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COMPANY INFORMATION 06-GPS

* Independent, commercial provider of GNSS-data
» 20 years of expertise in Network GNSS-RTK

« Market leader of Network RTK in the Netherlands
* 5 employees full time, 6 employees part time

» Part of group of companies in surveying and
engineering with over 200 employees in total




COMPANY INFORMATION 06-GPS

Thousands of registered users:
» Governments (national, local, communities)

» Surveying and engineering companies

» Contractors (roads, railways, underground
infrastructure)

* Energy companies
» Archeologists, police, schools, universities

« Farmers, Drones, Automotive, etc.




4 GNSS CONSTELLATIONS COMPANY INFORMATION 06-GPS

N~ N

RPN Benelux coverage
XN Full support of GPS, GLONASS, Galileo, Beidou
A el Delivery RTK over NTRIP (internet) using RTCM 3

Galileo GLONASS BeiDou

3 Orbital planes 3 Orbital planes 6 Orbital planes f t
27 Satellite + 3 Spares 21 Satellite + 3 Spares 35 Satellite + 3 GEO + 27 MEO + 3 1GSO 0 rl I I a
56° Inclination Angle 64.8° Inclination Angle 55° Inclination Angle
Altitude 23,616 km Altitude 19,100 km Altitude 38,300 km, 21.500 km

*

Over 10 years of cooperation with (among others):

LTO Nederland, the Netherlands Agricultural

Extensive relations with, and Horticultural Association (>35000
and knowledge of other members).

| networks within Europe.

Bouwend Nederland, the employers’
Planned upgrade to PPP-RTK Organization in the construction and
(SSR: Compact, SSR-Z / infrastructure industries (4300 members).

SPARTN / IGS)




: NavCert

Suitable to support
’ @ Precision Farming

(& Guidance systems

(& 2cm dynamic accuracy

Service
checked

O'/ Real time accuracy 2cm

( Availability of service 99%

@/ High Service Quality
(competence)

7 ..\“‘
3 Service . Www.navcertcom/ /4
N checked N PPP80013 7

QUALITY 06-GPS

Certifications:

TuV SuD / Navcert
Accuracy 2cm (95%)
Availability (99%)
Competence and service

TuV SuD / Navcert
dynamic acc. 2cm (95%)
Suited for Precise Farming
Suited for Guidance Systems
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CASE 1: MOBILE NETWORK PROVIDER

GNSS interference caused by new signals in telecomMUnication$
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GNSS-RECEIVERS AT EACH BASE STATION:

Each 06-GPS station has two different receivers on same antenna using an atnenna splitter

Topcon NET-G5 Septentrio PolaRx5




}ﬁ Status NET-G5 ID:W1NAJNNOC20
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COMPARING TOPCON NET-G5 AT VARIOUS SITES:

With interference Without interference
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ANALYZING INTERFERENCE:

Theoretical steps: Practical implementation
1. Spectrum analyses 1.  Spectrum plot of PolaRx5
2. Temporal analyses 2. Search in RINEX-log
3. Geographical analyses 3. plotting RINEX-log of all stations



1. SPECTRUM ANALYSIS Without interference

Wi t h i n te rfe re n Ce ~Spectrum Plot: Power
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» Browsing the data to find the
origin of the interference

» Use RTK-LIB to plot RINEX-log

 Interference started during the
day as if a stationary signal was
turned on

* 10 dB decrease (20%) !

» Station has 2 receivers on 1
antenna but only 1 receiver was
affected.

« Only Topcon NET-G5 affected

» Septentrio PolaRX5 stayed
unaffected

12:00 14:00
i0,.,35..30...25 <05




A manual analysis show that KPN-5G-internet

is directly correlated with the interference

GEOGRAPHICAL ANALYSES e e
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TEMPORAL FIT WITH
THE CASE EDE

Using two different sources:

List from KPN with maintenance date,
time and location

Dutch antenna registry map

Mobile network maintenance and
interference had an exact fit

Mobile network antenna pointed
to our GNSS antenna.

During maintenance, 5G was also
implemented

5G: 784 MHz -> 2"d harmonic:
1.568 MHz (close to GPS L1 1.575
MHz)

Wij zijn u graag van dienst.
Nu, maar ook morgen.
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Antennekaart.nl

INCONSISTANCIES
WITHIN THE THEORY

« Other networkproviders turned on
5G-internet without causing
interference.

* Only at KPN-antennas interference
was found, providers Vodafone and
T-Mobile have almost equal 5G-
internet 700 MHz frequencies.




T I S N E— L I T ErrTre FE—

COLLABORATING TO FIND PROBLEM

Agentschap Telecom
Only KPN turned 4G LTE+ signal on
4G LTE+ at 1.475 MHz

Only downlink (mast -> modem) due to possible interference
of mobile-phone GPS

-y A Field tests with 1.475 MHz radiator proved theory
= ol - - KPN

_— = :fz L {._.. | Took almost 3 months to get a technical response
= 2 'f'/ ‘/-;f.’- b /’; 5G didn’t cause interference
: Xy ,,/ #i'f"' | _.r'J 4G LTE+ caused interference at frequency of 1.475 MHz
£ NN\ : / 3. KPN temporary switching off LTE+ at station Ede was final prove
o7 A _ x Topcon
($ *'d"i b i e / : Conducted their own tests to find the issues with their equipment
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LOOKING INTO
POSSIBLE SOLUTIONS

it 2 -
« Two types of attenuator .
« -20dB amplifier DC blocked
« -40dB amplifier DC blocked

 Proposed new antenna s \

« TPSCR.G5C choke ring with Cavity filter

Attenuator -40 dB with cooling

TPSCR.G5C

Attenuator -20 dB



TEMPORARY STATION

Antennekaart.nl

Crownpoint 1-3,

Geldelozepad, Dordrecht,
| Zuid-Holland, Nederland,

3311WE, Nederland

Provider
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; £ g F Postcod
0 56 Straahverbinding { % - ; 3 z i o %, Site 10 7564
e
Providers Alles ¥ L=
B8 e 1 et z oz “ | Geschiedenis
Test @™ i
@ T-Mobile ﬂ i a 2020-07-20
spulboutevars  LOCatiON
@ Vodafone ShUisoygg Plaatsing
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SPuibouleyy, | Veranderingen

Locatietypes

5G-antenna
a

Hoogte | Hoek | Frequentie | Vermogen
Filters

A 30 73 MHz 26 2 dBW
o s iMHz|  262dBW
2 T73MHz| 262 dBW

Revisies

06-GPS
Station




TEST-SCENARIOS

o U1 AW NN =

Replication of 06-GPS station Dordrecht

Replication without antenna splitter
Replication with addition of band filter compact

Replication with addition of band filter cooled

Replication with non-amplified antenna splitter
Replication with new antenna “TPSCR.G5C TPSH”




ANTENNA TPSCR.G5C TPSH

Only the proposed antenna by Topcon
could mitigate the interference!




CAVITY FILTER MITIGATES NEAR BAND INTERFERNCE

TPSCR.G5C

» Out of Band Rejection
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IMPLEMENTING
SOLUTION

Antenna change at 28
stations

Individual/group antenna
calibration

Change logs to partners

End of 2021 Topcon will
have an external device for
antennas with no inbuild
filter.
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RADIO AMATEUR
INTERFERENCE

e

B e

el VW, _ SINGLE STATION RADIO INTERFERENCE
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DISCOVERY OF INTERFERENCE

(3]
SNR, (dBHz)

Station Heerhugowaard

Loss of fix in GNNET/GPPNET (GNSMART Geo++)
Time depended, no exact schedule

Only L2 of GPS & GLO affected
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EFFECT ON RTK-CORRECTIONS

GNSMART v1 GNNET GNSMART v2 GPPNET

GNSMART ~ Network ~ Tracking ~ Station ~ heer Station hhws in network netl

=== nl_tracked
nl_fixed
missing_epoch

number of satellites

0
11:30 11:40 11:50 12:00 12:10 12:20 12:30 Time [min]

s 2 5
s s . Ak A %
/L1 GPS /L2 GPS .7 L1GLO /L2GLO . Fixed L1 GPS /Fixed L2GPS . Fixed L1 GLO .* Fixed L2 GLO GPS time, starting on DOY 052 of Year 2021




~ Spectrum Plot; Power
60 dB

M Power (dB)

SPECTRUM ANALYSES

B Signaal |Freq. MHz
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~ SPECTRUM ANALYSES
~ WITH SEPTENTRIO
- SUPPORT




SPATIAL ANALYSES

« Using antenna registry and street view
to find radio amateurs

« Contact regional radio amateur
association

« Email contact and plan a meeting

AR R



31




Spectrum Plot: Power
B0 dB

JOINING THEIR MEETING
FOR INTERACTIVE
SPECTRUM TESTING
Share screen with
members Radio
amateur association.

Every user tests their
frequency and signal
strength

Life feedback, amount
of interference shared
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@y ANALYSIS AND CONCLUSION

* During life feedback session the amateurs tested their broadcast limitation
1 amateur used exactly GPS L2
3 amateurs used GLONASS L2 to communicate

* Time-spectrum plot was shared afterwards

» Agreed to shift center frequency and lower power



INTERFERENCE RETURNED

Informing various radio amateur
associations

At one radio amateur television station
there was a single user sending at
1240MHz exactly over the GNSS antenna.

No Telecom Agency involved

Monitoring performance GNSS-station with
RINEX logs and network-performance

Radio Amateurs all moved to 1258 MHz

34




CONCLUSIONS

Know normal GNSS SNR values and monitor receiver performance

There is always some interference, only focus on problematic
interference

Use social-network while investigating problem.



THANK YOU FOR YOUR
ATTENTION !



