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> Theoretical Introduction - Low-Cost Receivers

Type Receiver Price[€] GNSS Supported Use Case
GPS, GLONASS,
u-blox ZED-F9P 120-170 Galileo, BeiDou, ZIF\/’eUiAnV,
0ZSS ying
GPS, GLONASS, Multi-band
Low-Cost ChipCraft CCNV2 190 Galileo, BeiDou, navigation,
0ZSS, NavIC, SBAS research, loT
GPS, GLONASS, Surveying, UAV,
u-blox ZED-X20P 150-180 Galileo, BeiDou, autonomous
NavIC, QZSS systems

Trimble R780

15000 -18 000

GPS, GLONASS,
Galileo, BeiDou,
0ZSS, SBAS, NavlIC

Professional
surveying, RTK

Professional Leica GS18T

20000-25000

GPS, GLONASS,
Galileo, BeiDou,
0ZSS

Professional
surveying, RTK

Javad TRIUMPH-1M
Plus

50000

GPS, GLONASS,
Galileo, BeiDou,
0ZSS

Professional
surveying, RTK

1 b "]

1 eblox
ZED-X20P-00B-00 1
CP700001383

AS-RTK4-X20P-L1256-NH-00
Cost: 225 €
https://www.ardusimple.com/product

/simplertk4-optimum-zed-x20p/
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} Theoretical Introduction - Low-Cost Antenna

Type Antenna Price[€] GNSS Supported Use Case
u-blox GNSS GPS, GLONASS, Budget option,
Multiband ANN-MB- b4 Galileo, BeiDou, compact, basic
00 QZSS, SBAS coverage
ArduSimple GPS, GLONASS, Budget option,
Low-Cost Calibrated Survey 200 Galileo, BeiDou, compact, basic
Multiband QZSS, SBAS coverage
Septentrio Mosaic- GPS, GLON.ASS, Budget option,
G5 Smart Antenna 500-600 Galileo, BeiDou, compact, basic
QZSS, NaviIC, SBAS coverage
Trimble Zephyr 3 GPS, GLONASS, SUb_crEnmtgrhase
D 2,200-2,500 Galileo, BeiDou,

Base

0ZSS, SBAS

repeatability,
multipath rejection

Leica AR25 3D
Choke Ring

Professional

10,800-14,000

GPS, GLONASS,
Galileo, BeiDou,
0ZSS, NavIC

professional
reference stations

Javad RingAnt-DMT
Choke Ring

5,000-8,000

GPS, GLONASS,
Galileo, BeiDou,
0ZSS, IRNSS, SBAS

professional
reference stations

AS-ANT3B-CAL-L1256-SMATNC-01
Cost: 199 €
https://www.ardusimple.com/product/calibrated-

survey-gnss-quadband-antenna-ip67/

mosaic-Gb ultraLight RTK GNSS Smart Antenna

Cost: 552 €
https://gnss.store/products/elt07577srsltid=AfmB0oq
GJMMDa70xhwbbWtBJgobkzXSXrEgbtgluzTXkHHra0l0
9y
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Software:

® Microservices as Docker containers

® Writtenin Rust

® Independent from u-center

® Managed by BalenaOS and openBalena

Hardware:

® Running on Raspberry Pi 4B
® Uses u-blox

® IPB7 aluminium case

Antenna:

® ArduSimple Calibrated Survey
Tripleband GNSS Antenna (AS-
ANT3B-CAL)

Individual calibration model used
(from Leibniz Universitaet Hannover )
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} Discussion of ANTEX calibration files

Why calibrate?
® Each antennahasunique PCO/PCV characteristics
® Factory models # real behavior

What calibration gives:
® Precise PCO & PCV values for this specific antenna
® Eliminates manufacturing/assembly asymmetries

How it's done:

® Test field — antennarotated in multiple orientations

® Multi-satellite observations — compute individual
phase pattern

AUT

Tupek, A., Zrinjski, M., Svaco, M., & Barkovié, . (2023). GNSS Receiver Antenna Absolute

Field Calibration System Development: Testing and Preliminary Results. Remote

Sensing, 15(18), 4622. https://doi.org/10.3390/rs15184622
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Construction of the mean model -comparison with

official ArduSimple model - NOA/Z|
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} Construction of the mean model - average of 10 antex

ATX mean forngOl (EO1 too)
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} Construction of the mean model -thinned average model
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} Construction of the mean model -average of 4 neighbours
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Construction of the mean model -comparison with
professional model
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} Impact of ANTEX models on positioning results
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} Summary

ANTEX:

® The average model demonstrates good representativeness for
individual unit models.

® The thinned and neighborhood models do not obscure the
overall distribution of values.

® Low-cost antennas, in comparison with professional antennas,
do not exhibit reqular symmetry in their characteristics.

Positioning:

® The use of the official model is not permissible when other
satellite constellations are employed.

® The official model is characterized by significantly different
PCO (Phase Center Offset) values compared to the Hanover
model.

® The application of the averaged, thinned, and neighborhood
models affects positioning results in a similar manner.
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