gHB

DIGITAL

GSGSE
FINAL PRESENTATION

GNSS SIGNAL GENERATOR STREAMING EXTENSION
20/04/2022

“oHB

Digital Solutions . [ WEh g o & ‘

.....

iy,
iy ity o) B 15/ :
! T e = i
i 7 === = A
iy i | £ 7 = g - L P <
AT y / .
. R [ - A R 4
Py |" I, / =25] e .
i R
Ke Iy / = -
-

Innovationszentrum
Telekommunikationstechnik



AGENDA

GSGSE FINAL PRESENTATION // APRIL 20, 2022

on B W N =

Project Overview

Simulator Details

Product Demonstration

Conclusions

Q&A

“oHB

DIGITAL



GSGSE FINAL PRESENTATION // APRIL 20, 2022

PROJECT OVERVIEW



PROJECT OVERVIEW
FACTS & FIGURES

Programme

= NAVISP-EL2 -060

= GNSS Signal Generator Streaming Extension (GSGSE)
Duration

= 18 months (original contract) + 6 months (CCN)

= 02/2020-03/2022

Project Team

= = OHB Digital Solutions GmbH (OHB)

= W |nhnovationszentrum fir Telekommunikationstechnik GmbH (1ZT)

= H TeleOrbit GmbH (TOG)

ouB HIZT Tele@r-bit

Innovationszentrum

Digital Solutions Telekommunikationstechnik

The Locating Company
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MOTIVATION « oHB

PRODUCT HERITAGE & PROJECT GOALS DIGITAL

Product Heritage

=  GIPSIE: Software-based GNSS simulator

Real-time Interface

= S1000: High-end signal generator : (to be implemented) !

' Real-time Interface

—> Non-real-time digital baseband signal |« HTTP(or other) !
generation and RF playback | *+ Scripting commands i
Project Goals | Initial Settings /-' ‘*-\
i+ Time (mandatory) , | GSGSE -
= Achieve real-time signal generation (keeping | * GNSS Constellation / Signals CIpSIEe
the previous playback capabilities) i * Interference {optional) 12T $1000 / $1010
NI ing full i trol of si lati : GNSS multisystem
O_ng vl remote controt of simutation ! performance Multi-channel RF
environment (e.g., for HIL) | Real-time parametersto be simulation signal generator Output
_ _ _ _ _ | changed environment . GNSS RF Sienal
= Simplify user interaction and user interface |+ Receiver position, velocity, g
by improved visualization of connected Rx i accelerations, heading Q v
. ) . . N GN?S satellites/signals on/off * Signal generation using a parallel
= Simulation of multiple receivers and |+ Environmental parameters (e.g. FPGA implementation (to be

iono, tropo, multipath, etc.)

antennas with attitude control ]
'+ Interference

developed)

= ..and afew more
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DEVELOPMENT LOGIC “oHB

DIGITAL

* Requirements

Requirements System design

JREE 2 Analysis & System

Design
‘." + Validation &
_.' verification against
requirements

_ CDR
* Integration &

test plan

Software @ S1000 Simulator

Validation Simulator Upgrade

* Integrated and

* |Integrated and tested SW

tested system

System
Integration & » Integratedand

FAT TESting TRR tested HW

GSGSE FINAL PRESENTATION // APRIL 20, 2022



WORK PACKAGES OoOHB

PROJECT STRUCTURE DIGITAL

Original Contract

e WP 1000: Project & Quality Management [OHB]
e WP 2000: Requirements Analysis and System Design [OHB]
e \WP 3000: Software Simulator Upgrade [OHB]
e WP 4000: S1000 Simulator Upgrade [1ZT]

e \WP 5000: System Integration & Testing [OHB]
e WP 6000: Product Management & Business Planning [TOG]

mmw Contract Change Note

e CCN-01 WP 1000: Project & Quality Management [OHB]
e CCN-01 WP 2000: Attitude Simulation [OHB]
e CCN-01 WP 3000: EUT Visualization [OHB]
e CCN-01 WP 4000: Expert Mode [OHB]
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. MAIN FEATURES e - . - COoHB

'HIGHLIGHTED PROJECT'GOALS . | . | | - - DIGITAL

Simulation Outputs: Extended and sophisticated testing Software-based or FPGA-based
capabilities: signal modulation

= GNSS observables

= Real-time simulation control via GUI = Advanced interference and spoofing
= Baseband IF signal (digital) and API simulations
= RF signal (analog) = Remote control via TCP = Additional non-GNSS signals
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GNSS QUALITY ASSURANCE “oHB

INTERFERENCE SIMULATION AND ANALYSIS TOOLCHAIN DiEAL
— —
GIPSIE GIDAS
= Interference simulation capabilities: = GIDAS supports safety critical and mission critical GNSS applications:
— Jamming/interference, sophisticated and multi-jamming — Interference (jamming and spoofing) detection and classification
— Meaconing — Localization of the interference source
— Spoofing (asynchronous, pseudo-synchronous, synchronous) — Analysis and comparison of interference events
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SYSTEM OVERVIEW « oHB

THE GSGSE SYSTEM DIGITAL

= Hardware
— 1ZT S1000 RF-Signal Generator
— |IZT P1100 Memory Extension
= Software
— 1ZT S1000 GUI
— OHB DS GIPSIE GUI
= Equipment under Test

— Septentrio PolaRx5 GNSS Receiver
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SYSTEM OVERVIEW « oHB

GSGSE HARDWARE DIGITAL

= (1) 1ZT S1000 Signal Generator
— Generating and broadcasting GNSS RF-Signals

— 2 modes: ((D H B

— DAC + up-converting signals from IF to RF

— Live-generation of RF-Signals (GIPSIE-RTX)

Digital Solutions

= (2)1ZT P1100 Memory Extension
— Controlling S1000 (streaming data)
— Running S1000 GUI and GIPSIE GUI

GSGSE FINAL PRESENTATION // APRIL 20, 2022




SYSTEM OVERVIEW “oHB

GSGSE HARDWARE COMMUNICATION DIGITAL

= (1) 1GE ethernet interface
— Streaming IF signal data to S1000 (S1000 GUI)

= (2) 10GE fiber optic interface
— Streaming RF packets to S1000 (GIPSIE)
— High data rates!
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SYSTEM OVERVIEW
GSGSE SOFTWARE COMPONENTS

= S1000 GUI
— Controlling the Hardware components of S1000
— Streaming RF packets from GIPSIE to S1000

= GIPSIE GUI
— Satellite Constellation Simulator
— Generating:
— Pseudoranges

— Doppler

— Navigation Message Bits
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SETTINGS “oHB

OVERVIEW DIGITAL

Eile Simulate Mode Options View Help

= General Settings & Simulation Time ae Ee—— ——y
General Scenario Name Active Channels 3 o

sssss Upper L-8and Lower L-Band
~ v ™ Gps - B cps

— e.g., Update Rate, Quantization,

General Settings v/ GPSL1C/A GPsLacC
. v/ M Galil GPSLS1/Q
S 1 1 1 ® Time Integrate Orbit v/ Galileo E105 - [ M Galileo

Imulation Noise g
Tracking Loop Noise SBASL1 C/A Galileo ESb OS

~ || mm GLONASS = || = GLONASS

ﬁ Satellites v/ Reploy Noise GLONASS G1 C/A GLONASS G2 C/A
< ® Qzss ®1 Qzss

Runtime QZsSL1C/A QzssLzc
=  GNSS Channels ey

O remospre e o
— GPS, Galileo, GLONASS, BeiDou, SBAS,
QZSS, NavIC

JaviC
NavIC L5 SPS
@ Receiver
Cai tion
= Satellite Constellations () e

Signal

-rLr Multipath

= Atmosphere Settings

= Receiver Settings
— Trajectory & Attitude
— Antennas & Front-End

=  Multipath & Interference

— Jammer, Spectrum Jammer & Spoofer
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SETTINGS “oHB

SATELLITE CONSTELLATIONS DIGITAL

File Simulate Mode QOptions View Help

= Satellite Ephemeris and Clock Parameters r P — Homeies 0,

Clock Settings [~}

General
| | m O r‘t . V! Apply Satellite Clock Polynomial
p ° Apply Allan Deviation

. @ Time Ephemeris Settings
— RINEX or SP3 file formats

’@f Satellites B cps | M calileo | B BeiDou
— Internet sources O e e[

= AllE P hemeris data can be edited & recr e

Ephemeris Source

Load fromRINEX file | @m

= New Features: T vt o E

. oo . ((0)) Interference EPTNT - = = ~ = &
— Simplified Ephemeris Table oz - = ?
: SOLEAr ae oo g A 1
— Satellite Ground Track Plot i e ln \ [ I |
. . vi7 (158 |RSP| @ @ @& 1153 12600 g
— Default Constellations available DO " - : \J l \l
A — = : — A~
vi13 |18 ||RsP| @ | & 1153 0

© OpenStreetMap contributors

Note: The ephemeris set nearest to the simulation start is displayed.

Filename: gsgse.json
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SETTINGS “oHB

RECEIVER DIGITAL
= Receiver Trajectory supports two TN
models n' / \
o II,.-’ n —11'I] b,

— Interpolation

— Propagation

= New Features:

— Receiver Attitude Simulation:

States | FrontEnd = Antennas

— Attit u d e : E u I e r' A n g | es i n t h e Trajectory Model | State Interpolation v

Receiver Trajectory

. ) b d f — . \ 7]
+ i iti i = o 4 e
receiver’s body frame Tneoffet]_Pocion [ e el 2
= 48.1408739°  0.000 S ; :
=z 0.000 11.5588346° 0.000° e s Ingols > /
. - 519.000m 0.000° 4 ___der Donau £ 7 A
B\ 5
- A ng U Ia r Ve | OClty 48.1408739°  0.000° 0 \ Geisenfeld 1< )
r4 60.000 11.5588346° 0.000° /Mainburg v

519.000m  0.000° J
\JMoinzach

#)

48.1410498° 0.000°

Schrobenhausen

\
4 108.108 11.5563618° 0.000° {ngen Plaffefifofen Cands
518.692m  0.000° an o lim |
0 . b/ + |
48.1411428°  0.000° \ il h R
4 118.917 11.5551266° 0.000° S 7
518.384m  0.000° _‘\\ o B
48.1412217°  0.000° ugsburg Markt Indersfifir aufkirct
= 127.977 11.5538969° 0.000° f \ f (vils)
518.076m  0.000° /4 / Z.3 Erding
/ A\
48.1412561° 0.000° m)'-bvurm\ .ol /h,Gm‘('m“g #D_ovr!
4 134.033 11.5529743°  0.000° y Elreny (I g Y-osiMbncren
517.769m  0.000° / o2 Unterfohe /
in Furstenfeldbruck N\ Fu"'e'l\”h & Poing “ _J
48.1412786°  0.000° 32 e } AT sag in ¢
@ 139.612 11.5520540° 0.000° e (’f",’“":’”? £ Ehes i d
o B /ol \ aterstetten
517.461m  0.000 > i L LY : 4
- )dsberg T Gauting Urt©i1@penStreetMap;icontributors”
AR 1412Q68° N NNN° T \ ! L7 BBV XY
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SETTINGS “oHB

RECEIVER — MULTIPLE ANTENNAS DIGITAL

File Simulate Mode Options View Help

.
= New Features: ae F ot comect et Bsrowin @,
General Settings
General
Number of Receivers 1| +]|—

Selected Receiver ID 1 -

. . ® Time Active Yes ~
— Considering lever arms for 1

different antenna positions “

O Atmosphere
States Front End Antennas

— Considering antenna attitude | IS

Antennas in the Body Frame - o X 9

— Simulate multiple antennas:

A - laa Plot Antennas
eceive
seetver Selected Antenna ID 1~
-
Antenna 1 A €3 +Q)=
J | I~ Multipath Leverarm Antenna Attitude
b, [m] 2.000 Roll[7] 2.000
b, 3.000 Pitch [ 15.000
((‘)) Interference fm] Tl
b, [m] 0.000 Yaw [F] 0.000
“.] Antenna Gain
Basic Gain values for all patterns
Zenith 0° [dBiC] o|| Edit..
* | ¥ Zenith 180° [dBiC] -30
1 & Plot pattern
Add or select pattern Pattern for Azimuth 0
Receiver - 1 + Azimuth + Zenith Gain =
r '/// i = 15 -1.000
.,'-:"'"‘i - 4 30 -2.000
“1.1.‘ o = a5 -4.000
- o
vy [ 60 -7.000
A
;o = s -11.000 |~

s Filename: gsgse json
o Antenmna
S

J‘ a =N a,
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SETTINGS “oHB

|
H I h Ivl d I . V| Enable Atmospheric Delay
onospnere viodaels: [Z] cenera
Atmospheric attenuation [dB] | 2.00 |~
lonosphere Troposphere
— K I o b uc h ar ® Time Enable lonospheric Delzy v
lonosphere Model Klobuchar
. ﬁ satellites
—_ N e Qu I C k Import Model from File -
Madel Parameters
Q Atmosphere Klobuchar Parameters
a0 at a2 a3 Bo B1 B2 B3
I O N EX Te C M a pS 1.012550e-08 3333312e-08 -4.567774e-08 -1.955938e-07 8.2556800+04 5.406295e+04 1.689617e+04 2.4648548+05

N .
Receiver NeQuick Parameters

— Automatic conversion between T wotit
models

(1) nterference
= Troposphere Models:
— Galileo Reference Model -
— GPT2w
— Saastamoinen

= Default Values for all Models

= |mport from RINEX navigation or IONEX
files
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SETTINGS

INTERFERENCE

File simulate Mode oOptions View Help

= Different Interference Sources Be F vode N Corvect e o
General '{EnahlethissDuufe,

Time

— Jammer: AM, FM, SCW, WGN o D

— Spectrum-matched Jammer £ e p——

+ Time offset Power

Q Atmosphere & 0.000 5.000

§ Receiver
-rLI- Multipath

— Spoofer

= Affects all receivers configured

States
Trajectory Model | State Propagation Cartesian ~ ~

((-)) Interference

Spoofer  Target | Simulated Receiver

+ Time offset Position  Velocity Acceleration

- 47.0000000°(0.000 m/s|  0.000 m/s?|
= 0.000(15.0010000°|0.000m/s| 0.000 m/s*
- 350.000 m|0.000 m/s| 0.000 m/s?|
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SIMULATION MODES “oHB

DIGITAL

Base Mode RTX

= Offline mode = Realtime Mode
— Generates IF file on hard-disk (optional) — Generates additional outputs (i.e. RINEX)
— Generates additional outputs (i.e. RINEX)

= |F file can be replayed by Signal Generator

Base mode RTX Mode

GIPSIE RTX - High Level Input Output Schema GIPSIE RTX - High Level Input Output Schema

/

-

Software Qutput
Software Dutput

Scenario Inputs (required)
File Impaorts (optional) l

Runtime Input (optional) '

SCPI over TCPIIP

GIPSIE RTX

Binary File: IF File Output

Scenario Inputs (required)
File Imports (optional) l

Runtime Input (optional) '

SCPI aver TCP/IP

GIPSIE RTX File Output

Radio Frequency GNSS Signa

Hardware Output Radio Frequency GNSS Signa
IZT Replay Hardware (i.e. S1000) RE2

Radio Frequency (

Hardware Output
IZT Replay Hardware (i.e. S1000) RF2

Radio Frequency GNSS Signal 2
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SIMULATION OoOHB

SIMULATED RECEIVER DIGITAL

File Simulate Mode Options View Help

=  Qverview of simulated satellites and P

= E g ' # s
- ey A i /
. 5 | (a2 e ' ) '/ [&cps . : 0
recelve I"S 3 '—;i' o 53 Y [ ( Galileo Signals | Skyplot | _Signal Strength g
bq RIE \ Vo )\ \ R Receiver 1, Antenna 1 - g
T al 7 Y o | IR
= y GNsS|  Signal  PRN C/NO Received Power 3
E] )
H E 7 B GPSLICA 6 0.000 -163.182 s
" untime Amendment: 4
. 2l ! | GPSL1C/A 8 0.000 -157.752 J
- B GPSLICA 12 0.000 -155.145
g
2
Ch H H I t' t 5 B GPSLIC/A 13 0.000 -165.464
- 2
anging simulation parameters 3 N o
s
. . . . K] B GPSLICA 23 0.000 -167.728
g
while simulating possible « m i, e
%
B GPSLICA 27 0.000 -154.840
. . B GPSLICA 29 0.000 -156.147
— Receiver trajectory 3 = suoe o omo
i-~9 B GPSLIC/A 32 0.000 -161.911
i
. o B GallcoE10S 1 0.000 -162.451
— Satellite parameters W Gaiicotios 4 0000 166605
B GalleoE105 12 0.000 -156.314
. . B GalleoE10S 13 0.000 -158.882
— I\/Iultlpath obstruction masks W GelieoE105 15 0000 56204
B GalleoE105 18 0.000 -152.339

om 1000 2000

© OpenStreetMap contributors

— Interference parameters -

Receiver 1, Antenna 1 - I Go to (in map) Follow (in ma
. Ellipsoidal Position 47.0000000 ° 15.0000000 °© 350.000 m
— Parameters can be chan ge d via Cortesan positon 208433667 m 17914352 m ts42020763 m
Velocity 0.000 m/s
Acceleration 0.000 m/s?
['( P/|P commands from API ttude oo00 - o000 - 0000
Angular Velocity 0.000 °/s 0.000 °/s 0.000 °/s

SE FINAL PRESENTATION // APRIL 20, 2022




SIMULATION OoOHB

RECEIVER UNDER TEST DIGITAL

File Simulate Mode Options View Help

= Receiver under test data is visualized i i

s - '"\_\ \ %, Deviation / DOP | Satellites in View / SNR
= NMEA Messages supported ® o\ N
3 alr Y . ~ Deviation
— GSA, GGA, GSV a ~ I
g £ ( Y | Eos
3 =SSR =i ~ 20,3

= Connection via TCP/IP or Serial Port . o [ e

:
: :
f gt z TS £ N - iJ = 21 et ap——— | S
= Available Time Series R g "
V] Ny et 100 ' 120 ' 140 ‘ 160 ‘ 180
\ XY Epoch [s]
\ > my
. - R T T T S A T S .
— Position Deviation e
N i ~ Diluti f Pr
. -
D . | . f P . . \ 12,
— ilution of Precision _.
E © OpenStreetMap contributors g
. . . Receiver Nmea Messages g 1
:
— Number of Satellites in View =T 1
Ellipsoldal Position 46.9999992 °© 15.0000002 ° 349.540 m g 0.8
Cartesian Position 4209433.426 m 1127914.300 m 4642020.363 m ¥

— Signal to Noise Ratio o7
g Acceleration 0.000 m/s* r T T T T T T T T
100 120 140 160 180
Epoch [s]
= PDOP m HDOP VDOP
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LIVE DEMONSTRATION “oHB

GIPSIE-RTX CAPABILITIES AND USER INTERFACE DIGITAL

Toe Oct19 14:03:45
GIPSIE. Scenario fie - ml-mﬂgw-wgm-hwwmmmnw«nmm
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CONCLUSIONS
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CONCLUSIONS

CURRENT STATUS AND NEXT STEPS

Conclusions

= Project successfully completed by End
of March 2022

Product launched and actively
marketed by all three project partners

Numerous enquiries received already
First unit already sold

GIPSIE enables GNSS receiver and
application testing and development.

Next Steps

= Build a whole product family to cover
all GNSS simulation needs!
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Q&A
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THANK YOU'!

SASCHA BARTL DAVID GMEINDL MATHIAS DUREGGER

OHB Digital Solutions GmbH OHB Digital Solutions GmbH OHB Digital Solutions GmbH

Rettenbacher StraRe 22 Rettenbacher StraRe 22 Rettenbacher Stral3e 22

8044 Graz 8044 Graz 8044 Graz e
Osterreich Osterreich

Tel.: +43 316 890971 - 10 Tel.: ~+43 316 8909 ' g
Mail: sascha.bartl@ohb-digital.at la - 3 ’ uregger@ehbd:gﬂal at ’,.5

Web: www.ohb-digital.at - var'hb dlgltaIaL.— = | 23
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