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1. Where is the satellite?

2. How wrong is the atomic 
clock?









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!











These guys care



Galileo Reference Centre, Noordwijk

































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

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

● 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.

● GLONASS: Well.

● 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”:
○ Double check - is it just me or is something going on?
○ Assurance that conditions are good for precision measurements

● For GNSS operators:
○ Totally independent monitoring solution, written by people who have 

no reason to make it look better than it is
○ (Official monitoring, sadly, is being performed by Galileo-vendor 

itself)

● For public order:
○ Spoofing detection
○ Jamming detection

● For researchers / hobbyists / GNSS operators:
○ Access to all our recorded data, every message, raw, since August 2019
○ Interim level data: Grafana graphs
○ InfluxDB of all recorded statuses, ephemerides, atomic clock 

parameters
■ Gateway to Pandas/Matplotlib/Jupyter
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