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SENSU Syowa brief history
1989 Prof. Ogawa proposed to join HFR network

1995 SuperDARN started and NIPR joined
Syowa South installed & started (JARE36)

1997 Syowa East installed & started (J37)
1999 Syowa South antenna reconstructed (J40)
2001- 1Q sampling (TMS mode, meteors, OVS, FDI etc.)

2005 Syowa South stereo radar (J46)
Syowa East interferometer added (J46)

2008 Syowa South digital Rx (J49)

2011-2016: JARE phase XlII (J52-57)

2016 Syowa South imaging radar (J57)
2017-2022: JARE phase 1X (J58-63) project plan...




Syowa current issues
Imaging radar

*Tx license update (must be solved by 2021)

*S. South sensitivity issue
Antenna replacement
*(Data Dist., Mi
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i Agilent  0B:07:48 30 Aug 2005 E T | Feak Search
Mkr1 9.10 MHz |
Ref20 dBm .  Atten 30 dB 19.48 dBm
Peak Meas Tools »
Log
10
da/ Mext Peak
ENA (nronianc laval) NedBkRight
JUULD \'JI \A | Uuo ICVCII
5008 (new Tevel)
W1 S2
S3 Fs 4 | Min Search
AR -va"\‘; \NMWM\\WM [TV D0 T RO Y S W O
Pk-Pk Search
Start 1 MHz Stop 61 MHz 1“”?59
#Res BW 30 kHz VBW 30 kHz #Sweep 25 s (401 pts) o

BEATA2007HEBER LY
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i Agilent  08:25.45 30 Aug 2006

R_T I'Freq;’Channe\

Trig  Free

Ch Freg

Center Freq

pied Bandwidth 9.12000000 MHz

Start Freq
9.02000000 MHz
Ref 20 dBm Atten 30 dB
fP“k Stop Freg
“‘;9 N 9.22000000 MHz
dB/ I CF Step
HH 20,0000000 kHz

1] I
i Fuwmﬂw | Aue M
[RRIRR RN | L. .

I I Fraq Offset
Span 200 kHz 0.00000000 Hz

Center 9.12 MHz

#Res BW 3 kHz #VBW 3 kHz #Sweep 6 s (401
Occupied Bandwidth Oce BW % Pwr  sam % || SiONal Track.
14.8922 kHz xdB  -26.00 dB _
Transmit Freq Errar F72.707 Hz
% dB Bandwidth 21.093 kHz*
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BHELRIEDONICT WireZ2TF@Alaska

NICT®Alaska King Salmon SuperDARN radar®wire antenna (NICTREKRZ{)
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BHELRIEDONICT WireZ2TF@Alaska

NICT®Alaska King Salmon SuperDARN radar@®wire antenna (NICTREKZ{)
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BEHELREEL)E DRI Wire 7T

PRIC®Zhongshan SuperDARN radar@®wire antenna (P1DHuK R fit)
by Radio Propagation Institute of China

Fig. 2—2 Stetch wp of the antema
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i 2. Support weight of bases:
Tower: 5000 kg; Mest: 2000 kg; Feed-line mast: 1000 kg.
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Typical 3 types of SD antenna

King Salmon

Wire L.P.
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Imaging radar

64N

%, |)=====Conventional SD+---

35

===  =F=

/% - ANtennas (16 + 4)eun.

Transmitters

Digital
Synthesizer|

13
,,,,,,, L) L Synthesizer

Computer
PCl Bus

... Imaging %

| SuperDARN
SuperDARN Imaging radar:

-~1 order higher spatial resolution (15km=~a few km if conditions meet)
enable us to perform next generation observation. Simultaneous global and

small-middle scale observation to understand M-I dynamics

- Together with Stereo capability & raw 1Q time series analysis method,
detailed electric field temporal & spatial evolutions around auroras and its dynamics,
FAI generation/decay physical processes by comparing with simultaneous
gound-based optical or other radar measurements etc. collaboration with PANSY ...

-Put range imaging using FDI or pulse-code technique,
3-D imaging might be possible.




principle of imaging radars
® Fourier method to form beams

phasing
Matrix
(H/W)

PC acquisition&process

using conventional phasing matrix

o Using phasing matrix with

16 sets of fixed length
phase delays,

forming beams in 16 fixed
directions,

data combined in analogue
H/W circuit are recorded
(both Rx&TX)

beam width: fixed

unwanted interferences
due to side-lobes — difficult
to distinguish



Spatial Domain Interferometer(beam forming)
o Capon Method

(Adaptive beam forming)

System Model

YYYYY

)f 1 )f 2 ).( 3 ).( 4 Xs amplitudes
I I I &
\/ \/ \./ \/ W phases

Conditional
Minimization

Capon’s Algorithm

- Statement

iwix(t)

power

mean output P = <

Z>

minimize { P=w"R_ w }

subject to w"c=1




Adaptive beam forming
(Capon method)

o In Rx, each antenna
output independently
recorded through digital
Rx boards without
combining in phasing
p——— =] - maitrix, then perform

aied adaptive beam-forming in
arbitrantly | S/W (Tx — conventional way)
Unwanted interference
removed adaptively,

Minimization _ _ _

mean output p _ \ 2 higher resolution In

digital RX yoyer B ZWiX(t) azimuthal direcion
|

Conditional

Cards + possible
Each antenna output separately o Imaging in a conventional
. X single beam enabled
record through dlgltal RX’ any Rx _(rgesolution depends on S/N ratio of

beam_forming in SW in PC received signals — 10 times higher if possible)



C Fourier vs. Capon
Fourier Method Capon Method

_ Beampattern (Fourier) /main ] Beampattern (Capon) / main
undesired . o 4 beam undesired . // beam

wave J\direction wave - \,_da1rect10n

side’”xyﬁlobe,s’"'

ide lobes le lob
Dy (tune freely) |/

 (fixed) \

L

remove unwanted waves (except main beam)
enable higher resolution in beam

impossible to remove
unwanted interference

Fourier Method Capon Method

Rx
intensity

ol |
.l azimuth { |
Al anglc > |

—80 —60 —40 —20 (o] 20 40 60 80 —80 —60 —40 —20 o 20 40 60 80




80

o Capon and MUSIC Methods

Fourier & Capon Methods
1 1 1

60 -

a0}

20

Fourier Method |

Capon Methods -

0
-100

-20 0 20 40 60 80

MUSIC (=Multiple Signal Classification) Method

100

400
300 |
200 |
100 F Hk
N X ]
-100 -80 -60 -40  -20 0 20 40 60 80 100

Examples of Estimation Schemes



The concept of radar ‘ﬁ
Imaging (by Todd. P.)

e What?

— Radar imaging in the process of determining a brightness
distribution (backscatter power vs. azimuth) of the radar taget.

— Taking a ‘snap-shot’ of the field of view of the radar
e How?

— Observe echoes from multiple spatially separated antennas,
then use the phase information from each antenna to get an
estimate of the spatial (azimuthal) target distribution.

— Extracting azimuthal information (d¢g/dx) from spatially sampled
signals is analogous to extracting spectral information (d#/dt)
from temporally sampled data.

— Many different brightness distribution estimators (spectral
estimators are available, and each has it's benefits.
« FFT
* Yule-Walker
 MUSIC
 Maximum Entropy
e Etc.



.P.)

Imaging (by T
(choose your favorite technique)

Fourier Example

+ Discrete Fourier Transform j?lig ))?2?;; j?n((ff(;
N1 21 22 Gt 2n
I ._._ V = L . . .
SRX(k,t):ZSn(t)eIk i Z : : S
- [ Xa() Xn() oo Xn(D)]
For all desired « (within limits of sampling _ _
theorem) and w is the weight vector,
» Can now take FT at each azimuth to get
Doppler spectrum = | ez &a jkd,
« Same as phasing matrix, but looking at w(k)= [e 2 oo ]T
all directions simultaneously . Yule-Walker (autoregressive)
Choose your favorite spectral > bzl Gl (R R
(hyperspectral) estimator * MUSIC (Eigen vector)
« Fourier — Calculate Eigen vectors of V(f), choose
CLEAN (algorithmic) noise vectors, v,(f), and signal vectors,
) (f), then brightness is given by,
- Capon (adaptive beam-forming) e = 2 y
= |
B, f) == B S)=— -
W V() ) W S0 i
where V(7) is the cross-spectral matrix, + Etc... noise



® System in Frequency Domain: FDI

o Same principle can be applied to
frequency domain for range imaging

Freq 1 - B Similarity

Range Angular

Freq 2 </\/ Space Space

Freq 3 \/\\/ Range <« Angle
Freq 4 \//\/\\/ MFultipIe YN 'IA\\/llJ[HI ple
regs ntenna
Freq 5 /\\N\/ Antenna
> Frequency Position

LL  JRage ppp g

targets
. : range angular
FDI & SDI are mathematically equivalent! |mag?ng |mgg|ng



altitude

FDI in atmospheric radar

o 5 frequency observation with the MU Radar

Conventional

iy

v ..la.-fl",l 'y

uben

observation time

Luce, Ann. Geophys. 24, p.791, 2006.



o Angular + Range High-Resolution

o 2D Iimaging simulation

Radar
4km

A 5 Antennas
K 7 targets7 Lkm Ax=3m (11)

)4
A

5 Frequencies

F,=100MHz
AF=100kHz

"2D-Fourier ”

10km Targets

[ targets
S/N=7dB each

v
YYY RADAR Infinite tlme_
observation




Syowa Imaging radars

&@1Q sampling (TMS), meteor, oversampling, FDI
@SYS: migration to digital Rx — done in 2008
@RF/IF sampling comparison in 2009

@imaging radar development(SDI) for SYS

-recording antenna output directly without passing through Phasing Matrix &
enabling adaptive beam-forming in PC.

- Stereo imaging is easy if RF sampling works — confirm at prototype test
at CUTLASS Finland site before bringing down to Syowa

@digital Tx for pulse-phase coding (sub-pulses)
@synchronizing Syowa SENSU twin radars

- Tx simultaneously to minimize contamination

<plan to upgrade SYE w animaging radar (future)



Digital Receiver and
Imaging (by Todd P )

Imaging requires receivers on
each antenna

For our implementation, we have
chosen the Echotek GC314-
PCI/FS

— 3 analog inputs and A/Ds

— 100 MHz sampling

— 4 receiver channels per antenna

— Up to 2 MHz BW per channel

— 7 GC314s total

Clocked with same 10/100 MHz
reference as all other radar
components

Sample all antennas
simultaneously, and process the
samples across the array into an
Image

P




Digital receiver implementation to
new Stereo SENSET Syowa South radar

Rev 1034 by A Sessar Fulimatu at NIPR/ Leicester on dpr. 23, 2008
HF 7 remnd from ﬁr‘fﬂ.ﬁ-l'dixwiﬁw with Chers, Safam, Mick & Mok i well o By and Masah
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Syowa imaging preparation

Lisa’s toy — Svalbard radar @Leicester, 2015
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Syowa imaging preparation

MKR -G .17 dBm

ATTEN 20dB
RL 10.0dBm __40.625MHz
MARKER =+
EF

MKR MARKER
40,625 MHz | DELTA
~ =6.17 dBm |
s {
NEXT
PEAK

NEXT PK

\

CENTER 40.625MHz SPAN 4.000MHZz
+*SWFP 10see

*RBW 30kHz *VBW 30kHz




Syowa imaging preparation

Artificial lonosphere

—_— s

MKR =G.17dBm
iz Pi_SRCH

ATTEN 2048
RL_10.0dBm 19487 40.
MARKER =

cF

MARKER
DELTA

NEXT
PEAK

NEXT i
RIGHT
NEXT PR
LEFT

Mo
oF

13638 '
] Longyearbyen Jun 17
[LELLEEEE] ] tus:-



Syowa imaging test setup @ NIPR

Set up using sounding frequency and

artificial lonosphere unit for testing in Synch Pulse 1:8 Splitter
Takyo BasBox )
7
g’f)g“'s_e 1:16 Splitter I PC with Digital RX Cards
nit
— 16 > Receiver Cards (20)
20
I Puls? 1:4 Splitter
DDS unit 3 4 >
RX Clock DRFE 1:10 Splitter
(only 2 used)
LO
DDS unit 1:20 Splitter
T 20 I




Syowa imaging test setup @ HokW

Set using the Hakkaido radar

Synch Pulse 1.8 Splitter
BasBox > (Synch)
7
To CHB Phasing
Cards
Interface Plate 20 DRFE PC with Digital RX Cards
_ Receiver Cards (20)
1:2 Splltter (20) 50 17 (RF)
(Using CHB) y
""""" 45 10
RX Clock 1:10 Splitter
Amplifier Cards (3)
(only 2 used)
LO
DDS unit 1:20 Splitter
T 20 I




Syowa imaging test setup

*The set up in Syowa will be the same as Hakkaido with the omission of the splitter between the interface plate and the phasing matrix. The Syowa radar
has 4-way splitters on its interface plate so the DRFE can be connected directly.

*Note the value of the attenuators should be set before connecting to the receivers and digital receiver cards. All levels measured should be terminated
into 50 ohms with any unconnected ports terminated. The pad size below is just a guide.

RX Clock

RXDCS(;Ck Ampilfier 1:8 way
DRFE Splitter

10dB —)[ 11db pad  |— e — 10dBm

m +20dB -9dB (2v P-P)
LO Ampilfier 1:24 way

DDS DRFE Splitter 0dBm

0dBm ;‘ bdbipad P 0ds > ~14dB 2 (0.6v P-P)




Radar H/W future - USRP

Current Echotech boards : discontinued.

USRP (Universal Software Radio Peripheral)

(or SDR (User’s software defined

Alaska group has started to deve
USRP to SD radar hardware — wil

Software development already a

radio))

op implementing
run soon...

most done.




Science Future directions
with new SuperDARN capabilities

comparison with mid- & small scale auroral structure — M-I
(Magnetosphere — lonosphere) coupling physics

FAI physics — fine structure of FAls — solitons?? — creating &
decaying processes? differences between natural and artificial
Induced FAIs?

detailed Doppler spectral analysis — to reveal instabilities
creating FAIls, roles of various MHD waves to determine spectral
width, multiple peaks of Doppler spectra, etc

to classify echo regions by Doppler spectral characteristics for
M-I mapping — dream!!!!

to improve meteor wind observations especially to improve
height resolution to contribute to MLT (mesosphere — lower
thermosphere) dynamics

PMSE studies

unique collaboration with satellites, PANSY and other ground-
based instruments including special optical obs. setup at Syowa.



Studies On Polar Upper Atmosphere in Possmle
Grand Minimum Period - T
I nner Magnesosphere Dynamics with SuperDARN

Towards Phase I X JARE ResearcWProgram 2016-22
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8th JARE planning - AP39 (2014-16)

SuperDARNEA—OS % mERRAINSIR S E - EHER SIBE
Study on magnetosphere-ionosphere coupling processes with
SuperDARN radars and ground-based optical observations

JARE55-57(2014-2016)

A. Sessal Yukimatu, H. Miyaoka, N. Sato, H. Yamagishi,
A. Kadokura, Y. Ogawa, Y. Tanaka (NIPR),
K. Hosokawa (UEC), Y. Ebihara (Kyoto U.), T. Motoba (JHU/APL)

B Objectives

B SENSU Syowa SuperDARN imaging radars and all sky camera
network at Dome-F, Zhongshan, & South Pole st. whose FOVs are all
under SENSU FOVs conduct simultaneous obs. This will reveal...

% MI coupling processes associated with meso-scale (~10~100km)

cusp and polar cap aurora
% cross-scale coupling shown in aurora and ionospheric disturbances




FOVs of all sky camera network under SENSU FOVs




JARE X 6-year project period (FY2016-2021)

» Enter into solar minimum period (during normal 11-year cycle)
» Historical lowest solar activity since IGY expected

200

150 - ;Maunder;
:Minimum:

100

Sunspot Number

50 | .
0 h NV
1600 1650 1700 1750 1800 1850 1900 1950 2000 2050

Date
» GM influence on global climate env. change :

unknown incl. relation. w/global warming —
quantitative evaluation is necessary.
» Polar upper atm. — most sensitive to external env.

change including of solar activity, solar wind

JARE: Japanese Antarctic Research Expedition
from Kadokura et al., NIPR Antarctic Observation Symposium 2014




Submitted project plan for JARE IX 3(+3)-year project period
“Study on polar upper atmosphere in possible
grand minimum period and inner
magnetosphere dynamics with SuperDARN”
by Yukimatu, Miyaoka, et al.

To investigate and understand quantitatively:
@ G.M. influences on polar upper atm. & geospace env.
geospace env. changes: (global SD+opt. network)
SW energy input and distribution of high energy particles
*its impact on polar upper atmospheric env.:
storms/substorms, cusp/polar cap, auroral oval, ion. convection,
other unexpected upper/lower atmospheric and climate changes?
@ Inner magnetosphere dynamics (with ERG/VAP)

*contribute to understanding particle acceleration & storms

B Closely related to SCOSTEP VarSITI program B
ISEST/MinMax24, SPeCIMEN & ROSMIC




Solar activity {,
] |

uvl Solar Wind 4, SW-Mag interaction (|IMF|)J
GCR1P Mag. structure Mag. total energy |
Cosmic ray obs. changes l
l’ Energy input to ISJ,
Energy input
lonosphere to lon.{,? Aurora particle | Radiation Belt
Ne, Tn — | i
v Global network obs. Aturora h Ier?g:;t:i‘;v;\zer
spectrogra
GNSS-TEC SuperDARN, Unmaned Obs. k stap B

Intern’tl col, conjugate obs. Aurora, riometer, VLF, ULF, Mag

lonosonde . .
Lower upper l l l
New atmosphere Influence on
lonization rate"? Lower atmosphere ?
Cont. Atmospheric —
composition C? PANSY, Milimeter, LIDAR, MFR, ASI & SD

from Kadokura et al., NIPR Antarctic Observation Symposium 2014



SuperDARN & global G.B. obs. Networks
& JARE IX future expansion plan

Polar Cap Cusp, LLBL, Plasmasphere
Tail Lobe HLBL, PSBL Radiation belt

from Kadokura et al., NIPR Antarctic Observation Symposium 2014




HMB long term

statistical variation

obs. by SD

— cusp latitude?

o2Marzoo2 . LT 42 (5nT)

00:30:00 - .~
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Northern Hemisphere

Imber, et al., JGR, 2013

Small IMF |B|

Y

(-69 min)

APL Model

4<BT<6

By+

1000
900
800
700
600
500
400
300
200
100

causes less active
convection or not?

- lwaki et al.

(,-sw) Ayoojen

HWE Latitude HME Latiude

B (nT) @_ (kV)

Wl (kms™)

Data pts per map  Mumber of substoms

Surspat Mumber

800
800
400
200

120
100

B0
40

0

Occurrence (9)

MB

R~ r..nn-u\nE

HMB

input
nergy

—
[

Illlllllgllllllll

:rlllllll 1T

AT

<

Q

- ._-5:.?. —————

=
-

SPN




SuperDARN &

Polar cap aurora
simultaneous study

l

Imaging radar will enable
more detailed studies

Koustov, et al.
(Ann. Geophys., 2012)
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FOVs of all sky camera network under SENSU FOVs
& 2-D high temp. resol. Aurora SD/Opt. observation
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Strategy

M Studies on Influences of Possible Grand minimum (less active solar activities
In a longer term) on Coupling processes of Solar Wind, M-I coupling,
storms/substorm activities, neutral-ionized atmos. coupling
(cross-region couplings) and interaction btw high and mid lat. ionosphere

@ L ess storms? Also less substorms activities??

@ Less auroral activities? smaller auroral oval? less bright?

@ Shrunk polar cap? — higher latitude for OCFLB? — how about cusp lat.??

SD, optical auroral measurement network
@how subauroral region phenomena will change and
how it will influence on high and mid latitude ionosphere and interaction inbtw?
@ Radiation belt at higher latitude? Ring current & plasmapause?
@ L ess sources of high energy particles due to less active acceleration mechanisms?
@ Or increasing GCR causes higher population and more active energetic particles?
Ne increase at lower upper atmos.? How about altitude of ionosphere?
-VAP, ERG, SD, ... all closely related to...
- SCOSTEP/VarSITI/ISEST/MinMax24 and SPeCIMEN

@ How less active ionospheric phenomena could cause lower atmosphere climate?
SD and PANSY with optical inst. over and around Syowa
-SCOSTEP/VarSITI/ROSMIC




ERG & VAP footprints under SD FOVs
PCH monitoring, SC events
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SD P.P. Detection by monitoring Pc5 FLR
(collaboratlve work w/Kawano@ Kyushu)
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Summary and Future (1) Next JARE 6-year project phase IX

» Wider global coverage by SD FOVs will provide more accurate global
potential maps and other physical parameters for SW-M-I-C studies.

* Esp. deep contributions to IM physics w/ VAP/ERG and G-B. obs.
network and theoretical works. Also try to enable I-M mapping with SD.

* Higher spatial and temporal resolution capability will enable us to study
smaller scale E field structure and related transient phenomena like
substorms, aurora, patches, FAIs etc by collaborating with satellites,
rockets and other g.b. radars and optical inst. network to understand MIC.

 Make SD be higher resolution global meteor radar network to contribute
to MTI region dynamics and cross-region coupling studies in
collaboration with other MLT related instruments.

« To achieve most or all above, close collaboration with other observational
techniques and theoretical works are essentially important. Collaboration
with EISCAT-3D and PANSY radars etc are particularly of great
Importance for comprehensive cross region coupling studies.

o Collaborative research proposals are always welcome.




Summary and Future (2) Importance on Grand Minimum studies

Current unusual low solar activity suggests possible entrance into
next historical Grand minimum. It is important to investigate and
understand quantitatively its long term impacts on polar upper
atmospheric environment and moreover global atmosphere or climate
changes. It is just time for comprehensive researches, which also fits
one of the main themes of SCOSTEP/VarSITI program.

Changes of possible solar wind (and cosmic ray) energy inputs,
Influences on magnetospheric structure, e.g., cusp, polar cap, auroral
oval, ionospheric convection, precipitating particles and distribution of
high and low energy particles including radiation belts and those
Influences especially on polar upper atmosphere should be carefully
Investigated. E.g. Statistical study on relationship between solar
activity/SW prms and SD covection/cusp lat. has been started.

Recent still growing SuperDARN network with wider FOV coverage in
both hemispheres as well as higher spatial and temporal resolutions,
also with capabillity of neutral wind detection, in conjunction with
satellites and other ground based observation network has great
advantage for the studies on SW-M-I-UA-LA cross region coupling.
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