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The top panel shows the complex ACF The top panel shows the complex ACF 
measured along beam 3 at range gate 59 measured along beam 3 at range gate 59 
at 11:21:06 UT on 24at 11:21:06 UT on 24thth November 1998 by November 1998 by 
the the SuperDARNSuperDARN radar at radar at PykkvibaerPykkvibaer
IcelandIceland

The middle panel shows the phase of the The middle panel shows the phase of the 
ACF ACF 

The lower panel shows the normalised The lower panel shows the normalised 
power spectrum (black line) obtained from power spectrum (black line) obtained from 
the FFT of the ACFthe FFT of the ACF
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The The SuperDARNSuperDARN 7 Pulse 7 Pulse 
Scheme Scheme 
Each pulse is 300Each pulse is 300μμs long and s long and 
are separated by the multi pulse are separated by the multi pulse 
increment of 2400increment of 2400μμs.s.
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The The SuperDARNSuperDARN 7 Pulse 7 Pulse 
Scheme Scheme 
Each pulse is 300Each pulse is 300μμs long and s long and 
are separated by the multi pulse are separated by the multi pulse 
increment of 2400increment of 2400μμs.s.
Lower panel shows the Double Lower panel shows the Double 
Pulse schemePulse scheme
We can effectively increase the We can effectively increase the 
temporal resolution by 3x and temporal resolution by 3x and 
still maintain the same range still maintain the same range 
resolutionresolution
No definitive lag zero powerNo definitive lag zero power
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The The SuperDARNSuperDARN 7 Pulse 7 Pulse 
Scheme Scheme 
Each pulse is 300Each pulse is 300μμs long and s long and 
are separated by the multi pulse are separated by the multi pulse 
increment of 2400increment of 2400μμs.s.
Lower panel shows the Double Lower panel shows the Double 
Pulse schemePulse scheme
We can effectively increase the We can effectively increase the 
temporal resolution by 3x and temporal resolution by 3x and 
still maintain the same range still maintain the same range 
resolutionresolution
No definitive lag zero powerNo definitive lag zero power
We could increase the temporal We could increase the temporal 
resolution by a factor of 4 but we resolution by a factor of 4 but we 
would lose some range gates at would lose some range gates at 
the higher endthe higher end
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The Doppler Velocity                                            The Doppler Velocity                                            (1)(1)

(2)(2)

Where the phase is                                              Where the phase is                                              (3)(3)
With only two lags pointsWith only two lags points……
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We can see here We can see here 
The DPV plotted vs.The DPV plotted vs.
SuperDARNSuperDARN fitfit
VelocityVelocity

Correspondence to: jdb23@ion.le.ac.uk                           SuperDARN Workshop, Australia. 1st -6th June 2008



We can see here We can see here 
The DPV plotted vs.The DPV plotted vs.
SuperDARNSuperDARN fitfit
VelocityVelocity

Correspondence to: jdb23@ion.le.ac.uk                           SuperDARN Workshop, Australia. 1st -6th June 2008



We can see here We can see here 
The DPV plotted vs.The DPV plotted vs.
SuperDARNSuperDARN fitfit
VelocityVelocity

Notice the good Notice the good 
correlation for thecorrelation for the
IonosphericIonospheric scatterscatter
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Clearly, Clearly, fitacffitacf will not work for our double pulse experimentwill not work for our double pulse experiment
-- To develop a To develop a ““double pulsedouble pulse”” technique we require all the I&Q technique we require all the I&Q 

sample returns.sample returns.
-- Hence, we utilise, TMS (Hence, we utilise, TMS (YukimatuYukimatu et al., 2002) dataet al., 2002) data
-- Adapt the raw time series analysis for study of our systemAdapt the raw time series analysis for study of our system
-- Does not degrade the normal Does not degrade the normal SuperDARNSuperDARN ACF ACF 

observationsobservations
-- We may want to understand high time resolution We may want to understand high time resolution 

phenomenaphenomena……
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A double pulse operational campaign with 
CUTLASS observing Tromsø heater 
scatter on 6th March 2008.
Narrow width
Single region of powerful backscatter
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We see that 66 integrated We see that 66 integrated 
TMS TMS ACFsACFs (in this case) yield (in this case) yield 
a result that is almost a result that is almost 
identical to the identical to the FitacfFitacf routine.routine.
Integrating removes noise Integrating removes noise 
BUT does this process BUT does this process 
remove interesting data?remove interesting data?
Ideally, with good data we Ideally, with good data we 
can use noncan use non--integrated integrated 
TMS double pulse data.TMS double pulse data.
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ChA Standard Fitdata

Integrated TMS Data 
Unconvolved

ChB with Power 
Deconvolution Applied 
(Double Pulse)



ChA Standard Radar Mode Fitdata

ChA Standard Radar Mode dat data

ChA Integrated TMS data

ChA Emulated Double Pulse (dat data)

ChA Emulated Double Pulse (TMS data)

ChB Double Pulse P1&2 data

ChB Double Pulse P3&4 data

ChB Double Pulse P5&6 data

ChB 3x Temporal Resolution



Firstly, we investigated a comparison between the standard Firstly, we investigated a comparison between the standard 
SuperDARNSuperDARN fit velocity and the calculated DPVfit velocity and the calculated DPV
We demonstrated that while the DPV can yield results similar We demonstrated that while the DPV can yield results similar 
to the to the SuperDARNSuperDARN Fit velocity, it really has to be run in Fit velocity, it really has to be run in 
conjunction with the standard modeconjunction with the standard mode
The DPV method yields an impressive data set for the The DPV method yields an impressive data set for the 
ionosphericionospheric scatter, however, the DPV method struggles with scatter, however, the DPV method struggles with 
ground scatter due to a noise issue. (i.e. Slow plasma ground scatter due to a noise issue. (i.e. Slow plasma 
convection velocities)convection velocities)
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We have also conducted a preliminary investigation into the We have also conducted a preliminary investigation into the 
workings of TMS data from workings of TMS data from SuperDARNSuperDARN
We have shown that a direct integration of individual We have shown that a direct integration of individual ACFsACFs
(each 100ms pulses) yields a result almost identical to the (each 100ms pulses) yields a result almost identical to the 
standard ACF from standard ACF from fitacffitacf
Our results of the double pulse technique demonstrate that Our results of the double pulse technique demonstrate that 
double pulse requires high double pulse requires high ionosphericionospheric convection velocities to convection velocities to 
be an effective measurement tool.be an effective measurement tool.
However, we have shown a proof of concept that the general However, we have shown a proof of concept that the general 
method works and we can, to a certain degree, increase our method works and we can, to a certain degree, increase our 
temporal resolution by a factor of three.temporal resolution by a factor of three.
And we can And we can deconvolvedeconvolve the power returns such that we can the power returns such that we can 
form a reasonable lag zero powerform a reasonable lag zero power……
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Perform analysis of other TMS Double pulse Perform analysis of other TMS Double pulse 
intervals using the raw time series analysis intervals using the raw time series analysis 
technique.technique.
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