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What is GNSS?

GNSS = Global Navigation Sattelite System

GPS Glonass = Galileo BeiDou
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Introduction Exercise
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Why are GNSS Systems relevant for Agriculture?

Position is the Core Information for Precision Farming!

» Tractor-Implement Combinations can only
use

o Automated Steering Systems,
o Section Control and
o Variable Rate Technology,

if they know, where they are and how they
move

* Therefore, GNSS Systems are a core
enabling technology for Precision Farming
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History of GNS-Systems



History of GNS-Systems
04. October 1957

Sputnik 1 (Russia) is the first sattellite to
orbit earth and send data
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History of GNS-Systems
1958

Start of the Development of ,TRANSIT" in the USA
-> Guidance for ballistic rockets

Accuracy between 15 and 500m

In full operational service between 1964 and 1996
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History of GNS-Systems

1972

Start of the Development of ,GLONASS" in Russia

In full operational service since 1993, with interuptions
(after 1996 the number of sattelites decreased, rebuild started in 2008)
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History of GNS-Systems

1973

Start of the Development of ,NAVSTAR-GPS" in the USA
-> Developed for military puropses only

Aim for accuracy <30m

In full operational service since 1995
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History of GNS-Systems

01. September 1983

Korean airlines flight 007
was shot down because it entered
russian airspace

-> Ronald Regan opened GPS for civilian use
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History of GNS-Systems
1992

First commercially available yield mapper

Including GPS (1997)

DRY
GRAIN

© 2023 Bernhardt, Grebner (TUM) | GNSS



B of TUT
History of GNS-Systems

*

2003 GALILEO

Planning for GALILEO started
Aim for accuracy in the range of multiple cm
First open for public in 2016

28 satellites in space, 21 usable (as of 26. April 2023)
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Basic Components of GNSS

Space Segment
Satellites transmitting radio signals to users

Control Segment

global network of ground facilities

track the GPS satellites

monitor transmissions

perform analyses

send commands and data to the constellation

User Segment

GPS receiver equipment

* Receives signals

+ Calculates position and time
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Space Segment
Aim: minimum of 4 satellites M 4y, “,

visible from every place on earth f "‘

GPS: 6 orbitals
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Space Segment

Aim: minimum of 4 satellites
visible from every place on earth

GPS: 6 orbitals

GLONASS: 3 Orbitals
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Space Segment

Aim: minimum of 4 satellites
visible from every place on earth

GPS: 6 orbitals
GLONASS: 3 orbitals

Galileo: 3 orbitals
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Ground Segment

“\Greenland
@ Alaska
. @\
Schriever AFB United Kingdom
Colorado .
Vandenbere AFB °® ~\New Hampshire South Korea@
an encae“r = rhia . @ USNO Washington
oA Cape Canaveral
[ Florida @ Bahrain
Hawaii
> A
Guam O .
@ Ecuador Kwajalein
oA
CYY i\
Ascension Diego Garcia
@ Uruguay South Africa Australia New
. Zealand
# Master Control Station »¢ Alternate Master Control Station
A Ground Antenna \ AFSCN Remote Tracking Station
@ Air Force Monitor Station @ NGA Monitor Station

© 2023 Bernhardt, Grebner (TUM) | GNSS

2 TUTI



Co-funded by I -
the European Union i

User Segment
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Positioning — How does it work?
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What is transmitted by a satellite?

L1 Frequency (1575,42MHz)

- Navigation message
- GPS date, time and the satellites status
- Ephemeris: precise position information for the transmitting satellite
- Almanac: status and low resolution position information for all satellites
- 50 bits per second (bps or b/s)

- C/A Code
- Pseudo Random Noise (PRN)
- doesn‘t contain any information
- 1 transmission of this code takes 1 ms
- 1 Megabit per second (Mbps oder Mb/s)
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What is transmitted by a satellite?

L2 Frequency (1227,50MHz)

- Navigation message
- GPS date, time and the satellites status
- Ephemeris: precise position information for the transmitting satellite
- Almanac: status and low resolution position information for all satellites
- 50 bits per second (bps or b/s)

- P Code encrypted (military use)
- Pseudo Random Noise (PRN)
- doesn‘t contain any information
- 1 transmission of this code takes 1 week
- 10,23 Megabits per second (Mbps oder Mb/s)
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What is transmitted by a satellite?

Other frequencies

There are plans to use several other frequencies to increase accuracy
More info on the official GPS website

https://www.gps.gov/systems/gps/modernization/civilsignals/
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Digression: How to add up multiple data streams

Modulator

! Broadcast i
signal

L1 carrier - 1575.42 MHz
— Modulo 2
adder
C/A code - 1 Mbps ]

Navigation message
50 bps
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Basics of GNSS: Timing
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Basics of GNSS: Trilateration
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Basics of GNSS: Trilateration
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Basics of GNSS: Trilateration
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Basics of GNSS: timing error

Speed of Sound = Vg = 300 m/s

=) 2
« I .
! d=7? m ’ G=3000m

Example with two exactly precise clocks:

Signal sent at 06:00:00 Signal received at 06:00:03
t, = 06:00:03 — 06:00:00 = 3s

= 300m/s * 3s = 900m
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Basics of GNSS: timing error

Speed of Sound = Vg = 300 m/s

) A

« I .

| d=?m ’ G=3000m
Example with unprecise clock (2s): +2s error
05
Signal sent at 06:00:00 Signal received at 06:00:03

05 5s
t, = 06:00:03 — 06:00:00 = 3§

— 300m/s * gg _ %ﬁ” Solution: second horn
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Basics of GNSS: timing error

Speed of Sound = Vg = 300 m/s

|<] ))) o

« |
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f >
= = m = d,=Vg*t, G=3000m
1d=G-Vg*t,|

adding the equations:
2d=Vg*t; +G-Vg™t,

2d = (t, —t,) * Vg + G

a =) Vs+ G

2
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Accuracy & Errors
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Absolute vs. Relative Accuracy

Absolute Accuracy:

Hohe absolute | Hohe relative

nauigkei Genauigkeit
* Locate position in absolute terms (same position Genau gKe t g

even after month/years)

Relative Accuracy:

* Positioning in a defined timeframe

» Not neccessarily the correct geographical
coordinates

« Enough for parallel lines with steering system, not
enough for CTF (controlled traffic farming)

@ Tatsachliche Position
« Good enough for measuring areas @ Gemessene Position
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Error & Interference

Common Causes for losses in signal quality: Less common causes:

» Athmospheric effects * Radio interference or jamming (e.g.
* Multipath error military)
« Satellite constellation * Major solar storms

+ Satellite maintenance/maneuvers
creating temporary gaps in coverage

= =,
Ungestiider Raum }—\ EEI%?.-'E.Tﬁ:i
g

| Gestirte Aushreitung |

— Untefleklierte
Troposphare

e,
.
=

Quelle: Agrocom, 2007
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Errors add up

Ionospherical Interference
Satellite constellation
Satellite clock error
Tropospherical Interference
Multipath Error

Calculation Errors

Makes for a theoretical combined Accuracy of +- 15 metres.

© 2023 Bernhardt, Grebner (TUM) | GNSS

Co-funded by
the European Union

+/-5m
+/-2,5m
+/-2m
+/- 0,5 m
+/-1m

+/- 1 m
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How to improve accuracy?

GNSS augmentation — Differential GPS
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Basic idea of Differential GNSS
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Measured position = error + actual position
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Basic idea of Differential GNSS

Augmentation of a GNSSystem is a method of improving the navigation system's attributes, such as accuracy, reliability, and
availability, through the integration of external information into the calculation process.

This calculation can be done in 2 ways:

+ Post processing - data is collected and precise georeferencing is done @home, e.g. post-processing of yield maps
(relevant during the early stages of Precision Farming)

* Real Time - correction signals are transmitted directly to the Operator (e.g. tractor/harvester receiver) and correction
takes place near real-time

3 Methods are common:

+ Satellite-based augmentation systems

* Ground-based augmentation systems
*  RTK (real-time-kinematics)
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Post Processing vs. Real Time



Post Processing vs. Real Time
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Rechner

mit Software
zur nachtrdglichen
Korrekturrechnung
(post processing)

Feststation

¢ Ubertragung der
Korrekturdaten

Demmel Differentielles "Global Positioning System" (DGPS)
Auernhammer | mit nachtréglicher Korrekturrechnung (post processing)

Be

CANDTEGHRIK
IHENSTEPHAL

T~-G32 123

Demmel
Auernhammer

Differentielles "Global Positioning System” (DGPS)
mit augenblicklicher Korrekturrechnung (on line)

< LANDTECHNIK
WEIHENSTEPHAN

Be 952 309
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Post Processing

Base Station and mobile receiver are logging Positions, data can be
matched via timestamps and used for calculation of corrected position.

* No telemetry neccessary on mobile machine
« Accuracy can be improved
« Data storage on mobile machine required

» Accurate position not available to machine operator

—> Only suitable for documentation purpose!
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Real Time

Correction signal of the base station is directly transmitted to the
mobile receiver.

» Telemetry System required on mobile machinery
* Low requirements for data storage on machine

» Accurate Position available for Operator & Machine control (e.g. steering system)

—> Suitable for positioning & navigation!
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Satellite-based augmentation
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SBAS (sattelite based augmentation system)

EGNOS Satellite

Geostationary
-
% satelllite

Master Station

Source: Agrocom (2007)
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Satellite-based Augmentation Systems (SBAS)

,‘-0-‘_

"""?I’;

Operational/certified Under development/definition
for civil aviation . Planning *System not yet certified for civil aviation

Source: European Global Navigation Satellit Systems Agency
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Ground-based augmentation
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Ground-based Augmentation System

=, DU s satelliten

Korrelstur

"

Q

Referenzstation \

Source: Agrocom (2007)
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Example for ground based augmentation — nautical beacons

» Network of ground-based reference stations
transmit their position via VHF-/ or long wave

radio

* Range ~70-200 km 4{

« The closer a reference station — the higher the 7 Z fe %ozasiﬁ
accuracy T AR /X

© 2004 geo-konzept Grgb
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Example for ground based augmentation — own reference station

« Farmer buys ground-based reference station

» Reference station transmits its position to
Tractors/Harvesters via 434 MHz frequency
band (free)

*  Whole fleet of the farmer‘s/contractor’s
operation can use the signal

+ Range:
 3-5 km for mobile reference station

« 20 km for stationary reference station

© 2023 Bernhardt, Grebner (TUM) | GNSS
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Phase Measurement

Begin
Observation

End
Observation

N is constant

¢=0+p+N
Legend:
¢ = Total Phase

o = Fractional Initial Cycle
(phase measurement)

GPS Receiver

f3 = Observation Cycle Count

N = Carrier Phase Ambiguity
(cycle count at lock on)

© 2023 Bernhardt, Grebner (TUM) | GNSS



Co-funded by . -
the European Union i I

* Real time kinematics uses the
satellite signal’s carrier wave
as its signal, ignoring the @ senden der Position

. . . L Berechnung des
information contained within @ Korrekmr;?gnah

. GPRS Senden des
) . Korrektursignals
« Areference station transmits @ \ I
correction data to the tractor SERVER -&
« RTK uses a fixed base station or . SPRS T

virtual base station from a
network to reduce the tractor’s
position error
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Different Signals for different Applications in Agriculture



SAPOS HEPS

“Free” RTK Signal for Farmer:

* 150 € registration fee

« SAPOS compatible receiver
« Mobile Internet Connection for receiving the

correction signal
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SAPOS®-Referenzstationen in Bayern

A
> 0297 Stockheim,

0287 Aschaffenburg

A

0295 Hof

0284 Kulmbach!

A e Lok 0289 Schweinfurt.|

0267 Bamberg
0268 Kitzingen

0260 Erlangen™.

A

1275 Ansbach 0280 Schvandorf:

0279 Neumarkt

A
A 1277 Eichstaitt, 0278 Kelheim

A 1283 Mitterteich

0276 Nerdlingen, 0257 Straubing

Vo
4 | A A
A 0258 Pfaffenhofen” 0266 Landshut
3274 Ginzburg A ot 1 of

0259 Augsburg

0264 Aschau
0256 Minchen
0273 Mindelheim

A A
1271 Weilheim! A 0272 Rosenheim
1270 Bad Tél
MO~ Rt g et VoL S5 67
1282 Lindaunga1269 Wertach® s A7) /AL
o 2 0285 Garmisch

farrkirchen




Co-funded by 1 "
the European Union | I

Differential Providers for correction in Europe

Signal Provider Accuracy Cost

WAAS/EGNOS public 50 cm free
StarFire | John Deere 25cm free (StarFire 3000 Receiver)
Range Point RTX Trimble 15 cm 250 €/a
StarFire Il John Deere 5-10 cm 600 €/a
OmniSTAR XP/HP/G2  OmniSTAR 5-10 cm 1000 €/a
Center Point RTX Trimble 3,8 cm 1.090 €/a
RTK VRS Now, Farm-RTK, AgCellent, 2,5cm 350-1500 €/a
Agravis-Net, LU-Net, MR-Net
SAPOS-RTK Every German State 2,5cm For agriculture: basically free*

© 2023 Bernhardt, Grebner (TUM) | GNSS Some states charge a adminstration fee
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