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Hokkaido meteor analysis test

& N. Nishitani has started to obtain 1Q samples
at Hokkaido radar with new ROS.

& (underdense) meteor echoes should be abled to
be extracted to obtain neutral wind velocity
and Its height profile around mesopause region

i Just try to start It.

® There are some i1ssues to be solved to do this...



Hokkaldo meteor analysis test — done
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SD meteor (neutral) wind obs.

e e aaa . @GNRES(Grainy Near-Range Echoes)
Jgf iy r<400km
: random echo power distrib.
¥ B both in range, beam, and time
O R A ®cchoes seen every day
b y et : independent on geomagnetic activities
Dep on UT/Local Time (LT=UT-6h)
many echoes in early morning (-> meteors?!)
qg®Sudden increase of GNRE echoes
,7wWhen Gemini meteor stream happaned on 12/13

18 0.50

12 0.40F

0.30f

Occurrence Raote

0.20F
i 1o g 2 3 g 3 4 b1 a4 1 ¢ 1 1 & 3 43 3 | ;

9Z/08/01

Q

0.10F

0.00FE . . o v . .
0 5 10 15 20
ut

Figure 2. Mean daily occurrence of near-range echoes
for May 1994 (solid curve) and October 1994 (dotted
curve) for beam 5 of SuperDARN Saskatoon. This
graph shows, for each hour, the fraction of mtegratlon
periods containing echoes at least 10 dB above noise in
the five nearest range gates, i.e., ranges between 180
and 405 km.
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SD meteor (neutral) wind obs.
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'SD meteor (neutral) wind obs.
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SD meteor (neutral) wind obs.

®SD GNREs are meteor echoes at 942 3km altitude
®SuperDARN can measure neutral wind
®Neutral wind measurement at mesosphere are very poor.

®SuperDARN can contribute to MLT region research
®many/some studies using neutral wind data derived from ACF triggered

Arctic HF Radars Antarctic MLT Radars
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Hall, G., et al., JGR, 1997



SD meteor (neutral) wind obs.

®many/some studies using neutral wind data derived from ACF
have been triggered.

®no guarantee whether it is real neutral wind data

®height profile can not be resolved though it Is important.

®relatively poor temporal/spatial resolution

_____________
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Problems in early SD meteor obs

7 SD meteor wind measurements using normal fitacf'ed data ‘&

("G.iw NwRue Eos”')  [e.g., Hall et al., 1997]
Shortcomings:

1. Impossible to exclude non-underdense-meteor type echoes thoroughly
(unknown real temporal variation of echoes)

* We cannot know if GNRESs are really underdense echoes or not!
2. Lower SNR (duration of meteor echoes (0.1~1s) << intt (~7s))

3. Too low range (height) resolution —p- Altitude structure cannot be resolved
for mesopause region dynamics

4. Directional ambiguity of echoes

(even when interferometer technique 1s applied)
(can be serious!)

(VLOS component of neutral wind parallel to boresite could be badly affected due to echoes from behind the radar (back lobe)
* near-range meteor echo power - relatively high

* LT dep. of meteor azimuthal distribution)
borfk:site boresite
A) In case that neutral wind  is R B) In case that neutral wind # is B main beam
perpendicular to radar boresite VLOSa<04 parallel to radar boresite
] L’ VLOS < 0
/] ‘
——— _gssssscebescesss —-—-_--—--. cosososssses
Ant: array - array -,
VLOSm = VLOShH (<0) VLOSm #\'L()Sh
(i.e., back lobe echoes do not g (i.e., back lobe echoes DO VLOS.>0
badly affect the estimation of I . badly affect the estimation of e }
neutral wind component VLOS»<0 neutral wind component ;
perpendicular to radar bovesite.) back lobe parallel to radar boresile

il back lobe 4 i
unless we dzstmgwsh back lobe (IVLOS: VLOSu!)
5 Too far frang (1st range gate) (normally 180 km) eksframanssaiameies)




Local time dependency of meteor azimuthal distribution
by Syowa MF (meteor mode wiinterferometer, 2.4MIHz) 1999/06/15
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1Q raw time series analysis (TMS)

Underdense meteor echoes More requirements for raw time series meteor analysis:
= >=~20Hz

1. Duration of meteor echoes : ~0.1-1s
e—(t-rn)/’co 2. | horizontal neutral wind vel. | =<~150m/s = >=~20Hz (@~10MHz)
(~40Hz @~20MHz)

- %
1
| B
I;e' @&%m oise lovel = Both require at least 20Hz of effective sampling frequency
TUREYgoeco for raw time series analysis.

time }
= When current pulse seq. (~100msec) is used,
if at least 2 samples per pulse seq. are available

P AlLF._{J‘ ;‘%‘}5"\'.-“"‘\ g,
r duration
~0.1-1scc

for raw time series analysis,
it meets the requirements above (if freq ~ 10 MHz).

like a conventional meteor radar...




1Q raw time series analysis (TMS)

"single-pulse"” observation

4 Tx pulse
Tx pulse
]
i}
= .
g "unequally spaced multi-pulse ACF method"
: = —r=rng o [Farley, 1972]
*
% : can form (equally spaced) time series for range=rng without any range ambiguity R eI e e .
e . oA
s i
5_
2
o ;
----------- - === L IR IR ey o /|
| ; d = ) (range in qm§;iau)
o L 1 L i L 1

. J
. Time * I% * * =
@ : correlated signals ¥ * £ & ons
& :uncorrelated signals from all different ranges

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

=> Is "raw time series analysis' possible?!?



1Q raw time series analysis (TMS)
SuperDARN pulse sequence and sampling points

mppul=7, mpinc=2400us, ppat[7]=10,9,12,20,22,26,27}, txpl=300us (rsep=45km)
smsep=300us( 45km), lagfr=300us( 45km), nrang=80, maxrng=3600km, nsmp=296, seqtime=88.80ms

_ _ - 2.4ms w : samples for 180 km range
. raw time series analysis always OK | H4
B s (ctepuloeobservationt) ™ |4 i3 by s i a7 ey
h 4 4 . 4 v h 4 wviw
R AACECGCSHCSI A SRR CASEAGRC SIS SCSE A SRS
—OR= e o _
sampling range to receive possible echoes by each pulse| = — == o —
0.3ms 20624.0  30.0 60.0 time (msec) —> 88.8m
i 2 80) 961'00 160 176 2(')021]8 216 sample | 206
15K . — 3203600 k
"rad. distance(km) "
« 1 pulse sequence g

Possible Maximum Radial Velocity : 4 - fj/2 > 150m/s

(required for neutral wind measurements in mesopause region to study MLT region dynamics)

—- Nyquist Frequency(fy) : > 10Hz (in case of TxFreq=10 MHz)

—> Sampling Frequency : > 20Hz
—) # of usable samplcs requircd . >=2 (per 1 pulse seq (~100 ms))




1Q raw time series analysis (TMS)

TMS mode does just simply record all the raw 1Q

samples (with time stamps and all other info)

SENSU SuperDARN Raw Time Series Plot

Syowa East 2001/10/16 04:42:50UT, cpid 150, bm 7, frq 10455kHz, intt 7sec (nave 76), xcf 0
mppul 7, mpine 2400us, txpl 300us{rsep 45km), smsep 300us{ 45km), lagir 300us{ 45km), nrang 80, maxrng 3600km, nsmp 296, seqtime 88.80ms

ppat(7]=(0,9,12,20,22,26,27), noise 49(fclr 42), att 0(0->0), DCofs I1: 1, Q1: 0 (removed), ercod 0x0000, MaxBadRng 45km, pwrthr 6.0dB(20.0dBHinechk)
Pulse sequence and sampling points 1 )
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Yukimatu, TK. Yeoman D.M. Wright

by A. Sﬁﬁj

1 pulse sequence

- r e Prepee TS e xicic e ay,
1me (msec)—> 88.80ms

30ms " 60ms
>

1 pulse sequence ~90msec



1Q raw time series analysis (TMS)

Reconstruct (unequally sampled) raw IQ time series for each range gate, not
affected much by cross range noises by checking lag0-pwr range proﬁie.
= Very high time resolution (>10Hz, ~400Hz) time serles analysis can be

performed.
Pulse sequence and sampling points
1 0 3 S #6 7
I
0.0msec 88.80ms
sampling interval to receive possible echoes from each pulse
N pling I ; = pﬁ?z 80 96 ; 160 176 _20820% 26|
T
"3 mean (lag0) power profile over ranges and overlaid pwr profiles shifted by pulse time delays
10%- u A
10? " b N sample —
108 '

: Suenmpﬂ-Ecd mc;m ptlvr plr'ofi]i.r: durling l puIISe s;.:q. T;.'ithcrut t]1:|e l:l:lmtri'fl:mticrm b}l; a I:‘lnger#4 {rlﬁﬂkm) 1E}{)I raﬁge #4
10%{—: shifted lag0 pwr profiles : usable smp. for RTSA

_____ : 1l ave pwr profils ‘ xl}lt smp. for RTS#-
%‘hﬁ'ﬁwi T ?;IS a Dﬂﬁ

1023 S ¥, 5 i
. . v 3 onmds by D obif
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0 100 200 sample 729
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% SENSU Su?erDARN Raw Time Series Plot

1Q raw time series analysis (TMS)

s owa East 2001/10/16 04:42:50UT, cpid 150, bm 7, frq 10455kHz, intt 7sec (nave 76), xcf O "2
mppu ¥, mpinc Z200us, xpl 300us{rsep 45km)}, smsep 300us{ 45km}, lagfr 300us{ 45km}, nrang 80, maxrng 3600km, nsmp 296, seqtime §8.80ms
ppat{F]1={0,9%9, IZ.,ZI],ZZ,ZG,Z.T}, noise 49(fcir 42%, att O 0-> 0}, DCofs[1z 1, Q1: 0 (removed), ercod 0x0000, MaxBadRng 45km, pwrthr 6. 0dB{20.04dR, finechk)

Pulse sequence and sampling points

1 2 #3 44 H5 HO|H#T
| | LA ! AL _
oL 58.80ms
ling interval to i ible echoes fro h pulse
! sSampling 10y recen e PI?; S?) o (Js"eg 1IN each pu 160 176 SO o
all sampled power (I12+Q?2) (all pulse sequences overlaid) _ sample—
¥ ¥ L v ] : noise level

“nenoise level
sample —

I(Econstructed mean pwr profile during 1 pulse seq. by superimposing all the shifted lag0 pwr profiles

1 0‘5 reference line fior L
104w v v : K | i
102- P < t"l B NS Vo Ha R .:- =——— _n__:sg-n—_ﬁgl}_i -
182 ) sample —
E imposed mean pwr profile during 1 pulse seq. without the contribution by a range #4 (180km) ex) range #4
105 {———: shi 1ng0 poor profiles Q ; usable smp. for RE=a |-
_____ : e e unusa ST, r
1ot |O o ¥ © > >< o-for KIS
102 - I ——————— T,V — R S = o > . ¥ — e no!gﬁ"—_ﬁlg‘_ﬁ‘ B
169 sample —>
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+ : samples available for JEIESRHET ST TIE T
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Lk R s it
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1Q raw time series analysis (TMS)

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

range g ate#
for each range gate slant mn ¢ [km] for each range gate
POWCI‘ during 1 beam mt%g time  eff Syl %I? ' i) Phase du;nng | beam 1nt%g time
6 max. rad. vel. VLOS=-40 nv's
}85 typical underdense métedf echo] - ims . e I T I .. .
H : .. 0 = : .0‘ L + 0 I .. ‘s 0. 'm
10° peak power: | D=18.8 m/s 1240 ? ""e” . I s .
10° 34dB i 013 O 5 . B & A g G
102 R : 3225}1 ‘0.::; "'0' . o T 8§ e ” > &
10l noise fevél -90 We oo f Iy :.: 2
100 ) | . . '180:.- ; .. .. - ’ ; L} , , *
Ql 55 56  57sec ‘51 52 53 54 55 56 57sec
[ [] » ’
7 1 bea ingegratwn,tu{le (~’{sec 1 beam integration time (~7sec)
~ [/ SCC cam intecgo t1me

together w/ conducting ACF(frequency domain) obs.,
record all the IQ samples,

extract samples with no cross range effect,
which enables time series (time domain) analysis.
(TMS mode, Yukimatu & Tsutsumi, GRL, 2002)




1Q raw time series analysis (TM

An example of near range raw time series data
SENSU Syowa East October 14, 2001

1 pulse sequence (—~90ms)

=

.i:lam range gate (36%%]:1:1) B 0"‘ samples o
z E?E ™~ lag-0 power 3 g i ]
= 198 _ _ — 1 &3 i1 - ]
E wel T LT e . e g T e amwere v
45 e TPOWGI‘ (=12+07%) 1 45 °} Phase arcran(IfQ))_ -1 45
«8 Y T ~ = y - T : Ny o i SRR N T A ) et | mp e g
90 =} ;
1?»5:5E Liz/sunde‘rden;e meteor! 1i3s

s P
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o E,
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270w 1270

- -
315 = 1315
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360 i 1360

é -

3405
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1450
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540
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gate] S [ranes
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F

1 beam integration time
{~7sec)

time [sec]
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ffrea aliacino)

beam integration time

{(~7sec)



1Q raw time series analysis (TMS)

$ Examples of near range echoes Underdense

B SENSU Syowa East beam7  04:40~04:50 UT October 16, 2001 Meteor?

H}% TMS ACF aas
for each range gate for each range gate - .
Powerdurmg 1 beam integ. time off ) 2 WA ]P h a S edunng 1 beam mteg time (1ect) meeorpeo e

I e tooin o Yes  Dig

. Undel’ dense ; Po:34dB  P.1: 18dB
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D104044650 E-region “i:7 [ :f ./ | No @
/’W""‘\/‘T echg? = <5, H ¥ . P I 7an
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1Q raw time series analysis (TMS)

==,  SENSU Syowa East Near range echo statistics
SENSU Syowa East Oct. 15-21, 2001
- . October 15-21 2001 ISE}{—rangey{—Sﬁﬂhn(Smges),tota15842?0 obs.

(2000""3 000 meteorS/ da}’) not used for raw time series analysis

dug tu punlblc tmq allssmg (~10Hz)

almost no meteor echoes
whose trails are parallcl to t])c grcmnd

non-{it data ﬁmf datn fit by fitact
SIS0 B 314036 (53%) 290014 146%
% 4000 F _.g 3000
& 3000E dccnpasil:lg power 3 )
% with distance % 2000 e T
‘e 2000¢ kS e e
1000 raw time .selle_:a .

= 1000 +Ant. pattern = meteor analysis inum_sﬁ“t'fﬁatd

0 ]

{0.7% fn all non-tit data points)

0 160260360460560660 012345¢67

Range (km) # of pulses/sequence
(out of 7 samples)
12
1500 e 3000
S -
i) = o oy !
= 1000 =3 7 5 2000 1% 100%
> T b2 > 0 - real good underdense meteor echoes
j'_’ * ® detected by raw TMS analysis [ TMSmet]
°© s500F & : © 1000}
= £ S
(=] 5
ot & , , , 0 , All real TMSmet AllACFm et
0 5 10 15 20 0.1 1.0 10.0 100.0 &
uT (hr) Diff. Coef. (m2/s)

expected and r

Syowa LT = UT+2240™

for metcor echoes

All these are

asonable

height by CIRA 1986 model

~85 - 105 km
peak @ ~97 km

in case of freq~10.4 MHz
(slight TxFreq dependency..)




Sensu
Syowa East

Sensu

Syowa MF radar (meteor mode). -
October 15—21 ’ 2001 MR s ION
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: CIRA 1986 model




Mean diurnal variation of 2-D neutral wind altitude Froﬁle
at mesopause region using beam-swing tech. (svdfit)
by SENSU Syowa East radar in October, 2001 (monthly mean)
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Eastward neutral wind at 4 altitudes
at Syowa, Antarctica October 15-21,2001

hourly mean values _ ______: Il;.IfIFF 21%12((1:.%15;‘;1')
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* Basically very good agreement!
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SuperDARN
Syowa MF (FCA) Syowa East HF (TMS)
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Syowa so far

& older Radops with TMS mode
=should be upgraded to newer ROS
with igwrite

& tms/nre -> tms_read/tms_plot.pro (idl)
=1gdat format (dmap)

i extract meteors (idl)

i fitting vectors (svdfit on idl)



Hokkaido test
& Newer ROS to make igdat with igwrite

& convert igdat to tms -> tms_read/tms_plot.pro
= tms_read.pro should directly read 1qdat

i extract meteors (idl)
= should migrated to C

i fitting vectors (svdfit on idl)
= should migrated to C
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Hokkaldo test
€l frang=120km, lagfr=400usec?! (should be 8007?7?)

& should be "frang = rsep (lagfr=smsep)"
to properly estimate cross-range effects.

& smpnum value (869): strange (exp: 872)
nsmp=mpinc/smsep x pat(mppul-1) + nrang — lagfr/smsep
(something Is wrong??)

s difficult to find clear underdense meteors yet...
(something wrong??)

& some spiky noises??

L



Hokkaido : near future
& frang/lagfr, smpnum inconsistency = should be resolved

i frang/lagfr should be c
& confirm If meteors pro

nanged to minimum

perly sit there

& move from "iIg2tms" to directly analyse iqdat

& determine meteor height with interferometer data
and try to calibrate interferometer (elev. angl.) data

as well as to confirm if

range offset is adequate

& oversampling/FDI etc to always get higher spatial
resolution even during CT mode

s automatic meteor extractions
and move to routine work

s apply 1Q analysis to other researches,
e.g. other MLT/MI studies, sea scatters, etc.



Local time dependency of meteor azimuthal distribution
by Syowa MF (meteor mode wiinterferometer, 2.4MIHz) 1999/06/15
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Improvement of spatial resolution
distinguish F/B meteors w/interferometer
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Improvement of spatial resolution
distinguish F/B meteors w/interferometer

Test Results
0: 00-99 m2/s_Beom: 00-05 _
ol K ] all data

. i L .1 e each meteor
E .. 1 @ hourly average
¥ PO :
. v 2| main-lobe
5 & L h [
5 | e | €CNOCES ONIY
§ ~Sor ~ ., . 1 e cach meteor

[, '+« 1 @ hourly average

-100} . . o
ettt ] clear semi-diurnal comp
0 5 10 15 20 25 can be seen!!! Good!!

Ut (hr)



OVErSsa

Sampling Interval 45 km

Improvement of s pzf\tlal resolution

Meteor Trail

Tx Pulse Meteor Echo

e o
-45 0 45 90 135 180 225 270 315 360
Ronge (km)

Sompling Interval 15 km / Oversampling

Meteor Trail

Tx Pulse Meteor Echo

-45 0 45 90 135 180 225 270 315 360
Ronge (km)



mppul 7, mpine 2400us, txpl 300us(tsep 45km), smsep 300us( 45km), lagle 300us( 45km), lagOnrang 80, nrnrang 12( 1-> 12), nsmp 296, seqtime §8.80ms
ppat[7]={0,9,12,20,22,26,27}, noise 71, att 0{ 0-> 0), DCofs:(removed), ercod 0x0000, MaxBadRng 45km, pwrthr 3.0dB{20.0dB finechk), OVS:1/1/100us
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(Dual freq) FDI
(Frequency Domain Interferometer)

Use (Af~kHz)
Infer fine range location within a range cell
using by dual freq observation

f1 f2

/1 range bin freq difference
e T |Af| < dR/c

31 | \ ( ]J‘LZ NN |Af | < 3.33 KHZ (rsep 45km)

<05 |af| < 5.0 KHZ (rsep 30km)

dR A )k r m
L)' Df determined so that FSEem—.
difference Df rotates < 2p Juencies
when targets moved EEOUE
over a range cell 1) targets




High Range Res. Meteor ODbs. by

Dual Freq FDI  (tutumi etal so ws 2004)

 Finland 2004/02/08  *
~ . 1-day all meteors 5o
¢ 500f P’y
X i s«
~ 400} A
> 5 "
of et 3005— -
0246 0246 = 200}
sec Sec 100 bt
Change TxFreq 100 200 300 400 500 600

every pglse sequence Oversampled Range (km)
(l.e., Tilt TxFreq), FDI vs Over-Sampling

2 phase groups seen



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

Capon Range Brightness i | Palmer et al.,
£ ' Bl Radio Sci, 2001.

s
I 4-freq FDI
@ F echo Power by
= ST radar.
% original

5 rsep=300m

i "y @ B FDI resolved
——ait 8 BN much thinner
TR R i turbalence

N frequencies layer structures
may resolve within range

up to (N-1) targets cells




PIFS & FTES

®Pulsed lonospheric Flows (PIFs) seen
=% atconjugate Finland & Syowa East pair

o3 eVvery several minutes intermittently
= @PIFs & those Vlos variation: one-to-
one correspondence between the
conjugate pair
®FTEs observed by conjugate Cluster :
one-to-one correspondence with ground-

based SD PIFs
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F-region FAIls with heater & SD
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2-D Vel field evolution assoc. with pulsating aurora
during 1-min interval with ~2 sec temp. resolution
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Sea scatter (sea surface wave) (TMS application)

High Doppler Resolution Summary Plot of Unique Parameters
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