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SuperDARN-Standard Radar Mode (b)

Autocorrelation function and spectrum
1998/11/24 - 11:21:06 UT Beam 3; Range Gate 59

@® The top panel shows the complex ACF
measured along beam 3 at range gate 59
at 11:21:06 UT on 24t November 1998 by
the SuperDARN radar at Pykkvibaer
lceland

® The middle panel shows the phase of the
ACF

® The lower panel shows the normalised

Fitted ACF Parameters:

power spectrum (black line) obtained from Jil power - 20543
the FFT of the ACF 4 ey - ot
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® The SuperDARN 7 Pulse

Scheme SUPERDARN PARAMETER PLOT

O) Each pulse iS 300“3 Ion and CUTLASS: STANDARD AND A THREE DOUBLE PULSE SEQUENCE
are separated by the multi pulse DO e SRR
increment of 2400us. e
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© ggﬁesr#gerDARN 7 Pulse SUPERDARN PARAMETER PLOT

@ EaCh pulse IS 300“8 Ion and CUTLASS: STANDARD AND A THREE DOUBLE PULSE SEQUENCE
.are Separated b the mu ti pUIse _ 2400usMPINC;  300usSMSEP, 1200usLAGFR —
increment of 2400us.

® Lower panel shows the Double : o
Pulse scheme & 1000 208
® We can effectively increase the - ool N ool e -
temporal resolution by 3x and Time (e
Stl” malntaln the Same range CUTLASS "Standard” Pulse Sequence:
resolut|on I " 23 6.0""” ______

® No definitive lag zero power Time (ms)

2400 us MPINC; 300 us SMSEP; 1200 us LAGFR
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® The SuperDARN 7 Pulse

Scheme SUPERDARN PARAMETER PLOT
® EaCh pulse iS BOOHS Ion and CUTLASS: STANDARD AND A FOUR DOUBLE PULSE SEQUENCE
.are Separated b the mu ti pUIse _ 2400usMPINC;  300usSMSEP, 1200usLAGFR —
increment of 2400us. i e
® Lower panel shows the Double - n
Pulse scheme & 1000 .-
@ We can effectively increase the Al N N BN N e g
temporal resolution by 3x and Time (e
Stl” rlr]?lntaln the Same range CUTLASS "Standard" F’ulseSe:quneﬂnce:“’
resolution [ — 6_0*'-’&? ______
@ No definitive lag zero power rime (e

@ We could increase the temperai
resolution by a facter off 4 but we
would lose seme range gates at
the higher end
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40 60
Time (ms)
CUTLASS "Double Pulse" Pulse Sequence:
_E[._]|_ 1|(|_1II 2021 3 s
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@ The Doppler Velocity

C ¢2—¢n
Arf . t2—11

VDoubIePuIse m—

rad

Where the phase is
@ With only two lags points...
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30 May 2006
SUPERDARN PARAMETER PLOT

31 May 2006 "
SuperDARN Fit Velocity and Calculated DPV_S catter=

ast stereo normal (cew) scan mode (153)

90

® We can see here
The DPV plotted vs.

SuperDARN fit
Velocity

Geographic Latitude
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30 May 2006

SUPERDARN PARAMETER PLOT
31 May 2006 "
SuperDARN Fit Velocity and Calculated DPV_Scatter=]

ast stereo normal (cew) scan mode (153)

90

® We can see here
The DPV plotted vs.
SuperDARN fit
Velocity

75
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Geographic Latitude

Ground
scatonly

Geographic Latitude
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® We can see here
The DPV plotted vs.
SuperDARN fit

Velocity

@ Notice the good
correlation for the
lonospheric scatter
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30 May 2006 >

SUPERDARN PARAMETER PLOT =
SuperDARN Fit Velocity and Calculated DPV_Scatter=2

31 May 2006 ™"

reo normal {cew) scan mode (153)
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Standard Radar Mode Double Pulse Emulation

30 May 2006

SUPERDARN PARAMETER PLOT
31 May 2006
SuperDARN Fit Velocity and Calculated DPV_Scatter=3

normal (cew) scan mode (153,

® We can see here
The DPV plotted vs.
SuperDARN fit ”
Velocity ™o
@ Notice the good

correlation for the

lonospheric scatter
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Emulated Double Pulse Velocity for lonospheric Scatter

30 May 2006

SUPERDARN PARAMETER PLOT o

31 May 2006 "
SuperDARN Fit Velocity vs.DPV:PMCC=72.0983%'

fast stereo normal (ccw) scan mode (153)

The DPV as a Function of the SuperDARN Fit Velocity: PMCC=72.0983%
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Emulated Double Pulse Velocity for Ground Scatter

The DPV as a Functlon ﬂfth& SuperARN Flt U'E|CI-CIW PMCC=21 0434%
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@ Clearly, fitacf will not work for our double pulse experiment
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To develop a “double pulse” technigue we require all the 1&Q
sample returns.

Hence, we utilise, TMS (Yukimatu et al., 2002) data
Adapt the raw time series analysis for study of our system

Does not degrade the nermall SuperDARN ACF
observations

We may want to understand high time resolution
phenomena...
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@ A double pulse operational campaign with
CUTLASS observing Tromsg@ heater
scatter on 61" March 2008.

@ Narrow width
@ Single region of powerful backscatter
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SUPERDARN PARAMETER PLOT 6 Mar 2008
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= We see that 66 integrated SuperDARN RAW Data Plot TMS Mode 6 ver 2008
TMS ACFS (In thIS Case) yleld Hankasalmi: ACF: TMS Range Gate=63. Beam=5, rangeg;:“%n;:;ﬁ:rggﬁu;mn
a result that is almost

E gF II)ri ntegrated TMS ACFs

identical to the Fitacf routine.

Integrating removes noise
BUT does this process __
remove Interesting data? B T I S—

Ideally, with good data we S SEIRe
can use non-integrated ]
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SUPERDARN PARAMETER PLOT
ATHREE DOUBLE PULSE SEQUENCE

2400 us MPINC; 300 us SMSEP; 1200 us LAGFR
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Sessaiogram: SuperDARN Raw Time Series Plot
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ChA Standard Fitdata

Integrated TMS Data
Unconvolved

ChB with Power
Deconvolution Applied
(Double Pulse)

SuperDARN TMS Power Plot

Hankasalmi: Various Power Comparisons
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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 =

SuperDARN TMS Velocity Plot

Hankasalmi: Various Velocity Comparisons
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@ Firstly, we investigated a comparison between the standard
SuperDARN fit velocity and the calculated DPV

® We demonstrated that while the DPV can yield results similar
to the SuperDARN Fit velocity, it really has te be run in
conjunction with the standard mode

® The DPV method yields an impressive data set for the
lonospheric scatter, hewever, the DPV method struggles with
ground scatterrdue to'a'noise issue. (i.e. Slow plasma
convection velocities)
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® We have also conducted a preliminary investigation into the
workings of TMS data from SuperDARN

@ We have shown that a direct integration of individual ACFs
(each 100ms pulses) yields a result almost identical to the
standard ACF from fitaci

@ Our results of the deuble pulse technigue demonstrate that
double pulse requires high ionespheric convection velocities to
be an effective measurement teol.

® However, we have shown a proof of concept that the general
method works and we can, to a certain degree, increase our
temporal resolution by a factor of three.

® And we can deconvolve the power returns such that we can
form a reasonable lag zero power...
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@ Perform analysis of other TMS Double pulse
intervals using the raw time series analysis
technique.
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