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Hokkaido meteor analysis test 
 N. Nishitani has started to obtain IQ 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 

 just try to start it. 

 There are some issues to be solved to do this... 



Hokkaido meteor analysis test – done 

a meteor?? 



SD meteor (neutral) wind obs. 

Hall, G., et al., JGR, 1997 

GNREs(Grainy Near-Range Echoes) 
 r<400km 
 random echo power distrib. 
 both in range, beam, and time 
echoes seen every day 
   independent on geomagnetic activities 
   Dep on UT/Local Time （LT=UT-6h） 
   many echoes in early morning (-> meteors?!) 
Sudden increase of GNRE echoes 
   when Gemini meteor stream happaned on 12/13 

 



Hall, G., et al., JGR, 1997 

variation of hourly 
avarange of VLOS 
|Vlos| much 
smaller than normal 
ionospheric ehoces 
semi-diurnal 
component - 
diminant 

 
similar to 
variation of semi-
diurnal tide of 
neutral wind 

 
⇒these echoes 
reflect neutral wind 
velocities around 
mesopause region! 

SD meteor (neutral) wind obs. 



Hall, G., et al., JGR, 1997 
SD GNREs:meteors @ 94±3km altitude! 

SD meteor (neutral) wind obs. 



Hall, G., et al., JGR, 1997 

SD GNREs are meteor echoes at 94±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 

SD meteor (neutral) wind obs. 



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 



Problems in early SD meteor obs 



SuperDARN 



IQ raw time series analysis (TMS) 

like a conventional meteor radar... 



IQ raw time series analysis (TMS) 



IQ raw time series analysis (TMS) 



1 pulse sequence ~90msec 

unequally 
spaced 

multi-pulse 
sequence 

TMS mode does just simply record all the raw IQ 
samples (with time stamps and all other info) 

IQ 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 profile. 
⇒ Very high time resolution (>10Hz, ~400Hz) time series analysis can be 

performed. 

IQ raw time series analysis (TMS) 



IQ raw time series analysis (TMS) 



IQ raw time series analysis (TMS) 

~7 sec (1 beam integ time) 
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) 

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



IQ raw time series analysis (TMS) 



IQ raw time series analysis (TMS) 

Under-dense 
meteor! 

Over-dense 
meteor? 

E-region 
echo? 

artificial 
noise?? 



IQ raw time series analysis (TMS) 







SuperDARN 



SuperDARN 



Syowa so far 
 older Radops with TMS mode 

 ⇒should be upgraded to newer ROS 
  with iqwrite 

 tms/nre -> tms_read/tms_plot.pro (idl) 
 ⇒iqdat format (dmap) 

 extract meteors (idl) 

 fitting vectors (svdfit on idl) 



Hokkaido test 
 Newer ROS to make iqdat with iqwrite 

 convert iqdat to tms -> tms_read/tms_plot.pro  
 ⇒ tms_read.pro should directly read iqdat 

 extract meteors (idl) 
 ⇒ should migrated to C 

 fitting vectors (svdfit on idl) 
 ⇒ should migrated to C 



Hokkaido test Hokkaido test 2011/Sep/04 



Hokkaido test 



Hokkaido test 



Hokkaido test Hokkaido 

a meteor? ?? 



Hokkaido test 
a meteor?? 



Hokkaido test 



Hokkaido test 



Hokkaido test 
Hokkaido 



Hokkaido test 



Hokkaido test 



Hokkaido test 
 frang=120km, lagfr=400μsec?! (should be 800??) 

 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??) 

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

 some spiky noises?? 

 interferometer, oversampling, FDI? 



Hokkaido : near future 
 frang/lagfr, smpnum inconsistency ⇒ should be resolved 
 frang/lagfr should be changed to minimum 
 confirm if meteors properly sit there 
 move from "iq2tms" 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 

 automatic meteor extractions 
   and move to routine work 

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



SuperDARN 



improvement of spatial resolution 
distinguish F/B meteors w/interferometer 

Tsutsumi., et al., Radio Sci., 2009 



improvement of spatial resolution 
distinguish F/B meteors w/interferometer 



improvement of spatial resolution 
oversampling 



improvement of spatial resolution 
oversampling 



  
freq difference   

|Δf | < dR/c     
|Δf | < 3.33 kHz (rsep 45km) 
|Δf | < 5.0 kHz   (rsep 30km) 
|Δf | < 10 kHz    (rsep 15km)   

N frequencies 
may resolve 

up to (N-1) targets 

Use 2 closely adjacent freqs (Δf~kHz)  
Infer fine range location within a range cell 

using phase differences by dual freq observation 

(Dual freq) FDI  
(Frequency Domain Interferometer) 

condition for 
determining 

target location 
without ambiguity 

Df determined so that 
Df rotates < 2p 

when targets moved 
over a range cell 



High Range Res. Meteor Obs. by 
Dual Freq FDI    (Tutumi et al SD WS 2004) 

Change TxFreq 
every pulse sequence 

(i.e., Tilt TxFreq), 
2 phase groups seen 

FDI vs Over-Sampling 
Nice Agreement! 

Finland 2004/02/08 
1-day all meteors 

sec                  sec 



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

 
4-freq FDI 

echo Power by 
ST radar. 

 
original 

rsep=300m 
 

FDI resolved 
much thinner 

turbalence    
layer structures 

within range 
cells 

N frequencies 
may resolve 

up to (N-1) targets 
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when flow burst or FTE created and 
starts to move, 2 spectral components 

develope temporally possibly interacting 
with each other 
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PIFs & FTEs 
Pulsed Ionospheric Flows (PIFs) seen 
at conjugate Finland & Syowa East pair 
every 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 
PIFs is ionospheric signature of FTEs 
[Wild et al., 2003] 
similar results also with Equator-S & 
with Geotail 

Wild et al., Ann. Geophys., 2003 



Finland SD 
radar 
FOV 

EISCAT 
Tromso 
Heater 
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radar 

Iceland East SD 
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F-region FAIs with heater & SD 

Temporal variation of  high time resol. heater echo power 
around 2-min heater ON period at ranges #62-64. 

2min heater ON 

10sec intt 

Power 
(log) 

Large Power Amplitude Temporal 
Variation during Heater On period 



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) 



thank you 
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