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SuperDARN

multi-pulse ACF obs.
and

t1me serles




"unequally spaced multi-pulse ACF method"

*far ranges > 3000km [FFarley, 1972]

*max Doppler vel. > 3 km/sec B
" oenerally short correlation time PR
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@ : correlated signals .
& :uncorrelated signals from all different ranges

sk : can be affected by possible "range-aliasing" ("cross-range" effect) from other ranges

=> Is "raw time series analysis' possible?!?
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TMS mode does just simply
record all the raw IQ samples

(with time stamps and all other info)

SENSU SuperDARN Raw Time Series Plot

Syowa East 2001/10/16 04:42:50UT, epid 150, bm 7, frq 10455kHz, intt 7sec (nave 76), xcf 0
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Reconstruct (unequally sampled) raw IQ time series for

each range gate, not affected much by cross range noises

by checking lag0-pwr range profile.

= Very high time resolution (>10Hz, ~400H?z) time series

analysis can be performed
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Reconstructed raw time series
for a range gate (Power and Phase)
during 1 beam integration time of ~7 sec

for each range gate olet tal g ALl for each range gate
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SENSU Syowa East Beam7 04:40-04:50 UT_ QOctober 16, 2001
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10°(54:42:50
A I 180 = Under-dense

km : o w_'-f'."f r :‘n -i ‘v-:: | -- : s meteo r!
B 1040% 4"’»&4@ 1 arificial

135 st :
Noise+6dB *\\f km o ; nO|Se’?7

Noise - i i IS T

mOF L] e ]-180

C 106%;40:50 T TR ] 180
i I |V P 189 - At T s 1 Oversdense

Luod ; d luwd o v 0

1 %N\" T 1 T

| =1
-—-ﬁi=
T
‘i
"
1
1

D: 04504 46: 50 ;2 N i H R B =
o 1 2'3'4'5'6 ' "2,'1;?,35”4"’5'?6"'
1 beam 1n%e 5 {Secg ~7 sec tme (sec)

Ambipolar diffusion coefficient calculated from meteor echo
power decay ratio can be used to estimate meteor height

Detect under-dense meteor echoes only
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Yukimatu and Tsutsumi, GRL,2002




Northward wind velocity "/ s

Neutral wind
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Artificially induced FAIls by EISCAT Tromso heating
facility observed with CUTLASS Finland & Iceland East

SuperDARN radars and EISCAT Tromso UHF radar

SUPERDARN PARAMETER PLOT 23 Apr 1997
Finland (pwr_|) during Heating
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Radio and Space Plasma Physics Group Darren et al.. SD WS 2005

Finland chA
SUPERDARN PARAMETER PLOT 18 Mar 2003
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Temporal
‘ﬁ& Variation during Heater On period

Temporal variation of hi 2gh t1me resol,
heater echo power around Z-min heater ON
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ong duration ACF, why not?
Calculate ACF of I(t)+1Q(t)

using all the available lags

during one Intt period of 10 sec.

(Ignore pulse sequence boundaries)

(not equally spaced lags)



LD ACF 'c<10 Sec

R i There seem to exist oo o !
R at least 2 spectra

|A components

1@ s
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comparison fitacf ACF & new ACE

; " all'available Tags
Std JACF| 1 within a pulse

* - 2

max lag=17*mpinc 7 sequence _5

| . ax lag= 27*mp|nc
[ M . . . . . . o \W“

0~62tau (0~0.15sec)

ithin an mtt(lOsec)
vycnomax lag=~10sec
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comparison fitacf ACF & new ACF
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_ong duration Doppler Power
Spectrum (using all the 10 sec data,
much finer freq resol), why not?

To obtain Power Spectrum with
Unequally spaced time series,

just do the simple & primitive way..

Z(t,)=1(t,)+10Q(t,)

S(0)=g4 Z(t)*exp(-ioty)
PS(®)=|S()[?



L()ng du ratiOn / fitted velocity during integ time.
(fine freq resolution) #~|
~ Doppler Power order of
Spectrum around ~or <0.1Hz
average velocity €—(~ or < 1m/s)
CUTLASS Finland ~[>>10sec
TRErec16 430MHz long life time
1Hz ~ 10m/s~1sec
0.1Hz~1m/s~10sec
/~10Hz at least 2 spectral
(70~100m/s) Componentg can be
0.1~0.2sec | clearly seen
relatively short [\ ovi
life tlme\/\/ A V\\/\/\J
§ ] -, N A

-35 -30 25 Hz



Phase leap check
@ (t )=atan (Q(t,) / I(t)) + 2n 1 (& n=0 for k=0)

where n decided so that (& (t..,)- @ (t)-0*(t. -t =n

P ambiguity of determining n not happens when wd is small enough

0 'k =@ (tk)-(x)d*tk : subtract trend of average phase velocity

so that phase deviation around average phase rotation can be easily seen

where w4 :average Doppler angular speed fitted during intt

% Check if ¢ " continuously changes or jumps (leaps) sometimes

If @' changes only continuously, it's just due to change of target
LOS velocity or due to fading effect (ray path changing) etc.

If @' sometimes leaps, it might be possibly due to existence of
multiple (but not too many) number of FAIs within a range cell
& their (intermittent) production and decay processes,

whose Doppler shift is very close to the other FAIs but the initial
phase is randomly different.




Phase leap check - results

Pwri
(log) §

Ph .1 -
] - "J:. .' R
kL | tod Ir:éﬁi,*-"f."

{7 [ 'r W

Ph A

i “Hml

FAI died or produced intermittently???? m




Summary from single frec
1 . Heater echoes show large power amplitude temporal variation
(~Hz, ~20dB)

2 . Both long duration ACF and Doppler Power Spectrum of I,Q
show at least 3 distinct spectral components with order of
decorrelation time of short 0.1-0.2 sec and long ~/> 10 sec.

3 . LD ACF Temporal variation shows different behavior (time

scale) of each spectral components.

% Std fitacf may fit only one of the spectral components due to too
short max lag.

4 . "Phase leap check' analysis shows phase leaps of FAI ehoces
often happen with time order of < 1sec ..

X Before/after heater on period, such leaps mostly disappeared.

= All these above possibly or strongly suggest that

, possibly partly also with fading effect?




lTo confirm whether
the prev speculation
1S right,
move on to
Multi—ftrequency FDI
IMS data analysis



(Dual freq) FDI

(Frequency Domain Interferometer)

Use (A f~kHz)
Infer fine range location within a range cell

using by dual freq observation

freq difference
|Af| < dR/c

<0.5 |Af| <5.0 KHZ (rsep 30km)

| dR o . LK 7 (rsep 15km)
AT determined so that .
Af rotates < 2n  [dligics
when targets moved EEUYE
over a range cell 1) targets




Power ‘ Phase

2-freq FDI

0 2,4 6

Change TxFreqg every pulse sequence
(1.e., Tilt TxFreq), 2 phase groups seen



High Range Res. Meteor ODbs. by

Dual Freq FDI  (rutumi et al so ws 2004)

600 F'Finland 2004/02/08 |
—~ . 1-day all meteors | .-
¢ 500} A
= § .
~ 400} r4
e | d
il %t ﬂ? 300-
0246 0246 [
Sec Sec 100 bt
Change TxFreq 100 200 300 400 500 600
every pulse sequence Oversampled Range (km)

(1.e., Tilt TxFreq), FDI vs Over-Sampling

2 phase groups seen



An Example of Multi-freq FDI obs.
incase of ST radar stratosphere obs

Capon Range Brightness Palmer et al.,
! Radio Sci, 2001.

4-freq FDI
echo Power by
ST radar.

original
rsep=300m

W IR "= 4 A FDI resolved
% oadc o BN much thinner
BN : turbalence

N frequencies layer structures
may resolve within range

- = upto (N-1) targets cells




SuperDARN Range imaging
by Multi-Freg FDI ~ Initial Results

@Artificially induced FAIs by EISCAT Tromso heater
facility observed with CUTLASS Finland SD radar and
Tromso EISCAT UHF radar (arcl + beam swing)

@Multi-freg FDI mode developed to add to TMS code
@Tested around local noon on Feb 16, 23, 26 & 27, 2007

@TMS mode: rsep=15 km, intt=10 sec, & freqg change
every pulse sequence of ~0.1 sec

@3~10 fregs with min A f;=1kHz (corresponding to
150km) to check whether FDI works properly, though
min A fij=9kHz is the best configuration for the rsep.

@an example of 5 fregs FDI data is shown here.



EISCAT data example

Te, 2/23, 2007

91200-91300 UT:

JIEZ CECI
| N
4000

0 10
Distance (to South) [km]

200

Te 2007/02/23
09:12-09:13 UT
(1 beam scan / min)
Electron heated area happens near
clearly seen at 200km lower lat heated
divided into 2 parts..

o 0912:16-0912:20 UT

0 100

Ne at the same
time. Plasma
turbelence

arca

200
Distance (to South) [km]

PR ey N B R Do gt o U
250 ano 350

height [km]

0.4sec resolution
temporal variation of
Rx power range profile.
Ion acoustic wave
disturbance around
150km largely varying
with time
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multi-freq FDI test with meteors
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multl freq FDI test W|th meteors

e vars dat’ u 1 2
'vars.dat' u 1:3 -——---
120000 | &5
=
o
100000 Q.
A
80000 |
o 5-freq FDI
o | works fine!
20000 |
ey retative ran e |stan b
-20000 ! (ZTC phase 50 m

-80 -60



Initial phase determination for FDI

1. Determine initial phases for each frequency so
that the absolute location of a single meteor echo Is
determined.

2. Use this initial phases for imaging FAIs at heater
echo region (900~1000km)!

3. But This attempt FAILED Unfortunately!!!

4. Due to different ray paths for different Tx fregs
(and possibly with fading effect?) for far ranges?

(A order diff. could cause fatal problem!!)
Or Any other possible reasons????

= Meteor cannot be used for initial phase fix!!!



Initial phase determination for FDI
Meteor cannot be used for initial phase fix!!!

= Try to determine it
with heater echoes itself

assuming that there iIs only one spatial peak of
echo/target spatial distribution along range
direction within a range bin.

(Just an assumption,
so could not be the real distribution...)



range#60

60

40

20

-20

-40

Integ every 5 sec. no overlap (all independent)

with Capon estimator

]
'

T - T | T T T %
i_ . : "pow11.dat" u 2:1 —%'
| "pow12.dat" u ($2+shif) A\ ¥~

"oow21.dat" u ($2+2 skl M- --
"pow22.dat" u ($ N et
"oow31.dat" u (B2+¢*shif):1 - |
"pow32.da 2+5*shif):1

"pow +6*shif):1 --------
. u ($2+7*shif):1 -

\‘ L] :.

Relatively long (5 sec) inte?ration
was required probably
as each targets are correlated
and long integration can resolve

2e+07

| [ for them to decorrelate with

e one another



absolute initial phase
(absolute range)
-h0 FDI Range Imaging (range No.=: nOt Cal I b rated yet

but all the echoes are confined in a 15~45

km range bin within over a possible

~150km range space (corr. to 2r).
This means FDI works fine basically,




Conclusion

O . Heater FAI TMS data analysed more intensively.

1 . Heater echoes show large power amplitude temporal variation
(~Hz, ~20dB).

2 . Both long duration ACF and Doppler Power Spectrum of I,Q
show at least 3 distinct spectral components with order of
decorrelation time of short 0.1-0.2 sec and long ~/> 10 sec.

X Std. fitacf may fit only one spectral component or mixture of
multiple components.

3 . LD ACF temporal variation shows different time scale for each
spectral component when heater is turned on or off.

4 . "Phase leap check' analysis shows phase leaps of FAI ehoces
often happen with time order of < 1sec

| 2% Before/after heater on period, such leap mostly disappeared.

= All these above possibly or strongly suggest that
repeated Creation & decay processes of limited number of FAIs
possibly partly also with fading effect?

. =




Conclusion

O . Multi-freq FDI code developed in TMS mode and applied and
tested at the first time to SD radars to resolve multiple targets
within a heated range cell.

FAI range imaging within a range cell in range direction firstly &
successfully done basically.

6 . Results strongly suggest that very long-lived large scale FAI
and Small number of short-lived (probably soliton-like?) FAls
coexist within a range cell in the heated area.

7 . Analysis of EISCAT data and more optimised FDI
configuration with better pulse scheme will be done in near future.

% SDI and FDI are methematically identical and can be combined
for new 2-D imaging.




Future

O . Investigate the reason why FDI not always works as expected.

1 . Develop more optimised Multi-freq FDI mode/configuration
including selection of frequencies, way of scanning frequencies,
and change to better pulse scheme, etc. to suit artificially induced
FAlIs observation.

2 . Try to apply FDI method to natural FAT echoes, say cusp
backscatters, especially with SENSU Syowa radars.

3 . Try to infer the effect of fading more quantitatively to finally
estimate the real effect of FAI structure dynamics on the SD power
temporal variatioin.

4 . Analysis of EISCAT data for comprehensive understanding of
creation/decay processes of FAIs

O . Apply SDI as well as FDI to SD radar including hardware
update to perform 2-D imaging in some future.
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The End



