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IGASPIN GmbH

Privately owned company (SME)

— Founded in 2015, operational since 05/2016
— Legal form: GmbH (grindungspriviligiert)

— Located in GRAZ, Austria
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IGASPIN GmbH

Focused on

v' Satellite navigation,

v GNSS interference detection, mitigation, and localization,

v GNSS software receiver (with exclusive right to develop and sell IFEN SX3 software receiver).
v' Artificial intelligence in GNSS realm.

Personnel
* Currently 5 employees

» IGASPIN is looking for more personnel.
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General Objectives

Objectives of NAVISP call for 5G PNT projects

Implementation of pilot projects to demonstrate the viability of 5G PNT solutions in use cases
representative of Industry 4.0, smart cities and critical users demanding a robust back-up to satellite

navigation positioning and timing.
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Problem definition

Seamless indoor/outdoor positioning and timing
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Proposal by IGASPIN

Integrating 5G with an Indoor GNSS Signal Manipulator and Repeater
for seamless indoor/outdoor PNT

(5GInOSEG)

TRL
1. Design and implement an advanced indoor GNSS signa
. _ Nt an advancec GNSS signal
manipulator and repeater (Tuti) aaaaiaa ==

—_— iR
*

| 2. Design an integrated 5G/GNSS receiver equipped with IMU
and monitoring modules
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Proposed system hierarchy

‘ System hierarchy ‘

Environments { Indoors J l Outdoors J

1
| |

Signal Receivers/Transmitters Transmitter J Receiver J { Transmitter }

Receiver J

Components 5G gNB

T T
Integrated 5G-GNSS GNSS

to be :/é&z}//m/ \
& mplomented o be c/@@//{ ed
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Indoor
positioning

principles and
algorithms




Review indoor positioning: principles and algorithms

* Indoor positioning applications
— Factories
— Airports and railway stations
— Supermarkets and shops
— Hospitals
— Tunnels
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Positioning
technology

GNSS
Pseudolite

Mobile networks
WiFi RSS

WiFi TOF/AOA
UWB TOF
RFID active
RFID passive

Bluetooth RSS
Barometer
Sound
IR marker or
reflective
element

IR Light
Image feature
matching

Magnetometer

Electromagnet ic
system

Light Image marker

Light
Image feature
matching
Tactile
On user device
Tactile
Environment
Tactile Odometer

Stand-aloneness Accura ran, (;‘l;;crag:'ti nin; Costotine Priv.
& Y {IAHgE0 Seposivonng Infrastructure vacy
signals)
Stand-alone 4m-7m Generally available outdoors iyl Pot.mds (e High
already existing)
Stand-alone 3m-7m ~50km ~E100000 per High
transmitter
Millions of Pounds
Stand-alone im ~ Afew km (Bntaireadyeriiing) Medium
20£-(more than £50)
Stand-alone 2m-4m 10cm-50m per Medium
Access Point
Stand-alone 1.7m-10m ~25m >£50 (AP Prices) Medium
Stand-alone 15em ~5m-175m Expensivg laboratory Medium
equipment
Stand-alone 1m-3m/ 30-100m >£10 per tag Medium
Stand-alone 15cm-50cm ~2m =£200>€1000 per Low
reader
Stand-alone 2m-5m (125m, 150m in open fields) £5-£30 per tag High
Assistive 33cm-0.2m Ubiquitously Not applicable High
Stand-alone lem-1m ~3m-10m/ £10-£100 per node Medium
10cm6m(for ~6m (depends on tag £1 (marker)-£10 Low (for environment)/ high (for
Stand-alone active -
placement) (camera) user with the camera)
Badges
~£1 per thermopile-
Stand-alone 0.2-0.8m ~6m- 10m €8000 micro- LowiUercuvironment)/ higa(for
user with the camera)
bolometer camera
Stand-alone 1mm for Hi 2
. i igh for sensor but low for user if
(needs magnetic permanent 1m magnetic fingerprint map >£2*n s
carrying a magnet
maps) magnet
Stand-alone dtiotthe ~5m-20m ~£16 per mm”"2 Low
range
Stand-aAloAne and trm:30eh | ~6im (résolution deperdent) >£10 for marker High (if user carries
Assistive amount the camera)
~10em (1%
Stand-alone drift for ~6m (resolution dependent) ELDEII0 R High (odometer and user carrying)
camera
odometer)
Assistive Ubiquitously High
= A
Stand-alone 4cm-40cm Ubiquitously i E_ﬂ::)s R Low
Assistive Ubiquitously High

Review indoor positioning: principles and algorithms

Ref:

Basiri, Anahid, Elena Simona Lohan, Terry
Moore, Adam Winstanley, Pekka Peltola,
Chris Hill, Pouria Amirian, and Pedro
Figueiredo e Silva. "Indoor location based
services challenges, requirements and
usability of current solutions." Computer
Science Review 24 (2017): 1-12.

5GInOSEG- Final Presentation

11




1. Over the past few years, the 2. This is particularly
3GPP has been developing the 5G - \ / regarding time- and
also known as NR - as the next angle-based positioning
wireless communication system. methods.

3. However, these methods also suffer different problems such as
multipath and low signal power in different scenarios for example

indoors.
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5G Positioning Technology

5G evolution

Low latency Extreme capacity
Low as 1 ms High as 10 Mbps/m?
Extreme mobility . . High data rate
High as 500 km/h A . 1 User data as 100 Mbps
also the target foreMBB S o . 20 Gbps peak data rate
URLLC
Ultra Reliable eMBB
Low-Latency ( icati hanced Mobile Broadband)
Ultra reliability N ~ = N High spectrum efficiency
Minimum reliability of i g Peak as 15 bps/Hz uplink
99.99 % success probability 30 bps/Hz for downlink
for up to 32 bytes within 1 ms mMTC
Massive Internet of Things/
Massive Machine-Type
, Communications \
Low complexity g 5> i High connection density
' High as 10%km?
Energy efficient
Factor as great as the

traffic increase

1980
1G: Mobile voice calls

1990
2G: Mobile voice calls and SMS

2010
4G: Mobile video consumption
and higher data speed

2000
m 3G: Mobile web browsing

2020
‘ 5G: Technology to enhance
experiences and drive
digitalization of industries
v

® Voice ® ...and Mobile broadband ® ..andIoT @ ..and?
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5G Positioning Technology

The evolution of positioning support in 3GPP standardization

4G LTE based positioning

5G NR based positioning

5G Inter-RAT based positioning

3GPP
Rel.9 Rel. 11 Rel. 13 Rel. 14 Rel. 15 Rel.16 Rel. 17 Rel. 18
Releases
Studv LTE Ind GNSS RTK and
ndoor
YV ool NSA NR L Industrial
Key Support for UTDOA enhancement positioning t Positioning 0T
support,
positioning LTE support to cover the enhancements, L framework | . i TBD
L ) sensor ) integrity for
features positioning for LTE requirements | LTE-M, NB-IOT with NR oL
. measurement positioning
for indoors support i
reporting
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5G Positioning Technology

* LTE positioning

Over-the-Top

AGNSS

Cell ID

Enhanced Cell ID

Downlink Observed Time Difference of Arrival

Uplink Time Difference of Arrival
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5G Positioning Technology

Comparison of LTE location determination technologies

| AGNSS ECID DL-OTDOA UTDOA Hybrid AGNSS
Same as normal (TA, .
UE impact Yes No R i) s el | o (e P i No Yes
. eNBs and process)
measurements forlocation
No No Yes Yes Yes Yes
Moderate (assistance . .. . .
Air interface capacity impact RTEV s o gl No MOdeggérgggr(lllilog:l\g)A 2 High ~1% due to PRS Riftsre g)r;cigr;l)ental S8 ngg’l‘(];?;z; as
AGPS data by UE) ’
UE battery impact High None None Low None High
Sector size . . .
Accuracy A o] | - A0 s | o oS G T 50-300m 50-300m S (i
(~50-1000 m) in/outdoors)
accurate)
(Fssoftes e)flSts' Outdoor cells: environment Outfioor aellla Outdoor cells:
Indoor UE support and very good with or . environment- .
Poor : . dependent. Indoor cells serving environment-dependent. Good.
performance without indoor dependent.
local UEs: good. Indoor cells: good.
cells. Indoor cells: good.
R9 (assuming
3GPP Release R9 R8 R9 R9 R11 OTDOA or ECID)
Scalability to all UE W Mlisigmieny Will add minimal T Will increase network Will add minimal W Weslgstiitermityy
L increase network s Will increase network traffic . s increase network
Positioning . additional traffic traffic additional traffic .
traffic traffic
R ESHT T gnel0i8 UE has to berequested ~ Nearreal-time il pplbemegiesssi, s UE has to be requested 6 7 (~seco.nds) Lt e 1
response gated by processing requested
Network dependency UE centric can bypass Network-centric Network-centric but UE Network-centric but UE N e T UE centric but
operator dependent dependent

network-dependent
Ref: Cherian, Suma S, and Ashok N. Rudrapatna. "LTE location technologies and delivery solutions.” Bell Labs Technical Journal 18, no. 2 (2013): 175-194.
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5G Positioning Technology

*  Specific signals for 5G positioning
— To enable more accurate positioning measurements than LTE, new reference signals were added to the NR
specifications:
* Downlink positioning reference signal (DL-PRS)
— Each base station can then transmit in different sets of subcarriers to avoid interference.

— several base stations can transmit at the same time without interfering with each other, this solution is also
latency efficient.

* Uplink sounding reference signal (UL-SRS)

— The SRS is transmitted by the UE for uplink channel sounding, which includes the channel estimation and
synchronization.

— Both UE and gNB must know the SRS to utilize the channel sounding function.
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5G Positioning Technology

NR positioning methods

Downlink Time Difference of Arrival (DL-TDOA) Positioning
Downlink Angle-of-Departure (DL-AOD) Positioning

Uplink Time Difference of Arrival (UL-TDOA) Positioning
Uplink Angle-of-Arrival (UL-AOA) Positioning
Multi-Round-Trip-Time (Multi-RTT) Positioning

Enhanced Cell-ID (E-CID) Positioning
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5G Positioning Technology

 Comparison

Indoor Hotspot, 4 GHz, 100 mHz, 30 KHz SCS
T

1 1 — T s T
/
0.9 0.9
= =multi-RTT
0.8 e UTDOA, T1 =50 nsec 0.8/~
----- UTDOA, Perfect Sync
0.7F m———OTDOA, T1 = 50 nsec - 0.7
|=OTDOA, Perfect Sync|
0.6 0.6 /
& 4
Q051 - Q05 ===OTDOA, Perfect Sync
L =—=OTDOA, T1 = 50 nsec
= ==UTDOA, Perfect Sync
gidl. 1 0.4 == =UTDOA, T1 = 50 nsec
s ulti-RTT
0.3 0.3 == OTDOA+AOD, Perfect Sync
== =OTDOA+A0D, T1 =50 nsec
02 il 0.2 === UTDOA+A0A, Perfect Sync
= = = “UTDOA+A0A, T1 = 50 nsec
01F i 0.1
ol N T S ¥ S SN A e b = - e e
102 107! 10° 10’ 102 10 10 10 10 10 10

Horizontal Distance Error in meters Horizontal Distance Error in meters

Ref: R1-1903021, "Evaluation results for RAT-dependent positioning Techniques”, Qualcomm Incorporated.
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5G/GNSS Integrated Receiver Design

e Problem definition

— The 5G system is very attractive by design for navigation purposes due to the following reasons:

v High carrier frequencies
»  Precise carrier phase and
»  Lower multipath effects due to high path signal loss.
v' Abundance
»  Lower signal path loss of mmWaves by using beamforming techniques and small cells.
v' Geometric diversity
»  Cellular towers have favorable geometry by the construction of the cells to provide better coverage.
v' Large bandwidth
»  Less susceptible to multipath errors.

v High received power

»  More than 20 dB-Hz stronger than GPS signals.
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5G/GNSS Integrated Receiver Design

* Problem definition
[XI However, 5G still suffers the multipath and NLOS interferences.

100 100
90 r 90
80 80
70 70
X 60 < 60
(] ()
& 50 & 50
[ = c
8 8
g 40 5 40
a o
30 30
20 20
10 LOS (0.48m) | 10 LOS (0.77°)
NLOS (8.66m) NLOS (34.32°)
00 5 10 00 16 2|0 3;.')
Round trip time error [m] Angle of departure error [degree] Carl Rydhoim ‘and William Pommer, *Hybrid Positioning

Solution Using 5G and GNSS”, M.Sc. Thesis, Department of
Electrical Engineering, Linkoping University, 2021.
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5G/GNSS Integrated Receiver Design

*  One solution:
— GNSS+5G

85 ! ' : I
A Reference Position
Integrated
i Non-integrated
80 N { _
E
- 75r 1
9
D
2
€ 70f 1
=]
=z
65 1

60
160 180 200 220 240 260 280 300 320
East position (m)

Yin, Lu, Qiang Ni, and Zhongliang Deng."A GNSS/5G integrated
positioning methodology in D2D communication networks." [EEE
Journal on Selected Areas in Communications 36, no. 2 (2018):
351-362.

100 - - .
90 r
O ———m

70 1

60 5

NLOS, 0 sat. (121.81m)
NLOS, 2 sat. (171.61m)
NLOS, 3 sat. (2.41m)

NLOS, 4 sat. (2.22m) ]

40

L

Percentage [%]
(4]
o

30

20 1

0 1 1 L 1 L L 1 L
0 20 40 60 80 100 120 140 160

Position Error [m]

Carl Rydholm and William Pommer, “Hybrid Positioning
Solution Using 5G and GNSS”, M.Sc. Thesis, Department of
Electrical Engineering, Linkoping University, 2021.
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5G/GNSS/IMU Integrated Receiver Design

* Design ofa GNSS/5G/IMU receiver-Software and methodology
— High-level architecture

Software
5G Antenna 5G Signal Processing
Channel 1 N\ . .
Channel 2 \
y H 4 N\ 4 ™\
5G Front-End *f Channeln H
Acquisition Tracking
GNSS Antenna CI— Nav Sol EKE PVT
GNSS Signal Processing
Channel 1 \
GNSS Front-End Channel 2 \
.'. Channel n g ) L J
Acquisition Tracking
DR IMU error. :
IMU Strapdown
Computation IMU Trajectory
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5G/GNSS/IMU Integrated Receiver Design

* Integration

— IMU integration
* The IMU trajectory is passed to the EFK and serves there as the
base trajectory.
* The GNSS signal tracking process is controlled by the EKF using the
principles of vector tracking.

Software
5G Antenna 5G Signal Processing

5G Front-End

GNSS Antenna

GNSS Front-End

NavSol |—| EKF [+ PVT

) IMU error
IMU Strapdown |
Computation J IMU Trajectory
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5G/GNSS/IMU Integrated Receiver Design

* Monitoring

— Stream-based algorithms ——

*  Spectral monitoring 5G Antenna 56 Signal Processing
— Receiver-based algorithms Ch:::i:n \\
e PVT monitoring 5G Front-End - Chammeln ( A
— Channel-based algorithms Acquisition || Tracking
* Signal power monitoring GNSS Antenna )
Nav Sol

GNSS Signal Processing

Channel 1
Channel 2

GNSS Front-End

*.f Channeln

. J/
Acquisition Tracking

r

IMU error
Strapdown
Computation IMU Trajectory
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5G/GNSS/IMU Integrated Receiver Design

Design a GNSS/5G/IMU receiver-Hardware

GNSS section

— GNSS antenna
* asimple, cheap, and small omnidirectional antenna

Example:

uBlox ANN-MB-00-00, multi-band (L1, L2 /E5b/B2I) active GNSS antenna for
BeiDou, Galileo, GLONASS, GNSS, GPS signal reception

JIGASPIN.

!
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5G/GNSS/IMU Integrated Receiver Design

* Design ofa GNSS/5G/IMU receiver-Hardware
*  GNSS section
—  GNSS front-end

* IGASPIN GmbH has the exclusive rights in the last 8 years to use, modify and adapt the SX3 Navigation
Software Receiver

Software Receiver GPS Galileo Multi- Real-time Acquisition PVT
S e L1C/A E1BC correlator and Tracking estimation
: e <: SX3 yes yes yes yes yes * yes

7 —-— ARAMIS yes yes yes yes yes yes
E L‘_} AR SoftGNSS v3.0 yes no no no yes yes

8 L f GNSS-SDR yes yes no yes yes * yes
SX3 software and hardware - Galileo Satellite es es es es es es
Navigation Ltd. y y y y y y

* Several different acquisition and tracking strategies are possible
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5G/GNSS/IMU Integrated Receiver Design

* Design ofa GNSS/5G/IMU receiver-Hardware
*  5G section

- Antenna Some famous 5G antennas in the market
Compan Product Frequenc Operating band Gain Dimensions VSWR
_ mc/ 162020(MC014526- 617-960MHz / 1710- GSM/ISM/UMTS/LTE/ R _
| Tscnlmomctfs SG) 6000MHz SG/WLAN 2 dBi -7 dBi 164-mm, ﬂ 48mm <2.5:1
i 221 26.95
QUECTEL  YE(001BASG 600-6000MHz ~ WorlwideSG/LTE g 4, mm X 2695mmx 4
band coverage 13.5mm
a Antenna-Coach-5G- 2408 - 2480,5150 - 4 x Dual-band WLAN 42dg‘ /(Vlva?;l\] 112 mm x 90 mm <
4L4W 5850 24/5GHz (WLANS) 550 g =
n ﬂ S u JIROUSJRC-24 MIMO 5.4 -59 GHz 5G 23,6 £ 0,6dBi @ 38 cm <1,5
AROUS
TA@ut wvmace6-60.55p 2X617-960/1710- 4G/5G 26+3dBi  20-50/(0.78-196)  <2.7
panomma-antennas 6000
Laird 829MHz, 1,561GHz,
El_lr____;. FTRA6971M5PB-001 2,1975GHz, 3,75GHz, 5G 6.4 dBi 84.00 mm <2.0:1
- 5,2GHz, 6,5625GHz
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5G/GNSS/IMU Integrated Receiver Design

* Design ofa GNSS/5G/IMU receiver-Hardware
*  5G section

- Front-end Some famous 5G devices to be used as 5G section in the proposed receiver.
RF frequenc GPS-
Company Product q Y Bandwidth Disciplined
range Oscillator
<5dBin (10 MHz / 3
GHz)
NATIONAL 4dBin(3GHzto 5
< / WoTROMBNTs  USRP-2055  1OMHzto6 o gq .y, <#dBin(3GHzto 0dBto95 4550000 Yes
U e GHz GHz) dB
L]
<8dBin(5GHzto 6
GHz)
NO
RF: 24 - 44 . NA (Conv-
=
AL upBoxsc  GHzIRO0O1to  10oMHz 138 dfg"(‘;gzg GHZtO o Sion Loss NA (100MHz
14 GHz 12dB) input
/output)
Zyn(lq);{gSoC Upto7.125GHz  400MHz NA NA NA NO
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5G/GNSS/IMU Integrated Receiver Design

 Design ofa GNSS/5G/IMU receiver-Hardware
e IMU section

Some important features of the potential sensors

; Accelero- Gyro range  Power Supply
Manu;z:l:tnlgeerr Bt Manufacturer P{;T DOF meter Range voltage Size (in cm) Extra Sensors Output type
(°/sec) (Watts) (Volts)
HG1120AA50 Honeywell Aerospace 999 9 +16 500 <0.4 3.0-5.5 47x44x14 54 Magneto- CAN,SPI,
meter UART
TARS-HCASS HoneywellSensingand 5, 6 +78 +245 <05 4555 13.8x 13.8x 2.8 170 - CAN
Productivity Solutions
ADIS16505 Analog Devices 270 6 +8 £2000 <0.2 3.3-3.6 15x15x50 13 - SPI
BMI08S Bosch Sensortec 3 6 +24 +2000 <0.02 2.4-3.6 0.45x 0.30 % 0.09 NA - 12C,SPI
i SPI,
M-G3 64 EPSON NA 6 +3 +200 <0.05 33 24x%24%x10 10 Temperat-ure
Sensor UART
Hillcrest Laboratories SPI=3 Magneto-
FSM-9 ' 276 9 +8 +1833 NA 3.7x23x9 NA SPI, USB
Inc. _ meter
USB=5
NavChip Thales Visionix- 450 6 +16 +2000 <0.22 3.25-55 1.25x 2.45 x 0.54 3 Temperat-ure  SPI, TTL,
InterSense Sensor UART
ICM-20689 TDK InvenSense 7 6 +16 £2000 <0.1 1.71-3.45 0.4%0.4%009 NA Te“;‘:l‘;tr'“re 12, SPI
Northrop Grumman
PIMU-I LITER G NA 6 +30 +1000 <8 5.0 @85 xH60 680 - RS$422, HDLC
. . Magneto-
Ellipse 2 Micro IMU SBG Systems NA 9 116 +450 <0.4 4-15 2.68x 1.88 x 0.95 10 e RS232, CAN
ISM330DLC STMicro-electronics 10 6 +16 +2000 <0.003 1.71-3.6 0.25x 0.30 x 0.08 NA - 12C,SPI
MTi-1 XSens Technologies BV 151 9 *16 +2000 <0.1 2.19-3.6 1.21x1.21x 0.2 0.6 Magnetometer I%J%lsk?l
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Target receiver specifications
CGNSSSoftwareUnit

Satellite Tracking

GPSL1C/A&L1CGPS L2P & L2C GPSL5

Galileo E1 B & C Galileo E5a Galileo E5b Galileo E5ab AItBOC
Galileo E6 B& C

GLONASS G1 GLONASS G2

BeiDou B1 BeiDou B2 BeiDou B3
QZSSL1CA & L1C QZSS L2C QZSS L5 QZSS
NavIC(IRNSS) L5 NavIC(IRNSS) S-band

SBAS L1
Measurement rate up to 25 Hz
Measurement latency <70 ms
Acquisition sensitivity 19 dBHz
Tracking sensitivity 10 dBHz
Code accuracy <20cm
Carrier accuracy <1 mm

Mean TTFF

Real-IF sample rates

<1 swith ephemeris & position
<10 s with ephemeris

<55 s cold start

20,100, and 200 MHz

IF-sample bits

2, 4, or 8 bits

RF bandwidth

50 MHz

5GInOSEG- Final Presentation
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Target receiver specifications

Subcarrier Spacing (kHz) 15
Symbol duration (us) 66.7
Bandwidth (MHz) 50
Number of slots in a subframe 1

bandwidth

Frequencyrange 10 MHz to 6 GHz
Frequency step <1 KHz

Gain range 0dBto 95 dB
Gain step 1dB

Frequency accuracy 2.5 ppm
Maximum input power (Pin) +10 dBm
Maximum instantaneous real-time 80 MHz

Noise

10 MHz to 3 GHz <5
3GHzto5 GHz <4
5GHzto 6 GHz <8

Analog-to-digital converter (ADC)

Resolution 14 bit

IGASPIN. 2
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IGASPIN. 2

Target receiver specifications
mo ]

Standard full range: 450 deg/s
Gyroscope In-run bias stability: 10 deg/h
Noise density: 0.01 2/s/vVHz
Standard full range: 20g
Accelerometer In-run bias stability: 15 ug
Noise density: 60 pg/vHz
Magnetometer Available
Interfaces
Interface to computer USB 3.0
2 RF in (GNSS-5G) TNC female (50 Ohm) for Single/Dual-RF, SMA for Quad-RF
1 PPS out BNC female (50 Ohm)
1 external trigger in BNC female
10 MHz external oscillator in BNC female (50 Ohm)
10 MHz internal reference out BNC female
IF-samiles for iost-irocessini from file
Computer system High-performance Intel Core-i7 based HW
Supported operating system Windows 10

Confiﬁration and control local GUI or remote via TCPiIP
Power 12V -36W
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Target receiver sepecifications

General performance

Positioning accuracy (open sky) <3m
Positioning accuracy (indoor) <5m
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Indoor GNSS Signal

Manipulator and
Repeater

Tuti




Problem definition

Seamless indoor/outdoor positioning and timing

IGASPIN_, 5GInOSEG- Final Presentation
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(B
S vt Tuti Performance

T

* The infrastructure created by Tuti

Blocked

Directional
Antenna

Seamless indoor/outdoor
PVT estimation
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| SPP Residual [m] | 028 158 185 14 76 am 8 R -3.30 151 205 wm
PR Accuracy [m] | 215 2n 11 28 212 115 148 ] 927 481 556 525
an an an 412 an an 4 an 380 280 80 280
L] L]
04731720331 o
06721720231 B 3 o ok
06721720321 sump on s
= b Appiad Coc Eror ]
e on 18 2000000
e on
sump on
i - s
Bump poy Faaim
s b
e o [ p—
Bam o Cooranate |
s - arseast a1
np oy Xty ]
= o 2m
s o kg
2um - 7 semozsiz
- - et scsances
06/11/2022-14:86:10 Bump Summ (D) o
06/31/2033+14:88:12 Bump e (3) om 30 Poston dce. [} 436
L3

Lemaii oo Galales/EL
Levell - Galilec/EL

274| 14i20= 30 Ble
2781 141R0= 31 Rl

C/mma6.7 diis, Deppie= 3039.4 Ha
C/H0=26.7 dBKa, Dopples=-§870.3 Kx
C/Hoea7 3 amEz, Depplar= 33 1
C/BO=27.4 4BEs, Depples=-3138.% K2

S software ready
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GUI-Tuti Generator window

Real Position Real Velocity
Lat [deg]: |47.06452 | X [mis] |0.00 |
Lon [deg]: |15.40811 | ¥ [mis] |0.00 |
) ———— Z [mis] |0.00 |
Height [mi: |a49.114 | e
Lat [deq]: |47 08447 | X [mis] |0.00 |
Lon [deg]: |15.40777 | ¥ [mis] .00 |
Height [mi: |423.758 | Z [mis] |0.00 |
Clock Error Clock Drift
[msec] 0.0000 Ha @ L1 0.0
GpsCa L
1 T2 Ja[ o |sMB sl |7[ s |9 Jof |n[ Ja2[ [13[ Jra] Jrs[ |
w7 slle] (o2t |22 25 |2t | eslzr| |28 |eaffs0 |
GalileoE1
1l 2 13 |4 |5 16l J7[ Js[ |e[ Jw[ |n[ |2 |=ilul sl
1 |17 |18 |18 [20[ o122 |23 |24 |os| |s[z7 @28 |29 |s0| |
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Experimental Test



e Generator

Unit test

1GASPIN_ (>

q
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Unit test

e Generator

f
1

PREEE TY:

* et View

EREEERCTH
i H A

HHTTHTE
P

The screenshot of the SX3 as the target
receiver in the test of a direct cable
connection to Tuti.
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Generator

.+ PP
—95-Perc
---99.7-Perc

1.5 + RMSE
O Mean

05r

Y-Error [m]
o

-0.5

-2 -1.6 -1 0.5 0 0.5 1 1.5 2
X-Error [m]

The positioning error scatter of SX3 under deep indoor condition.

Statistical results in the test of direct cable connection to Tuti.

Parameter Target receiver
RMS [m] 2.31 0.89
STD 1.35 0.66
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SDRR

Unit test

— Goal: to analyze the effect of the SDRR and its front end on the performance of Tuti.

— Method: the Tuti reference antenna together with a 9 dB attenuator.

Y-Error [m]

]
o
o

o
o

=]
=]

w
o

o

&
=

o
o

=150 -

* SPP
——95-Perc
- --99.7-Perc
+ RMSE
© Mean
.

-200
-200

-150 -100 -50 0

X-Error [m]

50

Statistical results in the test of direct cable connection to Tuti which is

receiving weak signals.

Parameter Target receiver
RMS [m] 17.66 51.35
STD 15.55 44.38
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Integrated system test
(Fixed user in a deep indoor)

Target SX3 )\ & W
e software e s
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Integrated system test

(Fixed user in a deep indoor)
SX3 GUI: I e e |

{ Channel View Pasition =o/x/
Sirtem 63 GPs 75 [ 75 [ =3 Gallieo Gallieo Galiea Gatiea Gaieo. e j—
e mmE e m o m g g o o : =
PR B 10 18 2 B 7 32 1 7 3 13 26 v Glonass Appled Clock Ever [s]  Residual Clock Errer [5] Clock Drift [Hz] @ L1
SN0 fabHzl 5467 sBn 100,00 5203 4952 5384 5019 4610 4815 4650 8.9 5342
Elevation [deql | 69.72 5592 1.20 4614 2456 6234 3042 2473 .89 86 743 76.80 ¥ BeiDou -15.71000000 0.p0z0es L mEs
Asimuth idea] | 28535 5851 19235 28529 a8 15477 12388 2887 11863 5538 s6.83 2671 s ] 0n M oum
. — T —rT—r T —r—r—r
Racerateim | 275 e meas  aman  sen ;a0 s aas  awm T 5340 v s inl: )
Piewcoranoe Iml | 19396967.7 201870585 - 20615504.5 220990482 195915212 217757929 253427389 242067490  25027298.3 2262e47; ¥/ IRNSS "
Doppler Hz| 109069 -1323.42 334445 201496 -2833.07 161593 280785 234394 28227 40588 75205 18101
OMIC Dooler [Hzl | -8.10 -63.35 - -57.96 -38.40 -104.94 1391 4.26 1139 2147 1.76 XGoordnate: [n] T-Cocrdnane ] Z-Cooedinate b
ePaths/Cni2 -l -f- -t -t -t -t -4 -f- -l i 4196304.071 1156480, 125 454634, 170
lono. Delay (mi | 282 320 - 346 312 530 556 449 490 540 217 Show D8 0013 0.018 .07
SPP Residusi [ml_|0.25 oz 5 o4 201 012 a1 o1 a0 03 00 Latitude [dzg) Langitude [deg] Height (Elpsaic) [m]
Orpit Aczuracy fm| | 412 40 42 EAH 412 412 360 360 360 360 360 15 Tre
sl o
h fthe SX3 i -
e .
['he status of the : - . s
GUI h t o t k ] Spectrum -le)x & Scatter Plot -lo/x/'& Sky Plot B[]
when 1t 1s tracking U ————
the signals received
from Tuti under deep :
d dit :
indoor condition. oy ; :
E
0 2 . . . Signal Strangth [daHz]
Frequency [MHz] 2] B G =
LU LT T LR
2384 =
08/10/2022-08:45:56 Receiver(: switching back PRN3IZ To FLL due ©o I/4 false lock. 973.5 974 9745 973 9755 976 76,5 77 9775
08/10/2022-08145:56 Bump jump (1) on rec. 1, PRN1S of 1.80 subchip East [m]
©8/10/2022-08:45:56 Bump Jump (1) on rec. 1, PRN33 of 1.53 subchip Disployed Postions:
Rinesiriter: iprocess —> Successfully wricten RINEX navigacion Y/ (/WP [ JAIK [ [Gesins | [pep [ (EcNOS | [RAM | [APL | |McPos o Scale Ais
Sample stream ended Scatter Plot Contrel:
Controller thread tries gracefully 3topping Mo. Scatter Pants: 10000 Equakze Axis
Morth Axis Range [m]: [0 10000 -
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Integrated system test
(Fixed user in a deep indoor)

Tracking status:

e ———T
7 CodeDisc =122 - 366,451~ 00001 M Ty, = 400 ms
1 subchip = 14,6526 m, CIN, = 47.61 dBHz, SNR =23.6330 dB

100

107 Galileo_E1_dump_PRN1.dumplog

R
0 50 100 150 200 250 300 30 400 450
15 10
@
B LY
= §
g

20 20 %00 250
GPS time -1, = 465279.180 5 [s]

=
£
g o0s
S
2
40
8
of
o5 L L L
o 50 100 150 200 250 300 350 400 450 500
s 9 phasobiso t=122.1 - 368.45) ~ 00155 o€
I3
g " " "
o0 - y
&
50 100 150 200 250 300 350 400 450 500

7 FreqDisc( 1=122.1 - 366.4 5}

=8.7520 Hz

200 250
GPS time - 1, = 468279.190 5 [s]

<107 Galileo_E1_dump_PRN1.dumpl
20450074 1" -Elcume oy
F 20450073
5 20450072
2
20459971
g
T 2045087
3
© 20459969
20450068 . -
o 50 100 150 200 300 350 400 450 500
GPS time - t, = 466279.190 5 [s]
s Allan dev. @ 15/ L1: 1.958e-10
= o phase ook
phase ook
-2350
] 50 100 150 200 250 350 400 450 500
GPS time

JGASPIN_
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Integrated system test

(Fixed user in a deep indoor)
SX3 positioning resutls:

5
— erc
4 --99.7-Perc |7
+ RMSE
3 o Reierence__ RMS [m] 0-86
gV STD 0.62
2 LS
E—
! e
E
Eor
fiv
>I- -
-1
-2 . .};m‘
-3 L
-4
-5 . ~
5 0 5 .
X-Error [m] ] .

JGASPIN
3
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Integrated system test

(Fixed user in a deep indoor)
u-blox positioning resutls:

GPS G8 =
El 69.00 Az 287.0

i : L1C/A: 52.0
e GPS G10 =
i i El 57.00 Az 60.00
L1C/A: 51.0
GPS G16 -
“=IElI 12.00 Az 193.0
1 L1C/A: 4.0
. |ePsG21 = B
= IEI45.00 Az 285.0 - -
' f L1C/A: 49.0 tg[;gtduede
GPS G23 = Alttude
- =||El 25.00 Az 50.00 Altitude [mesl]
L1C/A: 47.0 ) H'ﬁo e
A \|epsaca2r = 30 Acc. [m]
“I|El 63.00 Az 155.0 20 Ace. [m]
L1C/A: 51.0 E%%IP:'
RE I GPS G32 = Satelites
EI30.00 Az 125.0
S & C[H T vxLcowu[ac ‘ . S L1C"A 480
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Integrated system test

(Fixed user in a deep indoor)
Smartphone tracking resutls:

Q&%
J

GNSSLogger

application on
smartphones
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Integrated system test

(Fixed user in a deep indoor)
Smartphone positioning resutls:

Horizontal Error Vertical Error

mvh.vh-w* MAVW i w‘m Wiy (’"‘”*‘L‘\M‘“,‘w, i Mﬁ“"‘"‘“&‘w ‘y’"” |'il M “JV

200 250 :m 380 400 450 50
(seconds)
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Integrated system test
(Fixed user in a long deep indoor)

1h test result:
SX3 ublox smartphone

| RMS|m] | 1.54 5.55 5.82
1.43 5.52 5.26

3.33 7.29 8.17
| Max[m] | 22.05 11.56 22.66
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Integrated system test
(Fixed user in a normal indoor)

transmitting
antenna

D

Target u-blox ‘e e o>
receiver | "S- g Target SX3
: Target SX3 ! software
front-end

IGASPIN. 2
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Integrated system test
(Fixed user in a normal indoor)

5 H & B P @ resos [suns | Cemes | poston | skyFlor | secoun | aco-®  Cor-0 [ seatter | integrated nav. S0l monitar
l s—
L ] Channel View o <X Position
T z £l 3 v
Ssten o Gaiies Gt Gaiiee . ek seondsnWesk[d T System
Sevice e ] L] £ Galleo 221 206619 @5
Panl 7 2 2 3 V] Gonass: dopled Clock Eror 5] Resckial CockError ] Clock Dt el L1
cmojemrz | anm 20 E°e 388
Elevation [deg] . - - | Beou 1782000000 . :
azimuth (oeq] - n i - o -
Lock Time fs
Reseiver ID/ MC ol qzss Tnterfrequency Baases
Iyl X
Peudorange [mi 7| s s s
Camies Phase fon 4] Other [ —
Doppler a1
CMC Dappler M im) inl
#Paths/Chi2 . . .
SPP Fiag Xevelocty fm/s] Y-ilecity [mfs] Z-velaaity [nfe]
Topo. Delay i) =
lana. Delay fm - - =
Show s
59 Resicual ml - = Latiude fdea] Longitude [deal Heoht (Ehpsod) n]
PR Accuracr il 4.33 1308 1756 2038 J— . .
ortit ccuracy Infl 412 160 o 360 T
gl [f—
0 SPP Ok
3D poston Acc. [ - D Veoaty Ace. [misl: -
= el ooty A [ms]
L3 Spectrum —ox & Scatter Plot [SEIEIE) Sy Plot —|a)x|
Pant of Ongn: -
SX3i lind
1In normal indoor B
before Tuti transmission: £ o
. &
5 4000
2000
0
T T T T T T T T |
o 2000 o 6000 8000 10000
[m)
Dispiayed Positors:
O e RTK Grsslns L. EGNOS RAM »1 MCPas Auto Scake A
Scatter Pot Contrc
Yo, Scatter onts: | 10000 Equalze Axi
Morth Axis Range [m: |0 10000 Reset Axg Signal Strength [dBHz]
s
Sewich RF Bend | | _Info Onyoff East v Range [ml: [0 10000 oriy Changes coenrle || Cearview | | BESERSSSOSOOS
& Status
08/10/2022-08:1314¢ Acquisition type 4 running for Receiverd on stream O (Frequency 1575420000, Antenna ID 0, Fromtend ID 0.
08/10/2022-0%:13:46 Acquisition n stream 0 (Frequency 1575420000, Antenna ID 0, Frontend ID 0).
08/10/2022-08:13:46 = UDA running on NVIDIA GeForce GTX 870° successfully imitialized.
08/10/2022-0: 6 Acquisition q CUDA running on NVIDIA GeForce GIK §70° successfully initialized
08/10/2022-0 SPE weight scheme:
08/10/2022-0 € Backend sta: d
08/10/2022-01 R W T ceas - written RINEX navigation header.
08/10/2022-0: Bump jump (1) on rec. 1, FRNSG of -1.17 subchip
08/10/2022-0 Bunp jump (2) on rec. 1, PRN36 of 1.34 subchip
08/10/2022-0: Bump jump (1) on rec. 1, PAN2S of 1.24 subchip
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Integrated system test
(Fixed user in a normal indoor)

& B & B P @ vessses seus | Crames | poston | SkyPot | Spectum | A Com-D | Scatter | integratedNav.  Sgnal Monitor
3 sl Ve = Position =/8/%]
1 2 3 4 s 3 7 0 s 10 1 2 B vies
Sistem Ps GPs. GPS GPS. GPs oPs GPs. 53 Gallleo Galileo Galileo. Galeo Galileo Week Seconds in Vieek [z] Time System
senice cA uca uca LicA uca uca uca uca ] Gl £ € 3] Y Galles' 221 26324 @s
PRN. 10 15 16 18 23 26 27 2 4 10 il 12 ¥ Glonass Apphed Clock Error {s]  Residusl lock Error [s]  Clodk Dxift [Hz] @L1
/o fatkal 39 5203 4966 5531 5314 5452 260 5393 5221 54 5116 429 2832
Elevation (deql .38 42.57 1243 65.07 43.30 $6.64 45.70 $3.26 50.00 - 4097 69.28 15.99 ¥ BeDou 8000000 “Sdoseae o
azimuth [deal 482 16168 6483 2829 57.79 1524 19645 30166 287.08 - 5209 4489 SR 7o ol 12 0.6
Lock Time /5] 59 16434 3127 17029 16434 16434 16434 25206 28206 15434 15434 15434 15433
Recewes D/ MC_ /- 0/- 0/- 0/- 0/- 0/- 0/- 0/- TR 17- 1/ 17- 17- v Qs Intacfrequency Biases 4o
Range Rate mys]  [§56.45 .534.30 26645 9113 391.85 .254.56. 42050 445.26 -184.25 53436 30325 10134 40276 8 fm]:
Pseudorange iml  [B845921.8  21993770.8 239200815 206461232 215636832 208345865 215231145 207283872 241770336 - 250008005 225399602 27065805, Y IRNES e
Camec Phase [l [§91313478... N91321152.. N-SO791.1  N913B1688.. NS1400636.. NOISO67A.. NIIAI0934.. NII303434. FO134353547 F 9132670411 F 140100841 F 9138296572 F 9140997: 'y opper W84 Comrionias
Doppler ikl o750 312309 140019 47889 o808 3N 4 Bwes e 2008.07 59358 53253 2m652 Z S
CMC Dopoler Mzl .61 498 -79.13 -76.23 24,58 4984 -37.00 £5.39 4486 026 -25.80 -19.24 -22.40 % =l L rowts bl T Coudeela b}
#Psths 2 B 55 1= 28 [ 1 e -1 - -1- 1= B 4196309277 1156479947 464955.418
|$PPFlaq i ok ok ok ok ok ok ok ok Raw ok ok ok Xvelodty fmis] Y-velodty fmis] Zvelocty fmfe]
[Ttopo. Deisy im 73 346 1068 259 342 281 328 23 306 5 357 251 542
lono. Delay (] oo 000 0.00 000 000 000 000 000 000 . 0.00 000 0.00 Sow 106 058 0% 5
PP Resigual (m__ 75 2n st 016 093 02 351 208 a1 B 226 185 28 Lattude [deg] Longtude [deg] Hesght (Ehpsod) ()
PR Acunacyimi__ [181 120 175 092 118 100 125 1.07 436 - a2 343 [T I 3
Ordit Accuracy Imi 12 412 42 412 42 412 402 4 360 - 360 360 360 16 Tr setias LR e
14 SPP Ok
30 Postion Acc. [m]: 4.85 0 Veloaty Acc. [mjs]: 0.04
L3 Sky Plot =)
Point of Orign: - 5210000N, SI0000E - UTM33
T T T T T 1
72 974 976 978 980 982
East [m]
g EGNO: RAIM MCPos. Auto Scale Avs
10000 Signal Strength [daz]
s x 55
Swetch RF Band info OnfOff East Avis Range [m): 0 10000 Open Fie [LLLLL PR ]
<+ Status =jiajx]
08/10/2022-09:15:51 Bump jump (2) on rec. 19 subchip =

08/10/2022-09:15:51 Bump jump (3) on Tec. subchip
08/10/2022-09:15:52 Bump jump (1) om rec. 1, PRN2 of 1.61 subchip

08/10/2022-09:15:52 Bump Jump (2) on rec. 1, PRN3€ of 1.67 subchip

08/10/2022-08:1€:41 11y written RINEX header.
08/10/2022-09:1€:41 RinexWriter::process 11y written RINEX neader.
08/10/2022-09:18:29 Half-cycle 3lip on rec.:0 3at.:2/1§

08/10/2022-09:18:48 Sample stream ended

08/10/2022-09:18:48 Controller thread tries gracefully stopping

08/10/2022-09:18:48 Controller thread gracefully stoppe:

%
E
K
H
H

5GInOSEG- Final Presentation 56




Integrated system test
(Fixed user in a normal indoor)

=
I'racking status: SRR B
g . I I
o 0 ‘%
5 I | 1 | I
0 50 100 150 200 250 300
GPS time - to = 286507.826 s [s]
5
2% 10 . .
P *
2 I | I
107 GPS_dump_PRN27.dumplog 0 50 100 150 200 250 300

GPS time - t, = 286507.826 s [s]

~
B
5
8
=1
&

GPS_dump_PRN27.dumplog
T

7
= 4 210° I o T T
é 2.046004 —_— I
2 5o 55 -
g 2046003 o HHJ‘, s ¥ T
3 7, TR, YRR
T 2046002 - w i
3 Lk |
© 2048001 =4 1
@ - 45 d
? msn 50 m‘n 1;0 200 0 I T
1 1 L e
GPS time - t, = 286507.826 5 [s] 0 50 00 o 50 €. I T T
GPS time tG 286507.826 s [s] e
Allan dev. @ 1's /L1: 1.909e-10 2
2600 - g
T:“ 35 1
5
@
20 1
25
20 1
2300 g p 3 pe 15 . - :
% 00 GPS ti -t =2%6507 826 5[s] o o 00 0 50 100 150 200 250 00
ime -ty sls GPS time - {, = 286507.826 5 [s)
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Integrated system test

(Fixed user in a normal mdoor)
SX3 positioning resutls: |

-
-
-

Y-Error [m]
o

X-Error [m]
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Integrated system test

(Fixed user in a normal indoor)
u-blox positioning resutls:

CPSG8 W
El 15.00 Az 295,

L1C/A 480,12
GPS G15 ==
El 12 00 Az 65
L1CIA 450

GPSG16 ==
El 65 00 Az 238

A
GalleoE2 m
£150.00 Az 287

E1- 48.0, E5b: 3
Galleo F4 1l
|[E11200A2 102
"|[E1: 430

Galleo E10 o
E141.00 Az 59
E1:46.0

Galleo E11 1

EI 10.00 Az 32!
E1:430
Galileo E36 ml
ncesmedr 1saemos || E1 54,00 Az 259
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Integrated system test

(Fixed user in a normal indoor)
Smartphone tracking resutls:
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Integrated system test

(Fixed user in a normal indoor)
Smartphone positioning results:
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Integrated system test

(Fixed user in a long normai mdoor)
* 1h SX3 test - .

transmission

3.13 16.25
STD m 3.12 10.49

5.29 20.07
48.24 35.09
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Integrated system test
(Mobile user in transition-Out < deep In)

szERAEANAY v['

Py BA alkcmmen Ve purd ZO‘Juk
alte __": -
EE

Transition Deep Indoors
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Integrated system test

(Mobile user in transition/out to deep in)
SX3 positioning resutls:

4706528 f

47.0651 |

B 1856  1.04 T
9.95 1.00 3 ar0848 _vj : P

P - s N AN
15.4072 15.407 15.4076 15.4078 15.408 15.4082 15.4084 15.4086 15.4088 15.409
Longitude A [°]
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Integrated system test

(Mobile user in transition/out to deep in
Tracking status:

T2.0M46004
£ 2048002
'_2' 2,046
Way between -
outdoor >} mdoor  ——fl &, .
x10° GPS_dump_PRN3.dumplog 1 1 s ossas
5 T T 1 T ] » @ ) o 100 120 10 160 180
I GPS!ime-lb= 303119.921 5 [s)
- 1000 - Allan di\.r. @1s/L1: ?.2|!r1ﬂ ) )
a0 < phase 1ok
prase ock
_—1020'
5 1 1 1 1 L [ %
0 20 40 60 80 100 120 140 160 g0
GPS time - {, = 303119.921 s [s] 8
1060
5210°
w ) . .
GPS_dump_PRN3.dumplog
o 0 T T
o
| ssf .
5 1 I I 1 I I I - AL o LAl
[} 20 40 60 80 100 1Lo f 140 160 180 e S i
GPS time - t, = 303119.921 s [s] I 1
<10° 1 =
6 g
O (I Baol |
3 F
.7y R e | 1 3
o — s 35 1
e, I |l j
=4
g WP ANN ANt NS PN SNV | 30 i
0 | | 1 | | | 1 |
0 20 40 80 80 100 1bo | 120 160 180 2
GPStime-t,=303119.921s(s] | |
20
"o 20 a0 & » ™ > o - 180
GPS time - t, = 303119.821 5 [s]
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Integrated system test

(Mobile user in transition/out to deep in)
Smartphone positioning resutls:

WLS position from raw pr

Computed using: GPS GAL
Num pos fises: 56
> 5T
\ : .
\ ,f‘\\'\"’ﬂ\.’ 3 refl= median p-:|-5 { fromyr;
Y. — v, 7
r :
£ 9
o
=
_11] L
15T
Hopzontgl eror = (B.7.20 2)m {505, 94%)

20 15 10 -5 0 5 10 15

20 25
E'mﬂ‘lk-“ertical error| HE.E.ZE.E:-m (50%, UE'MM,——V-—«/\_/
o /_-"_"N'r \‘/\/\/»\J ref = median alt (from raw pr)
o
35] 2.0.0.0 i i i i i i ]
10 20 30 40

0 50 60 70
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Integrated system test

(Mobile user in transition/deep in to out)
SX3 positioning resutls:

47.0651

Dl 1725 @ 1.08 £ srocss B \-

STD 15.71 1.73 k

3 LY 4 R 7 \ .‘\' [
15.4074 15.4076 15.4078 15.408 15.4082 15.4084 15.4086

Longitude A [°]
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Integrated system test
(Mobile user in transition/ deep in to out

Tracking status:

Way between

Indoor

>| -«
GPS_(sump_PRNq.dumplog

Outdoor

!
50
GPS time - t, = 303: I49.924 s [s]
|

0 10 20 30

||

60 70 8

5X105 T T T I | Bl
1 |

oo . sl
' I I

I | I L !

1 1 1

ode Rate [subchip!:
Y
g
2
2
8
T

© 2.045884

GPS_dump_PRN3.dumplog

2045992
1]

-1080 —

=1070 —

Doppler [Hz]
=
H
2
T

=1090 -

-5
0 10 20 30 l40 2 50 60 70 80 90
GPS tinte - tD = 303449.924 s [s]
x10° I
= 8 T T T T I T T T
~ O
o . o =
T4 L\‘m SIS . Q.l ) \'f"‘ I
i 5 I \ * I
g (A v et G
0 L 1 I 1 1 b 'ﬁ,«\,l I 1 ! 1
0 10 20 30 0 50 60 70 80 92

GPStinfe -t = 303449.924 5 [s]
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Integrated system test

(Mobile user in transition/ deep in to out)
Smartphone positioning resutls:
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Integrated system test
(Mobile user in transition)
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Integrated system test
(Mobile user in transition)

Outdoor to normal indoor
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Integrated system test
(Mobile user in transition)

e Normal indoor to outdoor
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Conclusion
A 5G/GNSS/IMU receiver designed up to TRL3.

* The Tuti was designed and implmented up to TRL5.

* The Tuti system was tested in different scenarios
successfully:
— Deep Indoor
— Normal Indoor
— Transition: Out < In (normal and deep)

— Indoors with two engines (not in the framework of 5GInOSEG
project).

JIGASPIN_ />
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Contact us

e Website: www. IGASPIN.at
e Email: office@IGASPIN.at
e Tel:+43 720732 389
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