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NavSAS research group

NavSAS is a joint research group of
ISMB and Politecnico di Torino
University operating in the satellite
navigation and localization sectors.

= NavSAS staff consists of 28 researchers.

= Research is focused specifically on advanced technologies for
GPS / EGNOS / Galileo receivers and applications.

= NavSAS cooperates with major industrial and institutional
players operating in the field.

= See hitp://www.navsas.eu & htip://www.galileoblog.eu
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Outline

1 — Master on Navigation
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Master on Navigation and related applications

with the cooperation of
INRIM Galileo Ferraris and UN OQOSA

B Istituto Elettrotecnico Nazionale -’
GALILEO (!{ﬁ%’) United Nations
FERRARIS AR 9
*i—" Ll// Office for Outer

Space Affairs
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Structure of Education in ltaly

The ltalian

. . Master 11 livello
Univers Ity SySte M  Specialising Master II level
Dottorato

(1 year)
af’[el’ 1 999 ‘ ‘ gh;r)ears)
[ ]

Specialising Master I level

~ Laurea Specialistica
(1 year) —— Master of Science
- yeary
T

Laurea
Bachelor of Science (BS)
(3 years)

Pre-University Education
(13 years)
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The first five editions

UN/ISMB Project ALPIP-Meftia Projects |l JEAGAL

Country - Students ==
Algeria - 1 Madagascar - 1 : CORNTY (.>ountry
Eqypt - 1 Mexico - 1 Argentina - 4 | Ecuador — 2 China - 6
. . Brazil - 2 Mexico — 1 Vietnam - 4
Georgia - 1 Mongolia - 1 c
lombia - 1 Peru - 1
Ghana - 1 Nigeria - 2 2o o
Haiti - 1 Pakistan - 3 )
- National funds
Iran - 1 Sri Lanka - 1
Jordan - 1 Vietnam - 2 Country
ASIAN-Zhong Guod Country Bangladesh - 1 France - 2
Indonesia - 1 Colombia - 2 Lebanon — 1
Vietnam - 1 Ecuador — Pakistan —
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Outline

2 — NAVKIT
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What is NavKIT

 NAVKIT is a tool for autonomous training on
satellite navigation subjects

 NAVKIT has been developed by professors and
researchers of the NavSAS Group

 NAVKIT has been developed as a task of the
ERIG project “Education Research and
Innovation in GNSS” funded by the GNSS
Supervisory Authority within the VI FP

ERIG

European GNSS Supervisory Authority

§A§ ICG 4 Saint Petersburg 15 September 2009 10/32



What is NavKIT

* The tool can be accessed via Web
(Wwww.navsas.eu) or can be installed as an
application on your own PC

* It allows to learn the basic concepts of satellite
navigation by means of a multimedia approach
v Videos (lectures)

v Exercises fully solved step by step
v' Self evaluation tests
v Frequently asked questions
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The Target Audience
* The content of the lesson is organized in order
to provide technical concepts also to non
specialists

* The tool is designed for students but also for
technicians and professionals in need of a
starting training in the field
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Outline

3 — Signal Generator / Analysis
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N-FUELS: GNSS S|gnal generator

DISTURBANCES
N-FUELS (FUIl Educational ___— NOISE
: : —
Library of Signals for T _-
NaVIgatlon) IS a | / RF section {not simulated) \\
B

MATLAB®-based GNSS SignalRX

signal generator;
It allows the simulation of

physical layer signal structu < =
for GPS, Galileo and EGNOS systems in all the current and future
bands.

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.
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SIS Modulations

N-FUELS: SISGEN & JAMGEN

«GPS < 5
L1C
L2C
-

('
< E1-BOC
] E1-MBOC
= Galileo =< Es
E6

-

= EGNOS
-

» Intra/Inter-system interference (IS): one ore more signals
among GPS, Galileo, and EGNOS;

» Multipath (MP): one ore more attenuated and delayed versions
Interference < of the SIS;

» Narrowband interference (CW): continuous wave (CW) signal;

= Wideband interference (WB): wideband signal modeled as
\_ filtered white noise.
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IN-FUELS - version 2.0

N-FUELS

|

J
rmore values separated by spaces rnore values separated by spaces
Signal LEI‘]QH’] [S]Z B0 IF GarrierFreq [HZ]Z 4120400 Noise Power SIS [EEW] om0 [EEHZ]Z a5
Sarnpling Freq [Hz]: 16357600 IF Gartier Phase [rd]: 031416 NO [CBWIHZ]: 15
[IMultipath / Interference SEI
] [ ABOUT NFUELS.. |
# Satellites: 1 SI= Doppler type: Fised j 4‘ !
more values separated by spaces

Modulation GPE_L1 j Doppler Freq [Hz]: 280 [%] Frant End Filter Filter madel: ] j 0. User defined filter

1. Butterworth, 4t order, EW =4.092 MH=

2. Butterworth, Sth order, BW =20 .46 MH=

more values separated by spaces 3. Butterworth, 12th order, BW = 51.15MH=
PRN codes: 1a 4. Chebyshewv, 2nd order, BW =375 MHz
more values separated by spaces
ooz Defays [3]: 0.0005 [] Group Delay compensation
[]Navigation Data [] Transient compensation
Quantization # Bit: 2 Output Folder: | cnods_sosec Sigral out schar j
[ Codes
Freq Doppler
Spectrurm Time Domain W iz By
[JCodes [1Doppler Freguency
l LOAD PARAM ‘ l GENERATE SIGNAL l
l SAVE PARAM l l PLOTS l [ EXIT

INJNA T JAdIiiL 1 oLl auuly 1w \JGHIG"'UG' <144 >4




N-FUELS - version 2.0

N-FUELS

|

INJNA T JAdIiiL 1 oLl auuly 1w \JGHIG"'UG' <144 >4

J
rmore values separated by spaces rnore values separated by spaces
Signal LEI‘]QH’] [S]Z B0 IF GarrierFreq [HZ]Z 4120400 Noise Power SIS [EEW] om0 [EEHZ]Z a5
Sarnpling Freq [Hz]: 16357600 IF Gartier Phase [rd]: 031416 NO [CBWIHZ]: 15
[IMultipath / Interference SEI
] [ ABOUT NFUELS.. |
# Satellites: 1 SI= Doppler type: Fised j 4‘ !
more values separated by spaces
Modulation GPE_L1 j Doppler Freq [Hz]: 280 [%] Frant End Filter Filter madel: ] j 0. User defined filter
1. Butterworth, 4t order, EW =4.092 MH=
2. Butterworth, Sth order, BW =20 .46 MH=
more values separated by spaces 3. Butterworth, 12th order, BW = 51.15MH=
PRN codes: 1a 4. Chebyshewv, 2nd order, BW =375 MHz
more values separated by spaces
ooz Defays [3]: 0.0005 [] Group Delay compensation
[]Navigation Data [] Transient compensation
[}
i i I -_—
Signal samples =
T T
Quantization # Bit: 2 Cutput Folder: cnié : :
100 B
[ | N T S | B | | RO T RN N S Y BN | | R A
[v] Spectrum [#] Tirne Darmain g | ‘
=
50 | i
[JCodes [1Doppler Freguency £ ; i
[} :
50 ] B o
l LOAD PARAM ‘ l GEMNERATE! Am 5
B0 | I L i |
n] &0 100 160 200 250
Sample ind=x
l SAVE PARAM l l PLOTS I l EXI1




IN-FUELS - version 2.0

[]Navigation Data

Quantization

Signal Length [s]: B0 IF Catrier Freq [HZ]: 4120400
’ Sampling Freq [Hz]: 15357500 IF Carrier Phase [rmd): 0.51418
# Satellites: 1 SI= Doppler type: Fised j
more values separated by spaces
Modulation : GPE_L1 j Doppler Freq [HZ]: 1=}
more values separated by spaces
PRMN codes: 15
more values separated by spaces
Code Delays [s]: 0.0005

Signal spectrum —

[v] Spectrum

[ Codes

FSD

'S M B

N-FUELS

|

Noise

[IMultipath / Interference

more values separated by spaces

Power SIS [cBYY]:

rore values separated by spaces
G/NO [cBHz]: a5
NO [cBWHZ]: 2013
SET
[ ABOUT NFUELS.. |

i !

Front End Filter

[] Transient compensation

[[] Group Delay compensation

Filter model:

User defined fitzr

. Butterworth, 4t order, EW =4.092 MH=
. Bufterworth, 8th order, EW =20.46 MH=
. Butterworth, 12th order, BW = 51.15MH=
Chebyshev, 2nd order, BW =375 MHz

RO
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Frequency (MHZ)

DSV T AMAN

l PLOTS

Signal amplituds

Received signal samples

T T T T T

i
200

7%
Sample ind=x
I [ EXII

50 100




<) N-FUELS - version 2.0

N-FUELS

Signal Length [s]:

more values separated by spaces

more values separated by spaces

&0 IF Cartiet Frag [Hz]: 4130400 Moige Fower SIS [cBW]: GO [dBHzZ]: a5 H
Sampling Freq [Hz]: 15357500 IF Carrier Phase [rmd): 0.51418
Doppler frequency samples
1500.002 T T T T T
15000018 oot .................................................... i
e [ :
D I r r f | 18000016 F - cevveees . ..................................................... 4
# Satellites: 1 SI= Doppler type: O p p e p O I e g 1800.0014 - 1
more values separated by spaces % I e e 0
Modulation : GPE_L Coppler Freq [Hz]: 260 Front End Filter Filter model; g
g 1800.004
=
more values separated by spaces g 1500.0008
PRMN codes: 15 =t :
5 1500.0006 :
=] 3
more values separated by spaces 1500.0004 ;
ade Delays [s]: 0.0008 [] Giroup Delay compensation ; :
1500.0002 ........................................... ................
. ) ) 1800 i : : : !
[]Navigation Data [] Transient compensation 0 0 100 150 200 280 300
Sample index
| | ,—l i 1
Signal Spestrum - Received signal samples

Quantization

45

[v] Spectrum

[ Codes

FSD

RATE:

Frequency (MHZ)

PLOTS

DSV T AMAN ] l

Signal amplituds

T T T T

EXII

: -
100 180 200 280 30

Sample ind=x




N-FUELS - Student Version

lavSAS Group - Home - Mozilla Firefox

Fle Modfica ‘isualizza Cronclogia  Segnalibri Strumenti 7
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Pill wisitati ’ Come iniziare |5 | Ulkime notizie
Google | v| (Gl cerca -<|,g; R R

Polite
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@ Impostazioni|
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Go to http://www.navsas.eu 1
and click here

Education
on Galileo and GPS

NavSAS
Technologies
and Tools

Latest Mews from MavSAS Group

SAT-SURF & SAT-SURFER Platform v2.0 is
niove &vailable

7th IEEE Consumer Communications &
Metworking Conference

Mew Home:

8/5/2009 Seminat From Andrew Dempster of
the University of Mew South \Wales

® SEAGAL project kick-off meeting

Reserved &rea
++ Shared

MNavSAS Pecple
“+ People

Mair MerL

¥ Home

-+ What s Navaas?

> Mavigation Lab

-+ Publications

-+ Research Topics

- Projects

++ Teaching

-+ Videos

-» Collaborations

“+ Links

= Mews & Events

-» How To Reach Us

¥ Technalogies & Taols
-+ Education on Galileo & GPS
-» Jobs & Careers

¥+ Gallery

> Conkacks

-» Theses

Companies

NAVK

el - T 7
EEREN S “

Search...

who's Online N a
we have 1 guest online
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Login
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N-FULES - Student Version

3 Nav5AS Group - NFUELS - Mozilla Firefox FEX

File  Modifica  Wisualizza  Cronologia  Segnalbri— Strumenti 7

(8] Pits visitati @ Come iniziare 5] Ultime notizie

éjA Politecnico di Torino
§ Istituto Superiore Mario Boella
Educati AN P Latest bews fram HavGAS Graup
on Ga|i|uec:222 GPS [T{M o SAT-SURF & SAT-SURFER Platfarm v2.0 is
el S

ot now available
=LA

-

@ = c fat | @ug | hitkp: v, navsas ismb,itins/index, php?option=com_rontentitask=viewsid=173&temid=75 b ' ,;.
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A

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

In order to run the generator, MATLAB® has to be pre-installed (or at least the

MATLAB Component Runtime library)
All the instructions to get starting are included in the user’s manual

A

~

> S TEaUNEISTTE TS Danwiai, TTEgUenty piar, T TTIETELYy, & FENADIE, LOUaT Tan-TEa T, SIMUTECn Of T receryen Sianal sampes
d after ADC conwersion is made available at a sampling frequency open ko the Uuser@#39;s setting, This allows the test of any reception

¥ Yideos algarithm that processes digikal samples in a completely controlled signalienvironmental scenario (e.9.: acquisition algorithms, cods and

-# Collaborations cartiers tracking loops, /Mo estimation algorithrs, interference or multipath detection and mitigation algarithms.

-» Links

3 Mews & Events The “Student Yersion” downloadable here has been inkentionally limited in its Features with respect to the Full generator,

- How To Reach Us

- Technologies & Tools

¥ Education on Galilen & GPS
-# Jobs & Careers

- Gallery
¥ Conkacts & N-FUELS Student Edition +1

- Theses

Seatch...

Click N-FUELS link and
download the software

Wwha's Online
‘e have 1 guest online
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Login
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Outline

4 — Software receiver
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Research on GPS/Galileo Receivers

NavSAS started its R&D activities R&D Activities:
applying advanced signal processing |
strategies to Galileo and GPS receivers * Receiver core

technologies
@ > FU”y SW and SDR
TODAY on Galileo receiver implementations

* NAV/COM integration
and data fusion

The first 2

N <
release of the [ \
Navigation -

N-GENE fully Software Receiver

\= .
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* Interference detection
and mitigation

SW receiver  Quality Control

IS ready!




N-GENE Software Receiver:
Performance

pr—
Menu

| EEom

Application Status.

= - Position Accuracy: r.m.s<10 m
using code-based measurements
= : ff_;'"i/;; and wﬂhout applylng carrier
i rz%ﬁé smoothing techniques
9 : 0 \ . . . .
== ||l ==l Mo - Time to First Fix in Cold Start mode
o i 3 3 élAﬁ
e Tl lower than 45 seconds

PO Clear STauistics.

| - Upto 20 channels

[T
T— | Dot || cmets | O Temimt | 5 wspecrum || ] ¥ visogram [ /N0 tat timare || [ Sueis | Appiication status
| Conhiguraten | N
Racaiver Qurput [ Channels = = ACQUIRING

A

Stop ‘

- GPS L1 8 bits quantization at a

sampling rate of 17.5103 MHz

- Galileo E1, GIOVE-A & GIOVE-B
signals, upgradable to Multiplexed
Binary Offset

easily

Code

- EGNOS, WAAS &A-GPS

(MBOC)

2
s

System Status

READY

Details of Selected Channel
Lock Status of Tracking Loop: ON

Estimated Pseudorange Precision:  0.00000000

Accumulated Doppler Frequency:  0.00000000

[ C/NO Last Estimate

o
C/NO Last Estimate

&

[ satetites

Tracked -4

EPL Correlation Plot

Satellite Elevation: 64.43506
Satellite Azimut: 164 43146

o e
= Not Tracked

Configuration
Receiver Qutput

s
ERD
5
)
1 [4 [ G GPS4 GPS2 GPSB G, B
Channel 180
<
5] (cn3) Early Prompe ..
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Outline

5 — SAT SURF / SAT SURFER
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SAT-SURF & SAT-SURFER

A Tool for Practical Training on
Satellite Navigation

e Mario Boella

=ICO 55
él A§ S M B - SACET
é"‘?



SAT-SURFER Software Architecture

E i

......

Graphical User File Logs
Interface L
L ™
Data Logger Matlab,

{ Settings

Text, Rinex, KML

Core Application

Il Bl

Il

|

Driver Driver
uBlox

Driver
SiRF

] GSM Modem

{ Driver
NTrip DGPS

,_;B

SAT-SURF HARDWARE
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SAT-SURF & SURFER Features

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 —

Navigalion Data

Messages
° Position Data 5 g . DOPData
modem (worldwide coverage) for
Velogity (mfs] |0 o 0 LoCEI e SRl
Error 3D (m] 443269175362081, Pos Type |Stand Alone GNSS Time Data
: = Latitude 45°3'54 972 Alitude | 305,489 WN 1504 TOW | 486085.001
NAV/COM integration e = = e
SatelliteD ata
Satellites in View |12 List of Satellitesin View |367 1516181921 22252627
w;‘ Satelitesin Fis |11 List of Satelites in Fis 3671516191921222527
(]

GPS Time: 15:01:25
UTC Time: 15:01:11

4 — Raw data storage in the various file —

1Ha0vm Al |swopan | PR popep  EEES cnoeh Towls Wh -
e i Daleatta R o128 5228 106625924324 | 41.0 ABE0B49%8 1504
0 rm a ts O r a n e a S O S t- ro ce S S I n o 118 FRIC 7 2262|1366 123657247988 | 400 gensedse |10
L4 fled oslor. E 200548043 | 24387 126251693486 | 6.0 4pe0Be3% 1504
2.21-54- 2535 ¥ s urasese | o41e7 128511594106 | 400 ABE0B43%8 1504
0 B 1se21128d | 27827 T13%6234.255 | 500 se0seg% 1508
[ AS c I I E xc e I ® & M AT L A B ® fl I e S Eena bl a2 Nwosaz | 3w 50323022310 | 460 ge0se9%8 1604
) . 2 resses 41880 s 27z 430 4EE0R439 1504
1 40| 2608 7EN5EHI | 510 ABE0BA9%8 1504
° RI N EX 2 / 3 L o g 18 0304585 1980 90319190977 | 480 gensedse |10
3 195276762 | 4445 838556279 | 500 4pe0Be3% 1504
19 2Nemez7I2 | 46848 1501330 | 450 Be0843%8 1504
B onazn2s  7eas 126519258284 | 37,0 gE0se9% 1608 v

uBlox Connected MTrip Disconnected

&




SAT-SURF & SURFER Features

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
Tool students. This is then a perfect tool for a lab dedicated

to ICT technologies.

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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Partnership

« SAT-SURF and SAT-SURFER have been designed and
developed by the NavSAS Group and represents a
technology transfer example;

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

« SAT-SURFER has been written by the NavSAS Group.

é’A§ L2AET

WWW.Nhavsas.eu www.saetsrl.com
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Contact Information

NavSAS Group
navigation@ismb.it
Tel.: +39 011 2276200

Our web site: http:/www.navsas.eu
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