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1. Where is the satellite?

2. How wrong is the atomic
clock?



Parameter Explanation
e Ephemerides reference epoch in seconds within the week
va Square root of semi-major axis
e Eccentricity
M, Mean anomaly at reference epoch
W Argument of perigee
4 Inclination at reference epoch
Qo Longitude of ascending node at the beginning of the week
An Mean motion difference
1.’ Rate of inclination angle
5.2 Rate of node’s right ascension
Ciits Civ Latitude argument correction
Ciiai G Orbital radius correction
Cip, Cis Inclination correction
ag SV clock offset
ai SV clock drift

-

SV clock drift rate

Table 1: GPS and Galileo broadcast ephemeris and clock message parameters.







Effect of different perturbations on the GPS satellites over 24 h

L

Perturbation Magnitude (m)

Radial Along Cross Total
Earth oblateness 1335 12902 6101 14334
Moon (gravitation) 191 1:31.7 361 1379
Sun (gravitation) 83 649 145 670
C(2.2), 8(2.2) 32 175 9 178
Solar Radiation Pressure 29 87 3
C(n,m), S(n,m) (n,m=3..8) 6 46 4 46




1 nanosecond =30
centimeters



0.1 nanosecond/day: NIST F-2




1 nanosecond/day.. CORRECTED: Passive Hydrogen Maser







1. Where is the satellite?

2. How wrong is the atomic
clock?

This is 24/7 hard work!
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Europe’s version of GPS suffers major outage

By Blanca Britton, CNN Busin

Updated 1359 GMT (2159 HKT) July 15, 2019
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EU goes dark on Galileo satellite outage

'We can’t provide a running commentary, official says after EU
forced to take satellite navigation system offline.

By JOSHUA POSANER | 7/17/19, 7:00 PM CET | Updated 7/18/19, 8:29 AM CET

The EU's multibillion-euro satellite navigation system Galileo has been down for
almost a week — with little explanation.

The Galileo constellation, a €10 billion investment aimed at giving Europe an
independent and more accurate alternative to the U.S. Global Positioning System
(GPS) system, has been offline after first experiencing problems on Thursday, with
no timeline for bringing the navigation service back into operation.

While the agency responsible insists the problem stems from a ground-based
station and not the orbiting satellites, it has been quiet on the precise cause.
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Galileo Reference Centre, Noordwijk
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GPS ephemeris discontinuities
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Beidou atomic clock jumps (nanoseconds) GLONASS atomic clock jumps (nanoseconds)
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Nanoseconds

Delta in clock bias ESA SP3 data and broadcast ephemeris, E13
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GPS PRN 15 BIIRM-4 Orbit burn, 6th of September 2019 (UTC)
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- USB GPS GLONASS receiver
GNSS.Store SRR =
dnsbar ' % %k Ak 49+ 146 Rev

US $10.50

Quantity:

1T +

Shipping: US $3.69
to Netherlands via AliExpres
Estimated Delivery on 12/01

e |

Raspberry Pi Zero W

NAVILOCK 62524 GPS receiver/u-blox 8/USB/4.5 m

Item-No.: NAVILOCK 62524

Cable length: |4.50 m

€81,95

€1821/m
incl. VAT. excl. shipping costs
& in stock, delivery time: 1-2 business days

‘[ Quantity ‘ | add to cart

Mark to compare
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© | & https://github.com/ahupowerdns/galmon e @ || Q search

galmon

galileo/GPS/GLONASS/BeiDou open source monitoring. GPL3 licensed. (C) AHU Holding BV - beri@hubertnet.nl -
https://berthub.eu/

Live website: https://galmon.eu/

Theoretically multi-vendor, although currently only the U-blox 8 and 9 chipsets are supported. Navilock NL-8012U recelver
works really well, as does the U-blox evaluation kit for the 8MT. In addition, many stations have reported success with this
very cheap AllExpress sourced device. The best and most high-end receiver, which does all bands, all the time, Is the Ublox
F9P, several of us use the ArdusimpleRTK2B board.

Highlights

® Processes raw frames/strings/words from GPS, GLONASS, BelDou and Galileo
e All-band support (E1, E5Sb, B1l, B2I, Glonass L1, Glonass L2, GPS L1C/A) so far, GPS L2C and Galileo E5a pending).
® Calculate ephemeris positions

® Comparison of ephemerides to Independent SP3 data to determine SISE
© Globally, locally, worst user location

® Record discontinuities between subsequent ephemerides (in time and space)

® Compare doppler shift as reported by receiver with that expected from ephemeris
® Track atomic clock & report jumps

® Coverage maps (number of satellites >5, >10, >20 elevation)

e HDOP/VDOP/PDOP maps

® Compare orbit to TLE, match up to best matching satellite

® Tear out every bit that tells us how well an SV Is doing

® Full almanac processing to see what should be transmitting



So.. how good are GPS, Galileo, GLONASS and
BeiDou?

e When Galileo works, it is likely the best
o Currently down 1 satellite, plus on average 0.5 more

e GPS is “old faithful”, not as precise, but with new band,
may also be very good. Ground system very old. Also
down 2 satellites now, but has enough spares.

e GLONASS: Well.

e BeiDou: Highly dynamic, changing faster than receivers
can cope with. Manual incorrect. Still very impressive
launch speed & change rate.



Why GALMON.EU?

For “PNT Customers”:
o Double check - is it just me or is something going on?
o Assurance that conditions are good for precision measurements

For GNSS operators:
o Totally independent monitoring solution, written by people who have
no reason to make it look better than it is
o (Official monitoring, sadly, is being performed by Galileo-vendor
itself)

For public order:
o Spoofing detection
o Jamming detection

For researchers / hobbyists / GNSS operators:
o Access to all our recorded data, every message, raw, since August 2019
o Interim level data: Grafana graphs
o InfluxDB of all recorded statuses, ephemerides, atomic clock
parameters
m Gateway to Pandas/Matplotlib/Jupyter
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