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Principle

• Reflection on the path (mirror)

• Reflection on the head
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Typical spectrogram
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Simulated Doppler for observed fireball
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Detailed head echo

Analysing the .wav file
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Some maths

6 observations →

position M (3 parameters)  and velocity vector v (another 3) can

be determined
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VVS beacon / 
receiving network
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Worked out real case

12 Dec 2009, 20h38 UT  Geminid

sure about identification?



Armagh september 2010 10VVS    Chris Steyaert

standard Geminids radiant  
α = 113 º, δ = +32 º
at the location of the beacon:

Az = 257 º, h = 34 º
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Numerical procedure

• ‘Simplified ‘ procedure for streams:

– velocity vector is known (v = 34400 m/s)

– starting value for M = (0, 0, 90000)

• Miminize the Doppler and Doppler rate errors

M = (-16000, -18000, 96000)  at t = 0

• For the mid point of the head echoes:

• Why Coussens no HE?
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Sensitivity analysis

• Error source

– timing accuracy (NTP synchronised)

– outlier removal?

• Monte Carlo simulation

– Std dev  5 ms
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Simulation  results
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Conclusions / the future

• Accuracy
– Several km, strongly depending on geometry of the receivers

around the transmitter
– Sensitive (few %) to  speed

• Need better time reference

• Full procedure for non-stream meteors

• Number:  average 10 / day ?  Statistics of head echoes

• Automate the analysis
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