 Atmel - ATMEGA644PV-10AU - IC, AVR 77 96 kr
MCU, 64K FLASH, 4K RAM, SPI '
1 Atmel - AT45DB011D-SH-B - Memory, 6.18 kr
DATAFLASH, 1M, 8SOIC-W '
Total (excluding the SR625): 2357.73 kr
1 Symmetricom SA.45s CSAC 1800.00 Euro
(15805.80 kr)
1 Board for programming the CSAC 1050 Euro
(9220.05 kr)
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Appendix D

As was shown in Appendix C, the total cost for the GPS receiver emulator
excluding the SR625 is 2357.73 SEK. The number of GPS receivers being used in
Ericsson for synchronization purposes is 32. These receivers were ordered by HWM.
The price of each is 11000 SEK which is almost 4.6 times the price of the GPS
receiver emulator developed during this project.
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