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Motivation

 GNSS technologies are progressively
becoming a key element in many innovative
wireless applications

Most location-based services and systems are
in fact employing standalone GPS,
GPS+EGNOS, Assisted-GPS and Differential

GPS as core technologies

Academies and companies need to train
engineers, technicians and students on these
subjects
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Motivation

 Many educational offers are based on a
theoretical study of GNSS leaving limited space
to labs or training on the job

* There is a huge demand of tools for education,

=  R&D and rapid-prototyping in the field of GNSS
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Outline

1 — Introduction

2 — SAT-SURF Hardware Platform

3 — SAT-SURFER Software Suite

4 — SAT-SURFER Setup & Demo

5 — N-FUELS Signal Generator

6 — N-FUELS Demo
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7 — Questions Session
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What is SAT-SURF/SURFER?

« SAT-SURF & SAT-SURFER are a
complete tool made of hardware/software
components specifically designed for
R&D and educational purposes:

Is the hardware box including
GPS and COM functionalities;

IS the software suite running
on standard PC that gets and process data
from SAT-SURF.
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Application Fields

00000000000000000

signals — Members of the
GSTF

technolodies architecture against
g =\ interference and multipath

N-FUELS

GNSS receiver design
and prototyping

Wide Area Augmentation
Systems — EGNOS
monitoring station at ISMB
supported by ESA

\ Global Navigation /

— Satellite Systems \.
Indoor applications

Algorithms &
implementation of Assisted
GNSS techniques

-~ Technologies for
.Emergency managements
and SOL applications

Design and realization of SAT-SURF
NAV/COM hybrid platforms

>

(qv] Higher Education — e HHH

— Master on Navigation and Scientific applications
Related applications such as INS & DGPS




SAT-SURF Hardware Platform

SAT-SURF is an HW box integrating GPS and
GSM/GPRS capabilities. It includes:

v Different possible GPS receiver modules
v 1 GSM/GPRS module

v' 1 standard GSM antenna

v" 1 GPS patch antenna

v 1 USB I/O port

SAT-SURF needs external DC power supply
v' Voltage between .
v" Optional automotive connector for kinematics data log

The USB port can be connected to a standard PC

GSM module is used to implement A-GPS services
(OMA-SUPL compliant) or to get DGPS corrections

NavSAS Group
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SAT-SURF Hardware Architecture
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SAT-SURF Hardware Platform

GPS/Galileo receivers available in SAT-SURF:

 uBlox 5§ GPS module, OMA-SUPL compliant;
 uBlox 4 GPS module, DGPS compliant;

 JP13-LP GPS module based on SiRF Star lll
with low power consumption;

| « JP15 High Sensitivity GPS module based on
Jumiimiiiin | - SiRF Star lix, DGPS compliant;
s © SkyTraq Venus 6 module. It reaches data-
| output rate of 20 Hz.

GSM Module:

* Telit GM862-QUAD GSM module:
v" Multiple GPRS connection with CMUX

NavSAS Gro
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SAT-SURFER Software Suite

 SAT-SURFER is the software
running on a standard PC that
gets and process data from

o SAT-SURF
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SAT-SURFER Software Suite

 SAT-SURFER is able to “talk” with different GNSS
receivers using their binary (proprietary) protocols

 Current version of SAT-SURFER can get data from
five receiver families:

« SIRF

* uBlox

« Magellan
« Septentrio
« SkyTraq
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Details on SAT-SURFER

 SAT-SURFER together with SAT-SURF is an Enhanced
Evaluation Kit managing different kind of GPS receivers

 |tis also able to provide a Communications (COM)
interface through the GSM quad-band modem
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SAT-SURFER Software Architecture
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SAT-SURF HARDWARE
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SAT-SURFER Software Functionalities

* Display of the most important raw data and
positioning information in real-time;

Log and export automatically any raw data for
post-processing (e.g. using MATLAB®);

* Possibility to test different GPS receivers and
compare their performance in different scenarios;

* Network dispatcher functionality for
getting/broadcasting data;

* Allow test of Assisted-GPS (A-GPS)
functionalities and performances;

* Allow test of Differential GPS (DGPS).
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SAT-SURFER Software Functionalities

 Management of a GSM module

and logged parameters:
v’ Cell type

v Base Station Identification Code (BSIC)
v Quality of Reception (RxQual)

BTS

g' v’ Localization Area Code (LAC)

o v Power (dBm)

(B v' C1 reselection parameter

. v' C2 reselection parameter

< v' Time Advance (TA)

o) ¥ Assigned Radio Frequency Channel Please refer to the User
> (ARFCN) Manual for the complete list
CZU v’ Cell Identification (Cellld) of logged parameters

v Public Land Mobile Network (PLMN)
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SAT-SURFER Software Functionalities

* Log of several GPS/GSM raw parameters using the
following file formats:

Settings: Datalog

v ASCII text (.txt) file; e |Oi
eX . X I e, o ® Kinematic Made Log Directory |C:\SAT-SURFER Browse...

Datalog
AGPS :
/ ® N . GsM Receiver Data To Log Type of Logs
MATLAB® (.mat) file s|E=
- ) m ] xel
Dispatcher [] GPS Observables L1 F1 Rirex 2
at!

[] GPS Observables L2 P2 O
GPS Ephemeris Paramete rs Iatlzb

v'MS Office Excel® (.xIs) file;

GPS Satelits Positions

Rinex 3

GPS Receiver Messages ~

v’ binary (.bin) file; =

v RINEX 2 log; L7
J Eﬁﬂ o[ e

v RINEX 3 log;

v'Keyhole Markup Language (.kml) file.

NavSAS Group
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Functionalities: Display Raw Data

[ SAT-SURFER - Version 3.5.1.0 =19

Fle  Commands  Configuraton  View  Help

Disconnect Restart |HOT +| Barsiver Reaiecte v | | ANGPS -« GSM » AGNSS » PUT  + | | na Nirertars Masimatinm Miats Dan el | TMIT -

Meszages Mavigation Data \—
= GP3 ¥ Position [m] Y Position [m] Z Position [m] Latitude Altitude Ermor 30 {m)
GPS Postions — - P— . - — —

4472413.94 601434.15 44972691 55 45°355.047 55.7 7.37
GPS Observables L1 CA e B | el . e |
GPS Observables L1 P1 ¥ Velocity [ms] Y Velocity [m/s] £ Velocity [m/s] Longitude Speed Pos Type
5PS Observables L2 P2 [0.01 | 0.00 0.02 | [7-3932.339 0.00 | [Stand Alone
GPS Ephemeris Parameters
GP5 Clock Parameters GDOP PDOP Weebk Mumber List of Satellites in View
GPS lonospheric Parameters [2.44 | [2.10 | [1577 |[2457810131623
GPS Saizlis Fositiens HDOP VDOP Time of Wesk TTFF
DGPS Applied Comections - = PP ———— p—
WADGPS |1...— | |1.,.¢ 481840.000557553 | |z.v:u
LADGPS Leap Seconds Satellite in View Satellite in Fic List of Satellites in Foc
- AGPS [15 NE NE |[24578101323
& PYT

GPS Time: 13:50:40 GPS Date: 02/04/2010

UTC Time: 13:50:25 UTC Date: 02/04/2010
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Peeudorange Dloppler CamierPhase CHO TOW WHN g

20863206.7105758 | 2717.85229492188 | 75009330.0880374 |50 | 481840002 [1577 i

JO065171.2509632 | 315.611877441406 | 65530834 6721488 |48 | 421240 002 [1577 :
|23118866.646515  |5630.796875 | 102585411.105497 |45 |481840.002 [1577

|23396429 7227457 | 512.514306640625 | 72535605.6326991 |45 231240.002 1577 '
|22011232 1956213 |5218.2119140625 | 56764895 2606659 |43 421840 002 [1577
ST 22093325.4808884 | 2005.29809570313  |B14420819496304 |48 |481840.002 | 1577
éjﬂ T e 2 24114626.3990417 |-296.842529296875 | 6555871846348 |41 431840002 1577
A ﬁ il ety bl *ﬁ L 10 |21263502.0175775 | 4352.64734321875 | 77081256.0094513 |43 481840 002 [ 1577

Application Status... | Firminare: [uBlox]: 5.00 May 11 2008 144017 52 Firmware [UBlox]: 5.00 May 11 2006 14:40:17




Functionalities: Configuration

[™ SAT-SURFER - wew . gh u lO\Wé Setti n g

: Connect | Settings... | the
|4I'I Configuration. ..
B i = e zeen = gcCeSS to the external GPS
sRf 447241872 | 601433.77 449269339 = ' b - ' 4 ]
GPS Observables L1 CA el f"[ 7 :w l‘”j"[ 7 e [ 7 LD
GPS Observables L1 P1 elocity [m./s elocity [m/s elocity [m./s ngi d/ GS M
GPS Observables L2 P2 |0.00 0.00 | |0.00 |73 recelver an or Go
GFS Ephemeris Farameters
GFS Clock Parameters GDOF FDOP VWeek Number st o Y IOd em (| e. SAT S U I:QF)
GPS lonosgl EEaEeTE s U E B el T -
mll_lm s
GPS 53
BT etines: 7S
WADGH Receiver Output Port
LADGH WADGPS Select Receiver | Blox il Tvpe [:'ﬁ v
AGPS LADGPS - — =
& PVT Datalog | UBX Protocel COM Pert [com1s v
AGPS |[] MNMEA Protocal e ee— B
EEM 2. COM Speed 57600 w
e GHS Date: 02/04/2010
Y b G g
Dispatcher 3 . : e o € iy Pt el =
Matiab - . : UTC Date: 02/04/2010
DGPS Type Stand Alone e I =
|
|
N ] - — —
- % 0 TOW WHN
= ’ et T
L. L 44| | Rinex Saurce | 465543 [1577
\\ = [] observable I | E ..5?5553 1577
_ — ; 459343
= i [ Navigation | | E] | 469942
| 265042
éJA S LB (o 2zee ; ' 469943
§ i 'xmg By |22 22139402.2138075 | 402.353191834521 | 59943526.3453454 |47 469943
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Functionalities: Configuration

« Advanced settings can be configured
« MATLAB® (.mat) file logging can be enabled

* It is possible to split the log files in order to achieve a
better management during the post-processing

o Settings: Matlab
- GRS _I [7] Matlab 6 Compliart
WADGP i ; " H
O L’* DDH?;, SS (%) Spiit By Time [Hours] | () Split By Size [Number Of Postions] L) None
g B L]
= ks | 9
AGPS . -
(D =M GFS Observables L1 CA . w
MU GFS Observables L1 P1 2 w
p) PVT GPS Observables L2 P2 2 »
< Dispatcher ) =
Matlab GFS Ephemens Farameters . W
CD GFS Clock Farameters 2 "
GFPS lonospheric Parameters 2 w
=> -
|GP5 Satelite Positions 2 W
m GF5 Receiver Mezsages W
Z DGEPS Applied Comections i 2 L |
- — || WADGPS Fast Comection 2 |
E ’ = " [WADGPS Long Comection |2 w | 3
? % # ﬂ oK ][ GCaneel |




Functionalities: Toolbar

* The “Connect’ and “Disconnect” buttons allow to start and stop SAT-
SURF on the basis of the configuration parameters specified by the
user in the “Configuration” menu.

[ SAT-SURFER - Versio 0

_ Conneck HOT | Receiver Re q etz * , LADGPS = G5M = AGNSS - ByT = | Log Directary. -l‘-!a\.'igahorl Data pan v|| IMU =

Mmag&s Navigation Data

- RESTART: it allows testmg how the receiver reacts when it
is forceu to start in a specific condition. The conditions are:

| > “FACTORY?”, as it was set up by the
manufacturer (see “COLD”); =

| '> “COLD?”, all the parameters in the receiver
memory are cleared;

> “WARM”, %ome of the parameters are cancelled
while otﬁers are available (e.g. almanacis
present)

“ HOT”

a‘”, the recelver mternal parameters are

NavSAS Group
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Functionalities: Info Boxes

* Double clicking on the list in the messages window it is
possible to see all the logged parameters

* For example, “Clock Parameters”

Clock Parameters

[E‘;F‘"E] &0 A A2 TG0 TOC I0oC URA SVHealh | LZFDatsFlac CodeOnl2 | wiN TOW

(T o 0 D D D 0 D D 0 0 0 D

2 0 0 0 0 0 0 0 0 0 0 0 0
o 3 0.0003009.. | 5.3432813.. |0 47190951, | 410400 |58 2 0 0 o 1502 408855.001

4 0 0 0 0 0 0 0 0 0 0 0 0
=5 5 0 0 0 0 0 0 0 0 0 0 0 0

6 0.0001550...| 5115907 |0 4E56R12.. | 410400 |75 2 0 0 0 1502 408855001
(@] 7 22441614, | 6212102, |0 A071020.. | 410400 |57 2 0 0 0 1502 408855.001

8 0000176 | 1.477928.. |0 3725290, | 410400 |37 2 0 0 0 1502 408855.001
— g 0 0 0 0 0 0 0 0 0 0 0 0

10 0 0 0 0 0 0 0 0 0 0 0 0
(D 11 17207814, | -90M947.. |0 1210719, | #0400 |48 2 0 0 0 1502 408855001

12 0 0 0 0 0 0 0 0 0 0 0 0
CD 13 0 0 0 0 0 0 0 0 0 0 0 0

14 0.000203.. | 48985340, |0 9313225, | N0400 |44 2 0 0 0 1502 408895.001

15 0 0 0 0 0 0 0 0 0 0 0 0
< 16 9.9732656... | 2273 |0 9778987 | 410384 |1 2 0 0 0 1502 408855001

17 0 0 0 0 0 0 0 0 0 0 0 0
(f) 18 0000120 | 33790393 |0 1071020, | #0400 |36 2 0 0 0 1502 408855001
~ 19 35669305, | 0 0 1443543, |m0400 | 2 0 0 0 1502 408855001

n n n n n n n n n n n n n
(40} 21 45517308, | 1.477928.. |0 164153, | 410400 |38 2 0 0 0 1502 408855001

22 0.0002101... | 4547473 |0 A769512.. 410400 |27 2 0 0 0 1502 408855.001
Z 2 0 0 0 0 0 0 0 0 0 0 0 0

24 0 0 0 0 0 0 0 0 0 0 0 0

25 0 0 0 0 0 0 0 0 0 0 0 0

2% 0 o 0 0 0 o 0 0 0 o 0 0

7 0.0002273.. | 28421709, |0 4790951 | 410400 |50 2 0 0 0 1502 408855001

28 0 0 0 0 0 0 0 0 0 0 0 0
A 23 0 0 0 0 0 0 0 0 0 0 0 0

30 0 0 0 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0 0 0 0

27 n rn n n n rn n n n rn nl n b




DEMO & Examples

Sky Plot for Multiple In View Satellites Dilution Of Precision (DOP) Values

DOP Values

T
|
|
|
|
1 1
3.76 3.78 3.8 3.82 3.84 3.86 3.88 3.9 3.9
GPS Time Of Week [s] x 10°

P

Satellite Elevation vs. GPS Time for Multiple In View Satellites
T GSM BTS Power

Satellite Elevation [deg]
Power [dBm]
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GPS Time Of Week [s] x 10°
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Getting Started

= Set-up the SAT-SURF hardware
(antenna, cable connections, power
supply...). Please refer to the “Getting
Started” Section of the SAT-SURF &
SAT-SURFER User Manuals.

Place the patch antenna of SAT-
SURF in outdoor (open sky) stationary
position.

Install on your PC the SAT-SURFER |
software tool. Perform the registration = Q
(website) and set-up the software for | —
your first data collection. == =
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Examples

« The SAT-SURF HW allows users to obtain from
the GPS receiver the available raw
measurements (depending on the receiver
capabilities), and not only the simple NMEA
output.

Each GPS parameter is logged with a related
GPS time stamp, so that each parameter can
be aligned to the evolution of all the others.
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Parameters Logged by SAT-SURFER

Name Description

Position (m), the three components

Velocity, (m/s), the three components

Latitude, Longitude, Altitude

Error 3D w.r.t. a reference position

Position Type, so how the RX computes the position. It can be:
STANDALONE, SBAS, DGPS, RTK FIX, or RTK FLOAT

®  Speed, the amplitude of the velocity vector

Position Data

Satellites Data " Number of satellites in view

"  Number of satellites in fix, meaning satellites used for the computation of the
position, velocity, and time (PVT)

List of satellites in view

List of satellite in fix (satellites used in PVT computation)

Week Number (WN)
Time Of Week (TOW)
GPS Time

Leap Seconds

Time to First Fix

GDOP, PDOP, HDOP, VDOP

GNSS Time Data

Dilution Of
Precision Data

NavSAS Group
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Parameters Logged by SAT-SURFER

Name Description

Raw GNSS Satellite Identifier (PRN)

Observables Pseudorange measurements (m)

(per each satellite Doppler frequency shift

in view) Carrier to noise density ratio (C/No)

Carrier phase

Ephemeris parameters

Clock parameters

Satellite positions (Azimuth, Elevation, Xs, Ys, Zs)
Ionospheric parameters

Note: All the raw GNSS measurements are saved for all the frequencies
supported by the GNSS receiver.

EGNOS Raw
Corrections
Messages

Fast Corrections

Long-Term Corrections

Integrity Satellites Information
Covariance Matrix

Fast Corrections Degradation Factor
Wide Area Ionospheric Corrections
Wide Area Degradation Factor

Wide Area Service and Network Time
Geo-Almanac

NavSAS Group
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Parameters Logged by SAT-SURFER

Name Description
DGPS/RTK Raw " All the messages coming from the NTRIP network
Corrections
Messages
A-GPS ®  Session Data: TTFF, Time for raw measure, number of raw measure
acquired;
o " All the data coming from the Local Element (Reference Time and Position,
- Almanac, UTC model, Ephemeris and Doppler shift)
o Applied ®  Applied Pseudorange Correction (PRC)
— Differential "  Applied Range Rate Correction (RRC)
@) Corrections ®  Applied Iono Correction
" Age of Applied Corrections
) Note: These parameters are the corrections applied by the receiver for
<C EGNOS or DGPS.
p) Custom PVT ®  Computed positions and velocity
= Parameters "  Satellites used
(qv] Corrected pseudorange & applied corrections
Z
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Parameters Logged by SAT-SURFER

Name Description

GSM Network Base Station Identification Code (BSIC)
Parameters Quality of Reception (RxQual)

Localization Area Code (LAC)

Power (dBm)

C1 reselection parameter

C2 reselection parameter

Time Advance (TA)

Assigned Radio Frequency ChaNnel (ARFCN)
Cell Identification (Cellld)

Public Land Mobile Network (PLMN)

All available Inertial Measurements Unit (IMU) outputs

IMU data logging

NavSAS Group
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Example: Satellite Sky Plot

0 * 4 hours data
B collection
45 « Position evolution
(Sky Plot) of

multiple GPS
satellites in view

,,,,,,,,,,,,,,,,,,,,,

240 18
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Example: Doppler Frequency Shift

N Doppler frequency
00N evolution of one

S e, i satellite (PRN 5) vs.
2000 N GPStime

F-H 90
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K (-% l l l ! l l j j
o N AR B , PlaNy | | | | | | | |
R N A N 1 B .
- ! - y Q 1 l l l l l j j
N C
\\\/ m
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— ) O b NN |
180 C
@) -
Q@ ‘
o | | | | | | | |
Q_ I I I I I I I I
7 & 1000 S N AR ]
< s | | | | | | | |
- 2000 b N _
=Z | |

00 | | | | | | | |
3.74 3. 76 3.78 : 3.82 384 386 3.88 : 3.92 3.94
GPS Time Of Week [s]
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Example: Outdoor vs. Indoor Signals

35

CIN, [dB-Hz]

25

20

NavSAS Group

15

é’A? SAT-SURF & N-FUELS Presentation 33

40 |

30 -

~ Outdoor
777777777777777777777777777777777777777777777777777 ~ — Light Indoor
- (CRRINTD) (G 7*V — @ Deep Indoor
45Wi: ,,,,,,,,,,,,,, & ‘,,,,,,,i,,,,,
fffffffffffffffffffff = « Comparison of Carrier to
bl T Noise Density ratio (C/N,)
prr ettt R measurements for one
h A ;!l ‘"" o GPS satellite in different
ffffffff ot l! ,@ outdoor/indoor scenarios
l | V!!IN W '{' ’I H: ‘?
--riﬁ ****** ﬁm r-ﬂp
’ - ¢ Ju u"
I | s LU0
7777777777777 *klt‘i' -
0 5‘0 160 150 2(50

Measurement Epoch [s




Example: Outdoor vs. Indoor Positioning

° Comparison Of 3D 3D Positioning Error
positioning errors Y Deepindonr
w.r.t. mean position 1 "+ Light Indoor

(ECEF COOFdinateS) 300 | \C?\utdoor

INn three scenarios

. Standard deviation of 2

the measured
positions w.r.t. the
mean position

Outdoor Light Deep T . g
Indoor Indoor | -100.[--~ e i
100 T s

6, |054m [2490m |3427m

100

roup

Z error [m]

100

Gy 1.31 m 2419 m | 30.60 m

1.17 m 39.87 m 90.13 m Y error [m]

Xerror [m]
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Example: lonospheric Delays

x 10 lonospheric Delays vs. Satellite Elevation for Multiple In View Satellites

PRN 24
| | | PRN 29
3 o PRN 30 | |
| | | PRN 31
S S S S R PRN5 | |
25 oo o * lonospheric delays

evolu_tion for 5
satelllt_es versus
elevation

lonospheric Delays [s]
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10 20 30 40 50 60 70 80 90
Satellite Elevation [deg]
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SAT-SURF & SURFER Summary

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

1 - Allows to log all the raw GPS and GSM
data (both binary and NMEA Protocols)

2 - Embeds different GPS modules
depending on the user needs:
e uBlox Modules
e SiRF Modules

3 - Equipped with a quad-band
GSM/GPRS modem (worldwide
coverage) for NAV/COM integration

4 - Raw data storage in the various file

formats for an easy post-processing:
 ASCII, Excel® & MATLAB® files
* RINEX2/3 Log
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SAT-SURF & SURFER Summary

SAT-SURF is made of components of the shelf. The HW

NAV/COM + SW tool is an innovative and complete GPS+GSM
Integration evaluation kit. It can be effectively used to test all the
Capabilities receiver features, Assisted-GPS strategies (OMA-SULP

compliant) and/or Differential GPS techniques.

SAT-SURF & SAT-SURFER is a complete educational
Specific Educational tool. It includes several exercises with solutions for
students. This is then a perfect tool for a lab dedicated
to ICT technologies.

Tool

SAT-SURF & SAT-SURFER is a ready-to-use tool. The
tool has already been delivered to many education

A Ready to Use Tool institutions such as Hanoi University of Technology
(Vietnam), Asia Institute of Technology (Thailand) and
Politecnico di Torino (Italy).
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SAT-SURF & SURFER Partnership

« SAT-SURF and SAT-SURFER have been designed and
developed by the NavSAS Group;

 SAT-SURF is manufactured and distributed by SAET s.r.l.,
a high-tech ltalian SME;

SAT-SURFER has been developed by the NavSAS Group.

A SSAET

clectronic solution

NavSAS Group

WWW.havsas.eu www.saetsrl.com
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Outline

5 — N-FUELS Signal Generator

6 — N-FUELS Demo

NavSAS Group

7 — Questions Session
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N-FUELS Introduction

FUIl Educational Library
of Signals for Navigation

N-FUELS | [ ——="""

NavSAS Group
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SignalRX

It is a MATLAB®-based
GNSS signal generator

It is able to simulate the
physical layer signal structure
for GPS, Galileo and EGNOS systems in all the current and future
bands, as seen by a GNSS receiver after A/D conversion

N-FUELS has been created both for research and educational use
First of all, the study of signals and systems innovation generates the
need of manipulating all the different GNSS signals

This helps in comparatively analyzing signals performance and
testing novel processing algorithms




Filz  Commands

Registration Help

FULL VERSION

N-FUELS - FUIl Educational Library of Signals for Navigatron

General
Signal Length [s]: 0.1 IF Carrier Freq [Hz]: o
Sampling Freq [Hz]: | 51150000 IF Carrier Phasze [rad]: 0
— Satellite Signal
# Satellites: 1 SIS Doppler type: Fixed w
more walues separated by spaces
hodulation © (GAL_ES w Dappler Freg [Hz]: o

PEM codes:

more values separated by spaces

1

more values separated by space:

—{ Noise & Impairments

more walues separated by spaces

mone walues separated by spaces)

Maise Fower 515 [dBWW]: C/MO [dBHz]: 45
O [dBYV/Hz]: 2013
[] Multipath / Interfarence CONFIGLIRATION |
ABCUT N-FUELS. ..
— RX Front End
Front End Filter Filter madel: 5 K 0. User defined fiter

1. Butterweorth, 4th order, BV = 4,092 MH:
2. Butterwearth, Sth order, BV = 2046 wH:

3. Butterwworth, 12th order, BWW = 51 15 hiH:

Code Delays [s]: 0 [ Group Delay compensat. . 4. Chebvshev. 2nd order. B = 378 MHz
[] Mavigation Data [] Transient compensation
— Quantization — Output
Quantization # Bit: 4 Dutput Folder: Dema Signal out clouble -
Codes double
— Plots -
Freq Doppler double
Code chip samp... Feceived signal
Signal spectrum Doppler Fraquency
e hteaite N = LOAD PARAM \ GENERATE SIGMAL
- = '.':_‘.i."-'
'SMB 9 Aﬁ.
IstitLina Supericre Mario Boollg > SAVE PARAM ‘ PLOTS EXIT




FULL version

Interference Settings [omy available ]

Disturbances Parameters

Disturbances Doppler Parameters

Disturhance type:

Continuous : [rterf. JAM Doppler type:

Sinu=oidal W

Continuo & Interf.
CW Carrier Freq. wert. IF [| wide Band Interf. Doppler Period [s]: 2
futtipath
: Irterintra-zystem Intert. . :
CWY Phase [rad]: Pulsed Confinuous Wave et Doppler Fhase Init [rad]: 200
CWY P oweer [dBW: 150 Wax Doppler Freg [Hz]: 31416

Ok
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Output Examples

Dapplar 1reql.|em§,r9arrple-s

........................................................

ived Sigral samples

[Signal samples | [ Doppler proflle ]

[ o 1 | N R ; ¥R ioped RO
";_'_IF:"l'!-"l'I

B | f [ ! | = {500.0012
= | 1 -

g | || ] ‘l i-'] 1500,001
oo fNLIRUR TR L 3

g | [ f'l.:u..J.n.lu
i | 2

fn :1.aJ_'|.I.IJu

15 Ona

P
=

:

:

| 1 L 1 L
= W W W LT I
@) ;
— Signal tm-ectrurn ) Gnce ship samples
) oall
< s 8 o2ff
cD Eﬂn %L 0
> 5 04
08 ........

© L L L UL

1% T a0 100 1I53 ESD 280 300

Sample inde:

Frarquinoy (MH2)
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Example — Signal Acquisition

Simple set of exercises
using N-FUELS outputs
?/ Analysis of acquisition
A parameters (coherent and
non-coherent integrations,

! O search space bins...)
— Q- Cold start vs. Warm start

c[n]——| FFT

[ FFT parallel acquisition scheme in time domain ]

FFT X IFFT L —

\V

Yir [}’l] C

90°

o

Frequency [kHz|

Coda Phase [me



Example — New GNSS Modulations

é’A? SAT-SURF & N-FUELS Presentation

| Available GNSS signals | A wide set of civil/not-restricted
- . modulations of the current and future
System Signal GPS, Galileo and EGNOS signals can be
GPS_L1 simulated using N-FUELS
GPS L1C Example: analysis of Gal_lleo_ E_5
GPS AltBOC(15,10) modulation in ideal and
o GPS_L2C Iy o
realistic conditions
: GPS—LS Received signal scatter plot (signal constellation) -6 i i lot (signal Jlati
o 1, ‘ 1 9 ‘ p 9‘ ‘ ‘ x 10 Recelve(‘i signal sca‘tterpot (SI?na conste‘atlon)
— GAL Elb_BOC oA AN T
O GAL Elc BOC Ay AR
D GAL Elbc BOC | [o/ 70/ e
<C | Galileo
W GAL_Elbc CBOC | ¢ - /\ /|~ [\
= GAL E5 S Wl T Nl e Ui Gy A N, Gl Iy i
CU 06-———NFLL T oL X A\
— GAL E6bc 08NN LT
EGNOS EGNOS '1-‘1 -o‘.s -016 »014 I»:Jéhasecomponoe.‘rz‘t o.‘4 o‘.e 0‘.8 ‘1 _115 1‘ _0.\5; ) bom 1015 \1 115




How to get N-FUELS

Y HayShS Group - Homw - Mezilla Firelos
Eis |Hodfics feusiers  Cronelngs  Spgraliel Sroeanti ]

ﬁn- c T L ———r - -Gl J

Pl vistati % Come nizisre L Ukime
Gacgle ¥ Gom-ie -

Polite
é’A? Istitu

Go to http://www.navsas.eu
and click here

Latest huwes Froen HavSAS Group
» BAT<SURF B SAT-SURFER Plslloim v2.0 &
i

NavSAS Group

Wid b 1 Qusil ohline

0119384




N-FUELS - Student Version

¥} NavSAS Group - NFUELS - Mozilla Firefox

File Modifica \Visualzza Cronologia  Segnalibri  Strumenti  Ajuto

O ¢ X © (Fim

| #a; NavSAS Group - NFUELS = =

s, navsas.ismb,it/ns/index.phpfoption=com_content&task=viewiid=1738Itemid =73

éjA Politecnico di Torino
§ Istituto Superiore Mario Boella

Latest News from NavSAS Group

Cer=meny for the and of tha fith =dtion of
the Master on Navigation ard Relzted
Appicstions

= SAT-SURF B SAT-SURFER Blstfarm w20 is
now zvziabiz

7th IEEE Gonsumer Communications &
Netwerking Gonference

= N=w Homs
Reseryed Area
*Chared N‘FUELS
NavSAS Pecple Full Educational Library of Signals for Navigation
<+ Peoplz
Main Menu
N-FUELS = 3 signal simulstor designad to offer = flexible and complets = to reproduce off-line GNSS signak st the ADC [Analog

frequency or at bassband, The signsl generstor czn
iotraccucter dnterecesters bondingted coptpicie

Click N-FUELS link and
download the software

to Digitel Canverter) output of & navigstion re
account for the sffects of multipath, Dopp i
wWave, 2tc.,.) an all the bands of nterests for
characteristics (squivalent ndwidith,
signal samples fter ADC convar
reception sigorthm that processes
coda mnd crrars tracking oo, O

The "Stident Version” downloadable hers has bean intantionally limi

NavSAS Group

f?_. Quick Tour

: = @‘ N-FUELS Studant Edition v1
e ST
ot

Who's Online & Further reagings: N-FUELS whitz paper

We have 1 guest cminz

=

&

Completato




N-FUELS - Student Version

 The folder contains both the software and the
user's manual

 All the instructions to get starting are included
In the user’'s manual

* In order to run the generator, MATLAB® has to
be pre-installed (or at least the MATLAB
Component Runtime library)

* The Student (Demo) Version has been
intentionally limited in its features with respect
to the FULL version of the generator
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Contact Information

SAT-SURF, SAT-SURFER & N-FUELS
have been designed and developed by the
NavSAS group, a joint team of researchers from
Politecnico di Torino and Istituto Superiore

S Mario Boella (ltaly).
o

O Our web site:

C</E> http://www.navsas.eu

(Q Contact us:

© sat-surfer@ismb.it

= n-fuels@ismb.it




Questions Session

www.navsas.eu
www.galileoblog.eu




Copyright

NavSAS Group ©, all rights reserved, 2010.

Personal use of this material is permitted. However,
permission to reprint/republish this material for
advertising or promotional purposes or for creating new
collective works for resale or redistribution to servers or
lists, or to reuse any copyrighted component of this
work in other works must be obtained from the
copyright holders. Copyright and all rights therein are
retained by authors or by other copyright holders. All
persons copying this information are expected to
adhere to the terms and constraints invoked by each
author's copyright. This work can not be reposted
without the explicit permission of the copyright holders.
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