F3220 £HFEURODL

%10
MUL—F —FERI[L—F—
RO L

Erk28F9H8H - 9H

REPKFEFEER






X U » I

BB VR AT 20T 1AL 92 MU L— & — 1%, SERCY FIOREFN 59 470 b A [E L [FFI I
feE, RFERFEMDEICED %< OEE EIFReT T b, Rk 16 fFIZEA S T
L— S —BIBE (LY AT A ) TiEH, b= —A A= U JBIINFIRRIC /e D70 & FIT R
T bEERER A KR L —F—D—>2 & L TEREFRIT T\ D, MU L—F—%, EX -
B HHR - BESHOMRERXKDOFEETH S IEEE(Institute of Electrical and
Electronics Engineers) X V. IEEE ¥ A LA h—ZESNTZ, £/, MU L—& — « 5f
BERRAL—F—DFT — X _X—ZOEEMENRZED S v, AFEFZERTIX 2016 45 3 A 12 1CSU(H
SRS O WS (R YT — % 2 27 1) D Regular Member [ZFE Sh7z, K3 HIC
FENTRICED MU b—F =@ BERS AT &) 28 ATET, EZEHEZ=y k
7 EO—ENEH S, ZEREN N LT 5 RIALTH D,

— 5 A v R T HRFEE A~ b ZINOFREE FISALET 5 RERKR L —# — (BAR) 1X
ek 12 FEEERICTER L7 KA GBI L — & — T, mE KBS %@Bm&4/
KRR T ZEF )T (LAPAN) & O FREFIC L 0 BHIEGEII AT S Tund, Rk 13~
18 LI I S V- B E - FREfEEAFgE [JRE RS ETHEA (CPEA) | 1288\ T, ZDH
¥ kafﬂmém/1%m7ﬁfﬁ%mm&0%@%Lmk® CRIFIHZBM Lo, Y
W BEBEILFRIFIHIC B L TR Y WSO IEE 12 & 2 LEFH S 2SR 0K 3 # & S
HTWD, EAR OFERRD S 15 FFEZFE& LT, Pk 2848 H 4 HIZY ¥ /L ¥ Sari Pan
Pacific AR T /WITEHW T, FRERKQ L —F —15 FFETLTHF LM LTz, 72, FERFT
I, RERKR L —F—% M L—& —WIZEERE - mfreb 32~ < JRE MU L— & — (EMU)
EREREOR LTV D, H ARSI O P O KRB G « KB FEEH BT 5~ A %
— 7T v TR SR ) (v A X —7"F 2 2014) O B S RFIHFSEE 2 EMU % S 305%
i D—2 &3 2% IR HERCRAS AR O AR Al ) (BRI R) PEE S vz, 72,
THEFEEOT— R~ 72014 ITHBE SN TV D,

FRk 28 429 H 8 H -9 BT, mAELKY %%?Vﬂx@ﬁﬁT~wKEwT%1Mjm
L—F— RERKQ L —F =V AT T L% LT, EEFIHIC KGR RO
1E0>, KRBT L— & — T B3 2 A5 m%%ﬁﬁ_owfmﬁmﬁ REND .
BRI EmN Thiz,

KES AIE B 15 EMST L—F—VU—7 v a v T2 FIRICBWCEMET 2 FETH D,
HFEFIHOREIZONTH L DRENITOND Z ERHIFRFSLD,

Rk 28 4 9 A

SRR A A7 BTS2 P
MU L —& —/FRERR L — & —2EEER A ARTEMEZE S
ZEER WA fi



H &

MU L —& — - FRiE KRR —% —2EH[E I EFR OB oo 1
LA < 48 1 2 (UK RISH)
EAR- XL =4 — BN IS WA~ 8T U COFFEI N AR BN X E B 2B

G R e 4
S AEP(KRE®R) -6 012 (UK RISH) - T2 EE(BRR) - i RF
(JAMSTEC)

A~ N7 B PR R80T D Pre-YMC2015 i [l iS5 p o~ — LR OH L oo 7

FRfE— PR E O - KL KRJAMSTEC) - #5 A (11 1K)+ Noer Hayati (BMKG,
Indonesia)*Fadli Syamsudin (BPPT, Indonesia)

2015 47 12 AIZabs S TRINS I EN S L7 KRS SRAEH v 9
EHANEF- « FKEFIEAN - I ) 8 — (JAMSTEC) * 4 1 {5 2 (5L K RISH) « Fl {4 L - 55 [ 78R
(EHBK)

YOI 7E 2 oD T B IR 112 21 B 5 i ~ et I Bl SR il & (R e Lot iR) +oevvveveeeeee 11

LLr R 2 « SR B AR, « K (L1 3 R (JAMSTEC) * Bengkulu %L BE(JAMSTEC « B #5 K -
BPPT-BMKG)+ AW BRI FE(JAMSTEC)

T T RPEHIR 351 A BB A B AIBR R - 17
TR (FE T TIENT)

Optical and radio observations of post-midnight irregularities at magnetically low-latitudes - 20
Tam Dao - Yuichi Otsuka+Kazuo Shiokawa (44 K ISEE)-Michi Nishioka (NICT)-
Mamoru Yamamoto (X RISH)-Suhaila M Buhari-Mardina Abdullah (Universiti
Kebangsaan Malaysia)

Equinoctial asymmetry in the east-west distribution of scintillation occurrence and latitudinal

variation of zonal scintillation drift and neutral wind <=« «--««ooceorerorerrrieiiei 24
Prayitno Abadi- Yuichi Otsuka*Kazuo Shiokawa (%4 K ISEE)-Clara Y Yatini (LAPAN,
Indonesia)

FR T T A N T VRl = ar El bR B E DL e 27

FRILIE 72 « P 5« i ) | [#3 2Z (NICT) » Claudia Stolle (GFZ Potzdam, Germany)
e R = b —a B SRE KRR — & — LD B BIE TR oD RE 22 [ 28 Bl O i

LA « 55 FRE— (R RISH) » #2 7Kk B 35 (B0 K) - 77 BRI FI Ot K BR) - 79 1R = (7B
TF-fLEERI) « K1 L R 22 « B FE(NICT) » Huixin Liu(JLREE) K& — (4 K ISEE)

GEONET GPS-TEC BN HADOERERE 3 IRTThNET T 7 4 —LZ DI v 33
[LIAS A « 7K B 788 (L R RISH) » 75 R I HI RO ER) » 75 FR 5= (B 7 isAir)
HUWVEEE —a BRI T A2V EHEDBAFE - 37

7 A - LA (K RISH)
ELF-VLF H#F &R FHANZEE DWW BB S X DR LS R O RS e 42



T2 =(V L VA &) - @GR A AL R) B B - B R B — 2 (AT ey
=7 F)

MU V—& —FEWFETH T 4T 7T Z—PNES AT DORHFE e 45
& RS2 - IREEGL - AR B E 5 - (AR RISH) - 2 = iR I - VE A B ]
(NIPR) - i AR E K IER)

WLZERE T o AR B DZAGAE 57O HAVD i B K B O R RN 75 A LS DU T+ 49
HIREZ - BREC IR - A W2 0 B(ENRD) - 7 AR — (K RISH)

Ku H5 & 0 M4 R B3 1 2R & o T L — 2 a b EREELIEOBISR «ooeoveeeeneee 52
AT 2 2 - SE W] R AR 1K)
JINFUARE N\ TZeHE MU L—4 — [RIRFBII S BR oo 57

AREE 48 O 2 (UK RISH) » Lakshmi Kantha* Dale Lawrence * Tyler Mixa (Colorado
K, >K)+Hubert Luce (Toulon K, {A)+Richard Wilson (LATMOS, {A)«HtHE%E « A0k

IEZ(K RISH)

TIAL — L) — e —& T TR ORI G OB v 61
FE TS RS - R AC (B R)

EAR & MRR Z FHUWVZJEE BB DO PBIARODARET <+ ovoveerree 64

KR T HEEE(SRK) - 02 (0K RISH)

FRIERZL —4 EAR & A LTS GPM/DPR M HIG5N7-BEMFRE 7 17 74 /L DLk &

U\*ﬁg .................................................................................................... 70
Tengfei Ou- FEEE(HIRR) #6112 (K RISH)

TRIETAH —& CALIOP #8277 — ZfRHTIC LD JRE Hok LS IR AS g BB =77 =/ L OB T 73
BT ERE - 42 HH 2R - RAEBLAE (E T K)

EAR-RASS IZEDHREIRD KR T 07 7 AV OB B T DRFGE - ooeeeeeeeeeeeeee 76
FEV K - 3 FE AP (O R RISH)






MU L —& — « JRIERX L — & — 2 E[EER I FEF]H O BLR

WA - fB 2
(R R AEAFFETIERT)

1. LI

MU b —& —|L 1984 FEDSERE WM B, F T2 REKRKK L —Z —(EAR) S 2005 470> 5 2[FH
(EBHILRFIHICHE L, < OMZEREZARH L TE 7, YYNTR2HFAMHAEZEES
AR L, BEOFES L —F —EAEOFEMZIT > TE 2D, 2012 2 6 HICHERERZH
H LT MU L—F—/FRERR L —4 —2EEFRLEFEF AT ZES 2/ L, 2012 4F 12
ARG GHFEFRIAZ#E— Lz, s ik, £FEFHOBURIZ OV THRET 5,

2. MU L—&—

MU L —# — X PR EREITICALET A HE - BEE kO T EREEHAH VHF &
KL —Z—ThH V| "mE 1~25km OXFclE - FEBJEE. 5 60~90 km O F1[#H & & Y
5 100~500 km O BB GEIK OBHIN A[EETH D, MU L — X — DI KO, 7> 7
FHEFICED T 7o/ EE R (REF475 ) 2@k &icky, 1B
22500 Bl & W) EHCL— X —E—AFRAEEZ DT ENAEETH Y, £z, 25 @Y
TTVvAT T HIZREILTHERTAZELAETHLATH D, 29 LKV AT A
EEtDTZD, KRR L —4—L L TCOREIIHA 4-5 BB TIEH Db DD, BIF% 30 4
Zfki= A bR Tl b EiE R KRR L —F —D—2 & L TR ZFilT T\ b, 2003 4
FEZIE TMU b— & —BlllsE b A7 A ) REASI, L—F—A A= THWe & Ok
Rl B2 BTz, 2016 - RITIT R TFRE RRIFREIHARE)NC LD MU L —& — & EE]
W AT L) ZBATET, EZERNHL=y b, T 7 FTHRF, BLOT 7 FFEET—
TNO—HENER S, ZABRENE E(BE)T 5 AATH D,

FEE MU BLHIFTIE MU L—& — L BRI 2 S & S E R RKBUAIES OB 7 « —L
RELTHIEHEINTEBY ., #2113, MU L—¥ —28lHITX 2V EE 2km LA T O JRGE %
HET D= OIZBA% Sz TExiiE L — % —(LTR) L v AT T+ v 4 K7 a7 7 A
ZLQ-NDIE. [EITORE 33 WFTDBEH VA R a7y A4 7 LTHR~HASL TS,
MU L — & — DR 2 BHT— ROT — X (3R — L —Y ETHERAB ST\, (MU
L — & —7R— L~— http://www.rish.kyoto-u.ac.jp/mu/),

MU L —X—3 RGO T 7T 4T+ 72— AR T LA HFROKIL—F—] £ LT,
2014 4 11 AIZIEEE v A VA h—NIRBE SNz, Ziud, BX - B - 1HH - BELH
DRI R DA T 5 IEEE 73, IEEE OB 1T A R 3 o5 L TRET 5 H T.
ESNDTZOITIL 25 L EICE > THOFR TELSFHME A2 T TE & W ) EENPHSLET
b5,

3. RERRLV—F—

7R1E K% L — & —(Equatorial Atmosphere Radar; EAR)I, J& %k 47MHz, 3 &1 /\K7
TF 560 RO HAEMR S NDELEN 110m OBHIET 77 A 2l A v Rxrv 74k
FIE DA~ b7 BHEEIIALET D0 A~ 7= b & 3002 2000 4R IZ5ER L 72 KR
DRGBUHL —F—Th D, KEEIL, NOERZEETY 22—V BNETCDONKT T FD
B FEADNTZT 7T 47 72— A R-T LA R E &> TEY FREEH T 100 kW,
T T e RERTEA 30 ELUNOFEH TABICRE L, FESNVABIIEZXDLZ &
MNTE | FRERICHEINTWD KRR L —F —0F Tt g mEiE 4% > T 5, EAR I
A ¥ RR T HZEFHT(LAPAN) & O/ HEEDO S & TEE STV, 2001 £ 7 A

_1_



5EE E CREMEGEIN 2 H T TE 72, EARBHT — X O 10 55 P EIZ A — L_—Y T
BRI E TV D, (EAR 78— L~3— 7 http://www.rish.kyoto-u.ac.jp/ear/),

EAR DO5SERN D 15 JEFZFL& LT, 2016 4-8 H 4 HIZY v+ #1/V 4 Sari Pan Pacific "7
JAZBWT, EFEIGEIT E A R U THZEFHIT(LAPAN)OIEIZ LV | JRIERK L —
A —15 JFUETAATENMT Oz, A ¥ R T KT KiSH =0, 14 RRro TS -
Bl « E4%0E 4 (RISTEKDIK TI) Muhammad Dimyati AFFEBARMIEE . mE KT My 3
HE - BIRE DR R,

EAR X MU L — & —|CH_TEEH N 1710 TH Y, PREESCERHRE O IS B A21T 9
WITREENRE L TWD, 2 ZET Y o WL 1 HORTH D720, ZEMEkD A A —
CUTBRIINTE WY BREEETYH MU L—X—IC4->T\0W5, FERKKTERAELZ
KEBEN EHF ML, EERKOER 2 2L S5 170 &, RROWE « EHB) O fif i
LY —@EDDHH, MU L—F—LRIEO/KE - ez a3 5 [REMUL—F—
(EMU)| OFraxZMRER L TW5D, Z0OEMU Z FERIEDO —> & 42 KAZEE K
B HLER RS G e OAFFE ELR A 2L | (UK B HE) 2 B AR FINSEO~ A X —7F 2014
WCHRE L., 27 o E SRR O —> & L TEIRENTZ, AFFEEHE L. & 5130
BB Oo— R~ v 72014 1I2BWT, 1 HFEOFHRIREDO —DI0BE STV 5,

4. XFEFHOBE L BIEE TOHE

MU L—&—%, 7 VTR RBFEORTBRARR L —Z—Th Y | HE 2 km Oxfi
G, @ 400 km O &g IRK(EE - EBEEE) IS 2 KOS, KEIGER 2 8L
%o 1984 D5 LK, EEHFERAICH S, BEEYEHY, [59%, R, EX.
T T, FHDES R CIRE R I b5 %< OFEE EF 0D, MLIZZNETOD
HFRIF R OHER 2 RE R L — 2 — LR O ER & & biord, £72, K 2 1T
MU b —& —OBLAIREH OHER 27777, 2015 FEITIE, F v o _X—(EHEHBUIAERE S L
T, BIHICPTERA B R R D VN ERFEA T4 v A FOBE 2, RUICEEERED
MEBERRR L —F —%y U — 7 [AREEIH ) 2 550 L7z, BT — % 0 5 HEERIRIC
SWTEBIIZE HIZ, TDOMOBRNICHOW T 1 EE2 Rl LT — % % [EFERT — 2~
—ZHFEFIH o—&gE L THERRAICE LTV S,

= MURHAITHA = MUR%HA = MUR&ZEAR(E M) RTHE m MUR&EAR(E )% HA
= MURKEAR(EFE) BTHE m MURKEAR(EFF) % HE m EAR(E M) ATHE = EAR(E )% HA
EAR(EFE) A HA = EAR(EIFR){% BB
120
100 =
B
‘ | B

60 -

40

20 II
N W N OO
CcO CO 00 0O 00 O
A & & A
= = e e e

2014 |—
2015

o
1984  p—

2013 |




B ASEEESN = TEHEZEESE = R8N mFel - 8N

2500

2000

1500

1000

500 11

3 855852885 ¢

L= — 2= [E [EER 3L R F O BLRIRF ] O 415 O HER

1995
1996
997
1998j
000 |
2001i
2005:
2007f
2009
2010
2011
2012
2013
2014
2015

2
[=)]
—

1991
1992 -

T
o
foa)
[=)]
—

1984 ==
1985 |
1986

) o~

%%%
2. MU

—J. EAR %, AWFZEFT O EmE LS & U< ENSOMIEE & OLFEFZEIC L -
THEFEOREEHEET D LWV ) REREEEZH S TS, FRFICA > KRR T7 B X OVE
HEICBITAFEREORSE LT, #HE - I T —0-00fABEESNS, EAR 1T
2005 FEFE D b 2 EERR L EFH 2 Bi4E L=, EAR OIEFRIHIZOWTIL, BlIA LW DOiEim
MBLLTO L ) 7 MEEAT T 23T TE 72, (1) EAR OILFEFRIHIL, gk B3N EIALET D
ZEMBMREIC TaE] TEES) BNER-TFEELZEDZ L, () TEE ®Hticoun
T, Y4y 2 MR, MAEZFERIE LTHARKLA & RRU T BIZRE L TR L, AR
19 FEJE D S AR A 70 R EE R FER AR & L CGEE 325 2 & 3) EERIAIXZMTA R L
L. W6 OFIHEZE OBERIIERNHM+ 6 Z L% Th D, £/, EAR KFFIHIZIT
EAR ZEFERHAT 2 H DD, EAR VA b ~OEROFHALEIR, T72b bR E L
TORAbEEND, EBEOBIIERICOWTIL, EAR OFMEEZEE L, EZ W< SO0
DI N—=T T TCATVa— T 55 ER->TW5, ETROFTHBIZBWT,
EAR £ TORE(HARANFIEFIZOWTIIHARDNG, A2 RRT T AFFEEIZOWTIEA ~
N7 ENRE)Z B LT\ 5,

MU L —Z— K OfRERA L —F =k > TH LT —# 1L, IUGONET Ve =7 h

BEERKEEEES O Exy b U — 2780 - A58 (http://www.iugonet.org/)(Z L -
T, AXT—H « T—HR=ZAREfE I, F2MTY 7 b7 =7 UDAS (2 XV fifHICX
7y hTEXHRELHEEIN TS, MU L—F— - REKKQL—F—DFT —HX—2R
OFEFEMENFRD DAL, AEFEIIFTATIE 2016 4 3 HIZ ICSU(E SR F20) 0 WDS(HE SR
T —H AT L) Regular Member [ZFBE 472, MU L—F — R UORIERK L —F —0D4
EEEREFEAZ N E CIERICHERE L TETBY, 5% MU L—4%— - RERKKR L —
A= G OEEL—F—% v N =2 KD RN gt o L iS5,



EAR-RERL—F —&AIICEDLV:
BAAYASILEE TOEHAESNIZES
S FEHIZET HIHE

SEER(KRESEEKRE)
B0i% 2 (FREKZERISH)
THEE(BEXE)
L5 K22 (JAMSTEC)

« BRINSIWEETIE, RO BRHATRAEMT 5.
CORIGTRABMRRIT, AR ETREL-FHANLHIC
HIRRL AT LDREISEDHEERZTS,
ARERTIE EAR-REL—F — REHICL SRS
T—2ZERAVT. BRARMSIUEHTOFHNERIZHS

BB OVTHRET S,

R T—%

KototabangD it EFRE

EAR . N [RFTT—4
FBAKL—5 —(EAR) RETTTS ER KA : e m
- fRATHARS: 2001~20154F El-Nino 2l — o i i'_.:" i
- R P, B2 12km : mf g N b
B | = - = it
X-band[RL—4— ) :: 011 i - o i
Rain radar - fRATEAR: 2004~20115 El-Nino ﬁ””‘] 4 2008 - -l 300
~\— - BEmORERIARE S n! g : S s
- #4260 km - 2007 T ey
H: 2005 4 L o 150
2im i b EEE . =B i
Precipitatio - FRATHARS: 2001~ 20154 El-Nino ¥ i Bom | 2
'R )
- 6 8 10 12
' - Month
: i e ) U-wind (m/s) 7
-{ J-| S0km '“:f" at2 km
Rain gauge ¥
X-band rain radar
KTTM30-60 B B S )
=5
s B o T
— ' | | - = =
g N o T
< b = e | - |
. i g - 400 3
- ':'.;.'r{=:.é.r1;}'u.:._'1l..{}:} a,.}’s’..’é({ué._’:.’:’ & . | 00
. RAERat850hPa I ] 200 £
B EEE T | r 150 s =
o 'h “ | I s | e 100
< 2003 - ;
z 4 ] _ D | B > :
% ] * 2001 I m = ;
- i 1" 4 F 8 fo 12 = 1
: ':l.'..}'-;'\i.'r';{-'i-}'f..'..'i‘:]'J-;’J.-'el'-'-i-;c;_ £ 8000 O TiERH = =
Month 2 3000 @ ERHY = = !
] KT = O
2 4 6 8 10 12 —  EEH
Month




Local time(hour)

Rain(mm)
il

Local time(hour)

180

-80 L} 80

TEFEH ISV phase (deg.)

0 -120

12 —
2001~2015% | : 'ﬁ P
4 UAMED |E |88 |ISVREES
S 3 i 2001~20154 D+ KK E
w-FE 2 ° os
PREERE |< 2 8 amrzas oo
F LR ] € aso
T ™ _ 4
E mE e g
£ 180
o o mm
o a L) 12 18 L] 24
Local time(hour) s |:w
; L . x
g ol 3 LE
g IE 5 3
£ . EE £ ”
< . A ‘ B3 MERZWAL) 3 *
‘ﬂ a L] i 12 18 18 21 24 b 20
E - mE 3
= m /_\\ -0 -120 -8 0 00 120 180
e ISV-phase (deg.) —
S ey ¢
2001~2015F D& E6-10kmTD
SRERES RS DISVEE
Zue rmE | BECImTORERERAS
gos E i o
Enamenf] Ao
£ " T s THTTLT AT
o« -180  -120 -80 o L] 120 180 L -umn =130 -80 o a0 120 10

i ')

1.3
12
1.1

Local time(hour)

80 1m0

ISV phase (deg.)

185

s 8o

a0
ISV phase(deg.)

- 14:00UT"

2004~ 20114F D XbandERIL —4 — R 4138 E

>25dBZ(FTI—)iE >40dBZ(3Ta—)HE

300 km” A E D Fe A % 30 km’ U EDFEE %
100 100
— w0 w
5 oo 0o
2 0 )
T L] 0
-E 0 =0
s 40 40
g kg »n
= 20 20
10 11

=180 =130 80 L] a0 120 180 =120 80 L] a0 120 180
TiESH | ISVphase(deg) |ESA) | | FiESH ISV phase(des) |EEM

>25dBZ(3Ta—)i

300 km MU LDFRER BE6-10kmTOIREAREEKS

Wl s
sesen
omEBD

~180  -120

iG]

105y

s88sE83888

120 80 & &0 180
ISV phase (deg.)

FERM ERM

120 -8 o o0

FERY *




|20084F3-4 BISVARUE | S ‘20084%‘-3 4RISVAAVE |
(o™ T} ¥ ¥ E :
I |
, ”| q w
: 1Y f' Lf
wanm | - [ Ewm |2l T rmssn rExM | - | mwm
2 £ b =
— | o 7
s MyCS MBCS =
_ 3 —_ I
=
o
P L ey - s
Ap A . 2 Bt S e e o
£ EST T I N T E—
— = 20 —
21 1 1" 21 1
—— —— Ap —— e re——
______ = e Manth SoaE A = = it

HIRE#

AR — LR R AT LOHIREE EBETREREDM R
a
2: AR AT L 2: AR AT L
T
2
9 P A e T e e
g 3 g 3 whm m{; 5 whm
s I . L AWRASAT L ¥ 4 1 L AWRASAT L
£ 1 1 2 ? ?5
g 2 - 2 . %3 2 .
é z 2 TS ?_: s TS
-180 -120 -60 [} 80 120 180 20 km i ' 20 km
ISV-phase (dee) [ | o makiBAS AT A 0: RIS 25 L
GERABE A B DR 9 00 2 CRFARAL DA DN
=12 -8 —4 o 4 B 12
EE2kmD EFEE (m/s)

FEOH

o ISEBORET—42M 5. Kototabang TDEKE
BNELEL. EHEIL. EHAEL. BELE
HERART=,

 ZHNEHOREFRE - FRIICHTEHRRF
OBELHEERL.

. EHRNEHOFEFRBFTHIIIBEAKERI G LTz
SREZEB LD, TORFIZIIFEKEHE—IH
SEN-ELI S A SN E LB S A BT,

o EHAEHIHES AYFRD R T LD EFGERHE A
TEZEOBEFZRERSAICLT,




2= b J BERERERIZBIT 5 Pre YMC2015 ¥R ¥ L~ — L BIHIOEE

O E— - BHREC - KL (eI R HAE)
gaARE+ (LA k%) - Noer Hayati (BMKG) - Fadli Syamsudin (BPPT)

1. FU®HIT

B 70 Y7 MEREZEER{EA (YMC : Years of the Maritime Continent) (2559 5 /34 & v
MFgE L LT, HRABEEOMBFEEN (F) BDEREINDEA > R T « A< N7 BRMERFEICBNT,
ﬁ%w(Mm&M)&ﬁﬁbt@ﬁﬂﬁ%?/«*/ﬁumYMmm5%%%Lt 2T, [
B D 5 B 7 vl BRI 30T 28I IRTH 3 L O8RS ROMEIZ OV T+ 2.

2. Nyyw@Lﬁw®%%
OBLIH

2015411 H 09 H~12 A 25 H (47 HH)

25, HBHUV MR15-04 [FIHEHI
2015 4E 11 H 24 H~12 A 17 H (24 ATE)

QB A

N7 kR EEREIEL, BMKG (f ¥ RA T RRREHERDELT) o 7 v Z22igilEnr (A)
BLEL O Mess Pemda L — % —8lHS (B) 24707 (K1) BHV, &~ FreOBMEMI 7.

C IVF TR (A)

Vaisala RS92-SGPD %{E#$ L O TOTEX TA-200 /3 /b— 2 % vy, B 2AZ@E T CT1H 8

[ (3 W) B2 £, BB, @mER 20km £ TORE, KR, W, Jam, EEZ Gl
cEFAY UFEH (A)

AR EDERICEY BB BRI F ORKRFICE 18 BIO T A U F HHERL, K

EFORMECT AEGRELZIET 5 LIS, ALWVWIEHFE L —F —I2Y > 7 B8R & FhE.
X v FEREKRL—%— (MPR) @il (B)

Furuno MPR (WR-2100) (12X Y 11 A 23 H~12 A 25 H D], #HIEEE 50km (28T 6 45 E kR

DAY 2—LAF v (231014) % Ei.

*BMKG C XY R Ry 75— L —Z2—FIERH (A)

BHPLEEE 120km, B IOV 240km D 2 E— RIZC, 10 5HRETHRY 2 —AA % v 250, #AiK
D7, BRI 12 A 11~25 H D .

- HEESAT—v 3> (A, B)

Vaisala MAWS201 (2°C, XU, MEE, JEm, EUE, FoKE, BHEEZ 156EICFH.

T AARBA—% (A)

OTT-Parsivel2, Thies-LPM, XU METEK-MRR2 Zi&%i& L, MRS T % 1 45F 3.

3. B EOBE ()

TIUFY UoTBRARER (K2) 12k L, BRBHE2S 12 A 10 HE TOK 1 # AR T
HWIEREEER 2R E, E28IEsEA B L T, MERATIIE R L E N Em L, L —F —#
() 1 XAUZF %S BEOMICILER Z .08 LTERE 25 HEMZ LN sl LTz
—J7, 12 A 11 HLAREIIHIER) O SR 10km (BN THROWIERAA Y, KA IX ek S i
W, XU VCET DA (BFEWR) 1370< 780, & U TERBICIEN DN FE EORBKNFLE 2D




KERBACEBT-. 5%I1TMJIO 72 8 KBHEEILO A~ F I BER T = A XL OGRS, ZH\WT UF
VUTRIINE DR, B —X =BT -2 O AE A5 Z kY, km-ﬁﬁﬁﬁﬁﬁﬁ
HEBUIZA~ N7 BINESERO A 1 =X MMEIICET 5 & 362, YMC ABH (2017-2019 4F) |
VF T2 AFFERIE I DWW TG L 2 O 5 TETH 5.
HIEE

AR VEE BN BTV (BR) Za— vt —v vy T o _ay 7 Ak (GODD), A v
R o 7 HAfaEm S T (BPPT), K[RKEHEET (BMKG), ~R» 7 VRS, <27 WINBUT,
RHONT TH BV [FHIBENCER )W =720 2 MR15-04 A B O & I L £9.

A(zrgga 3

1500

X H1ooa
3 Elaoo
400

300

| Hzoo

| Haoo

_5_ - T Lo 5 M -
: ﬂﬁggm

101 102 103 95 100 105 110 115 120
K1 ~r7vkEEgRSEER O AR, £ IEKRK). J5RkKO (A) BMKG (3> 7 pZeik

WA, (B) MPR 1% MessPemda L — & —8lE A& 277, £, BRRNOMITEK L L —F—
BN E2 77T (MPR : 4% 50km, BMKG : 4% 120km, Mirai : 225 100km) .

20 — . Ec;r;ul ‘:ﬂ-"l’hd See — . { -1j

13

[aae

n

TINGY  1ENGY 21NOV 2BNOY 1DEC GOEC  11DEC 16DEC Z1DEC  Z6DEC
C

Height (k)
[ ]

G e s ry B -| 1l =y v 1
11NDV 16NDV 21NDV Z2BMCY  1DEC BDEC  11D0EC 1EDEC 21DEC  ZBDEC
2 ~e ok EBRRICET ST U4 Y o7 BIRER (B R EGE, T A RAR ) .



2015F 12 B I2ak 2/ \> TERISN 1=
RENZEBEOIKESR-E

%

£3KIEF (JAMSTEC-DCOP)

PEPEM, B, 052 FRES, SCERM

1: JAMSTEC, 2: &K, 3: &K

2. 74
bR TOEEIT—%(0.20S,
1. VUTHA(E

© SUFVUTHCFHREANEKERY T +HAY YT (5E)
B RE. [T KES GEREE) AV VRS

100.32E, 201551230 ~14H)

£120[@. 1- 3E/day)

- oY TEET—%(15E)
R.BE.SE.AEREE. AV VRELHAE

2. SAF—(H#K)
#% 78R EL L (30m., 205 REIRR)

3. FERRL—F—(GFEHK. LAPAN)
$RTELTR (150m . 1B5FERERR)

3. BIER BEDRE

D (45 )

- YRS BERREFBANER (FUELEROEE)
- 1ZIFEB. BKHY

10 km~
*HERE
I5E

HREFREEBEICALNLIEELY

1. EBEKESEB~DFE
(— B BB A~RAT KA DI KDIEN)
2. HBHFRI~DOF S

H#
e e

EEHBFEREOKEILEHEL 0T IHE
ISEBLTHEITES o

/}l lﬂﬁx_%\ﬁ

"—4 (Pre-YMCEARI D2/ N &8I R =)

3. RiTfER BEOHESHEEHKRYUT)

- HA%HRE (RHI >100%) LB BORAEBEEHG
. BREET (15~175 km) DBOEE: L RA+AHIVEEEX
- EEHAE(10~15 km) DEE: LRAEEDLEVEESY




L ABOTREEEME: LR

) B
E@i

- BREMEOEE: # LRRELLES

g a
e

il - -Fill
] |

— SE15- 165 kmlZEH

3. FEMTHER

BEDRES

- 15 km&Y EETIK BEDEEME
NREVN(RILTEEIZELD)

EHXDAIETIE RERXLR
(#91- 2 K/4 hours)

- BEELICIEZEZDHEK
(BZEE. KBS

L BEEx B
| 9R:12/7 22UTC (RBAIFAT) - 12/7 18UTC (RK)
|- #:12/1122UTC-12/1117UTC

g

x
F oA 14
Mir

B i ' ik 491t :
3 4 5 ® LA ] 0 "
DECEMBER

- BENRRSERICE. FEAE LRRNEE
- LRRHBHOTH. BESEVEMTEHY

BEDNS KB R ETLAL:

BXHRREAELY
BOFRES 7—h5&L
KEBEBADIEN

FEH
EEOLRERDTEBAMICHERLE

Pre-YMCERRIEARI R 020154128 L],
- MRBEREETICEENFEL. LEREANTHESEX
- BEHRLEEZTBORICERHER

SHOBRE
- BEZDOEREHE (BAN, KBE)

- BEOERERBEICHTS. REREEEREITD
VT ERMIFRE (D KD BT — 55

© KRB PERHE B TEHNBEH (M, 8
EL:




BREAFROIENRKILIBEERE~HNRBERBES (FROER)

HIrpoR2E - SREPE - KILFERR GREFEATZEDH JEMAE) - Bengkulu BLHIBE™ - 72 & WVELHIBES

1. [FLoIZ(ER

DNFERSE A D ANER I (B AR EE) KW (Kato, 1966) 725 ONIAAEFJe A= D FR3E I (Matsuno, 1966) O F 5
B8 D T BE AL 2N FRE L7z, KU 13 B R T D HIER b~ B HAINECimfil S o 2Bk AR & 4
HOWENTHY, 0 HJEH A TR B OE B L7025, HIEKIE B SR AME e EEN LT DD TH S
INEN IR - BHEICELL, ZIUCEDE A M EER I OEBR DS KL B A— 0 D — 72 5 ONT H T8 KRG B
Ths. —J7, 1 AU THSMBAO TR FRE Ik & AL i 2 S OIZ I Hadley TR, ZRiEIKCHEF
(BN SR RIS SRPE i RPEE ORINZIT Walker TEBRAVAEL, ZRSOMERITFEROEE THRDOEN
. A EWH E TR TIIERD 58\ K 215 DMl 572207, Z DO IEAR RO B2 R AMI LD
D20 A JEHIT, WEEREIZRIEL T2 o A B IEREEIGER THY, 20 LE2F 2 13 H6T 20
FEMOBINC L > THBZL CTE7= (121X Hashiguchi et al., 1995, 1996; Murata et al., 2002; Wu et al., 2003;
Mori et al., 2004; Sakurai et al., 2005; Yamanaka, 2016) .

W KA G & LT JRE I C o B R B RS R O 5L L, i COEFRBDE A—0 (DKRER 3% S
D5 REEKPERO) FE B O BLBUCH Y T 5 AL O THD. FRER CIHESKETFRELIAE 202, B
BB T Db L2/ THY, fEo TR AR I3 A (BEEEIZL TR 300 km DA IZEEHL
(Ogino et al., 2016) , F7=Z 551 THE /AR e R 22t RBEIR AN HIEK |- D Fe 2 WIkiZ 725 (Yamanaka, 2016) .

A & SRR ER 1L, B O BT (3 RITAERE/2 O CRIRFZE - WM ) B s o (T s L cn
B 0127225 8978) EAETHS BIZIE/NA,1997 D 6 3; /NE, 1978 D T HEAESIR) . ZOXH7R AR
(322 7 B8 TR 2 S DT8R UK R O —#8C, KRG L G AR E) 12k B FEIIC
22O (SREXTEDE (BL) ETHD. Zb L@ (HME) B3I, JREE O —FE7 2355 BB R *
X —S3 BB O Kelvin 4 (cf. #28F, 1970) N2 CIEIJWEE | LRSI LT D 26055 Kelvin 1%
Xt B N 2 B S A R ETN A B (BB ZE ], MIO %5) OFRE LB O Hilli sy Cdhb, pl)E BB YE 2 424 8) (QBO) H
JEVE F5i6 TP BUIR A9 23, EH LB D /NS (1) )3 E U CIERPE T 5 2 3 k2 72 5 s
T OO WIRESI (M E IR OE R TER 7 1 T A E P £ C TR L Cioisd; Tanaka and Yamanaka,
1985), ZDEH72 W (%) F O E DO FhEEIRE L Thxt il i T o (M EL T A JE R R E SR 2 4 L)
H S INEGRENEFE I TA E THD.

ZZTI, 2015 4R 11~12 BIZASIT BRI FEEEOIMTIThi GPS Vo 7 Bl B THE % )
DIEFTHERIERE, RETOLABROT a7 7 AF7BIHEZRET 5.

2. Pre-YMC #8]

W R ZETRILAE (YMC; 2017~19) IZ9ESTh, A~ 7 55 P+ Bengkulu 38 KO O P A 50 km DR
Wi b GREEHBERIF ST/ A2 H00N) T 2015 4 11~12 A2 Pre-YMC &L C, &4t (Doppler, Multi-parameter) L —4"
—, GPS V> 7 &k WP B A TS S A7 (B 1; A&fth, 2015, 2016) . #5212 A 13 HEIZIE MIO F[E

FAE— - B - BORR - RIS 7 - H. Bellenger (ELEENFZCBHZEHEAE) - EEM— - JF EAS (BERFHR) S F
Syamsudin, R. Sulistyowati, S. Lestari (BPPT); Agus (BMKG-Bengkulu Z=#kHI{5FT).
PBREC - BKEE - SEARBHE (VENFIEBH 7 HEAE) LR E R4 B AR



WD BRI HIRER O A | (R OB E O A HANL) 238 -7- (BEHA, 2016) (B 2 &/). LLIFTixz
D TS |HT5 1N OWT, WHL S O mE 3 I GPS Vo T R BN - TE IR 0 EReZ <.

Pre-YMC observations in Nov-Dec¢ 2015 =

®  Official homepage of YMC (hiy 2017 - July 2018)
Idfyme;

®  Japancsc tcam page. T

http:/fwnww jamstee.go.Jo/yme/index.htm|

®  Pre-¥YMC observations in Bengkulu (Nov-Dec 2015} 303
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3. HERMBN

FB T — 22O T EHFE 1000 2 GRE R EA 5 km) ZBEIC ROy S5V VAT 12571072 (cf. Ogino
etal., 1995) (B 3~5). (a)xi¥iil&l i M@ o, h ZFFMIL Tb) - BBl fizb >R (BT
BERDPEOFERE), ZHHI0EE I C) B mAT T I BN DB & O\ Kelvin (G AR EITXE )T
7228 BV JRGHH L I Z B of. Shimizu & Tsuda, 1997), (d) N A Bl O S HIZ R £ OE M )3 (7 F R
W) DR STz, BRI TS VNI () DA EZ2 > CTHHBIL, BB A IS BR ORI S 7 A TE R L 7=
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4. SHEREARIMIVER

FBU O (B O FRMRRERE) 7 — 2D AR BART VAR L, S B 2 VT EL K
AT AT HAL LT (cf. Yamanaka et al., 1996) (B 6). ZOBUITII BB K FEE TLAERISN TR
WOT, BRJEENTORMZEZRT B/ A X ~OPrH i 230 £ TIPS HE TORWA, i EBHIO&
PR —3 FANTEEO P REEES N CEEAIZZOSNT-H O (cf. Tsuda et al., 1986) £ 1~2 Hi k&< (IEIE
3~10 %), e b (R B THIRIZERECH D23, iR3IqfE ERDSHIT 1 HfREERE .
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6. BHLYIZ(BE)

H A ORNRESCHERNAEBL, # F4ER & 3,000 mm LL_E2AEF 551825 300 km LA (Ogino et
al., 2016) TiZ, bk ~ T B oo N8R | O HBILIIE Th 5. ZOXO722BLHINFZEIE, Bl B K
R[RTPMEBCBEE S & o R ERKUBEEE) TRIA EICKRESEBRT 2LMEEL T0D.

FOFEL N TE )05 | BFSE VR ] & Ao i RE e KL — & — LIS ZH T D, Bengkulu (4°S) 13 A~ T
P R CME—/ NS 72 <, AU MERRD B O BRARR) 7 A B HIBLIA B 59 YMC BUIHI S E S 7203, JRiE
O EAR IFHEN X NEEEE TIE A LIZLV. HARIMAU (FY2005~9) 7% & WPRs (Yamanaka et al., 2008) C,
BMKG 73 kfeiE fl 0 Manado % F#< 2 % (Pontianak, Biak) D#%5%% LAPAN &k L7-\ A3, SATREPS CA[H
BE LoD B ARA— =3 E CERWIENR DD, 4b B ARG FE G R 787 1 BLR Z YR ERFS0 R R i
% SATREPS T{&18) @ Serpong WPR Difi ] (522 MCCOE #LilliF9 > BPPT-BBTMC (IH UPTHB) & 1#i%)
R0, BUHIRRE (O R LB RI R TR 1 ABE A (24T HARIMAU-WPRs & EE X L) 252005 5.
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* lonospheric threat model defines possible ranges of variation in
ionospheric delay, ionospheric threat model, must be defined to
design safe systems using GNSS.

lonospheric threat model

* |ICAO is developing technical standards for Category-lIl GBAS
based on the following ionospheric threat model where
ionospheric gradient is approximated by a linear front.

Parameter Range of values
Maxlono gelay | S%P° Width (w) 25-200 km
Front Speed Denth (D 0-80
D e g epth (D) -80 m
Front speed (v) 0-1500 m/s
Neminal lono Slope (g) depending on v

Threat model adopted for GAST-D
(CAT-I1l GBAS)

[GBAS CAT-11/1l
SARPsS, ICAO, 2011]

Upper bound on
gradient slope (g)

500 mm/km
100 mm/km

Front speed (v)
Baseline

v <750 m/s
750 < v < 1500 m/s

FBIOEIMUL —¥— « FEARL—F -2 YRITL, Fih, 20165978-98
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* Basic equations

Precise ionospheric gradient estimation
Single-Frequency Carrier-Based and Code-Aided technique
(SF-CBCA)

or =

Code (pseudo-range) pT’ =

P +b— BY — 617 + 0T + AN? + €
P+ b— BP + 017 4 6TP + €h

Carrier-phase

P 4 pP
lono-free combination L” = —
PP = P 4P
Geometry-free SD sp 5; D Y R
single ?;fl;n;rencas = bsp — 0I5, + ANEp + €4 sp (6T, ~0)
TP — P P
Lsp = Lsp—7sp

A e op e
= bop+ JNGp + 2,50t €,5D

<>

% bsp €
g 1 —I A ®,5D
[ £SD ] — [ 1 0 AI:| dsp | + |: €p.Sp + €p.5D :|
sp Nsp 2

* Solve for bsp, dlsp, and Nsp by Kalman Filtering.
FIOEMUL —¥— - FERRL—F—Y VRYTL, TR, 20165978-90

5

E/Ri Ground-based augmentation system (GBAS)

and the ionosphere

satellite

|

lonospheric delay = 40.3 TEC/f?
= 16cm/TECU
at GPS LI (1.57542GHz)

lonospheric
delay (TEC)

8pg=pg-Pg0
Puo=pu—dpu

89u¢829 8py broadcas:

- position error %& ( (( %&

* GBAS provides guidance for airplane precision approach and landing.

* Spatial gradient in ionospheric delay (equivalently TEC) can be an
error source.

* Technical standards are defined by ICAO (International Civil Aviation
Organization)

reference stations

EI0EIMUL —¥— - FRERKRL —F—2 ViKY I L, Fih, 2016F9H8-9H
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ENRI Observations in Southeast Asia
s

Short-baseline TEC gradient measurement
in Bangkok

|t 12 km
e M KMITL
Stamford _ { = e

International = |
University i gipa.

. Suvarnabhumi

Airport .
(AEROTHAI)

Short-baseline TEC gradient measurement at EAR

Kototabang

9 km

Bukittinggi

%  Characterizing TEC gradient
- EARssite (baseline 9km) and Bangkok (baseline |2km)
*  Plasma bubble monitoring by EARg gy | — 57— . sritiksL—5—3 v koL, $55, 201659H8-98

4

Y.
ENR
& 2

* Ambiguity resolution by LAMBDA and modification to bsp and dlsp.

SF-CBCA

Ambiguity resolution and validation

[bsD, fioat, 015D, float, NsD, float) = [bsD. fizs 01D, fizs NDD, fia)

* Validation of solutions by using cyclic sum J
Isp,ij

"

°
i \I olspjk
Olsp ki o
k

| T80y 5T ST

- - Questionable
Validated solutions solutions

BIOEMUL —¥— - FRERTL—F—2 ViRY T4, TR, 20165988-9H
s



E-N/RI Gradient vector estimation E/RI Analysis of data obtained in Bangkok

North * Observations around Bangkok international (Svarnabhumi)
Airport, Thailand

R2 * Two weeks data in September-October 201 |

. - September 18,20,21,22,23,24,25

“(di2x, dizy) - October 1,2,3,4,5,6,7

* September-October is a plasma bubble active season in the

0hy | _ | dize dizy VI,
613 diz,  dizy Vi, VI

. VI, VI region TEC gradient
VI ] _ [ dize i, oIy . East % All days i tic quiet period T angiok
VI, digy disy Slis Rl ays in geomagnetic quiet perio = o
- |Dst|< 50nT e me | am
- Stamford =2 (R
0y = Vig|dl 3 - MaxKp =4+ mosty <2 m:v':r:::"d[ .
0Ly = Vig|dsl (disc dis) BT e ia“:;:t“g"'"
e R p SRS (D)
e /\‘-;. L=l
BIEMUL—5— - TEARL —F—YYHID L, Fi&, 2016598895 FI0EMUL—5— - TEARL —F—Y Y RID L, Fi&, 201659H8-95
e e

ENRI Example

m
=
=

Nominal ionosphere
- Gradient vector

(
(

STFD-VTBS pair (baseline 11.7km), 18 September 2016

88
. KMIT base 20 September 2011
0.4
8% @
-
FE 02
e _0.:61 B B x
Ve TH. E
e (0.8 £
29 6 £
Q =
ac 10 T T T T T T T T 3 0
“ : : N
8 & | Float solution _ :
eg 05 d . =
R ; H
5 00 g N-S component is
-0.5 sermeerheee s Sy dominant
—=1.0 - Quiet daytime "~~~ *Disturbed nighttime ; to morning | _an consistent with large-
-15 i i 0 i i 0 i i scale gradient
6 8 10 12 14 16 18 20 22 24 T £ [ £ ) associated with EIA
*lonospheric delay at L1: Im = GPST (= LT - 7 hours) Eastward gradient (mmfkm)
6.25TECU or 0.16m = ITECU
FIOEMUL —¥— - FEAKL—F—YVRITL, Fih, 20165978-98 BIOEMUL —¥— - FERRL—F—Y YRI VL, Fih, 20165978-98
o 10

)

YR

Anomalous ionosphere ENR

m
=
=

Nominal ionosphere

| e - Gradient vector 7 =g - Ovig Summary
2H)
0 I I I I Il =
18/9/2011 245 091 214 311 132 140
= 100 "
§ i 20/9/2011 5.46 167 103 194 246
E »
2 21/9/2011 181 097 072 2.41 129 119
o0 =W 22/9/2011 487 1.08 096 5.40 144 138
5
5w 23/9/2011 334 135 2.00 408 247 234
E
¥ T S o 24/9/2011 2.29 1.04 0.96 2.95 144 126
“For example only (taken on differént day
-l at diflerent location) 25/9/2011 165 124 145 214 170 184
‘W component is
T w10 % 0 % W6 B0 3 aminant * N-S component is dominant.
Exstarard gradient k) consistent with the
plasma bubble stucutre * The largest Ovig was 5.91 mm/km.
stretching in N-S
FIOEMUL —¥— « FEARL —5—2VIKI T4, Fif, 2016F9F8-9H EI0EIMUL —¥— - FRERKL—F—Y ViKY I L, Fih, 2016F9F8-9H
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EN/RI Maximum gradient summary E-N/RI Comparison with Ishigaki results

STFD-KMIT pair (baseline 12 km) A »
- Elevatio Slant 3lsp (R1-R3, 1.37km), 3 April 2008 *
dugre degre 800
W | zo11/09/18 | 117.4289 29 2840 10738 16:48 pm 710mm/1.37km -
2011/09/20 | 9.2667 05 1543 39.99 14:49 pm 600 = W
w | 201/09721 | seeas1 6 5159 4890 14:08 pm ~ 400 (at|12:50:37.5) | }
* | 201/09/22 | 825978 05 3643 7359 13110 pm E | olshigaki
& | 200j09/23 | 109.6078 2 5653 14934 15:04 pm ‘E 200 (z:f',’.:‘: 1242,
W [ 2011/09/24 | 1029773 2 42.45 131.66 13:15 pm o Py T .!' 2 19.6° Mag. Lat)
o | 2011/09/25 | 949202 29 5578 147,03 14:59 pm E I bl
s | 2011/10/01 | 1082316 23 48396 -132.08 14:57 pm @ -200 :
| 2001/10/02 | 107.1058 2 5412 14715 13:20pm 400
| 2011/10/03 | 82.4109 15 7336 78.96 13:53 pm )
2011/10/04 | 11.0068 03 2620 7151 13:26 pm -600
Y | 2011/10/05 86,5508 21 39.87 11630 14:41 pm 09 GPISI Time (= LT -I93hr) 15
| 2011/10/06 | 843785 29 5431 147,66 13:04 pm * Maximum gradient tends to be smaller in Bangkok than in Ishigaki.
o | 201/10/07 | 145.4409 2 3113 11892 14:10 pm - Relative geometry of EIA crest, plasma bubble, and observer
Yr: Disturbed days FI0EMUL —5— - FEAGL—F—Y VRIL, T4, 201659H8-9H may play a role. & ommuL—s—- FEARL—F—Y VRI DL, Fil, 20165988-9H
13 14

/_\-
EN/F“ lonospheric gradient evaluation in Asia-

Pacific Region

* At ICAO (International Civil Aviation Organization) Asia-Pacific
region, regional assessment of ionospheric delay graidient is going
on.

- Volunteers from India, South Korea, Indonesia, Singapore,
Thailand and Japan are working by sharing data and analysis
efforts.

- Preliminary results show

- maximum: 518mm/km at Ishigaki
- slant gradient tend to be larger around EIA crest region
than around magnetic equator.

- Results of Ishigaki and Bangkok are the part of this activity

FI0EMUL —¥— - REAKL—F -2 ViRI I L, Fih, 20165988-98
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The 10" symposium of MU radar and Equatorial Atmosphere Radar
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Optical and radio observations of
post-midnight irregularities
~at magnetically low-latitudes
Tam Dao (#1), Yuichi Otsuka (1), Kazuo Shiokawa (1),

Michi Nishioka (2). Mamoru Yamamoto (3), Suhaila M Buhari (4), Mardina Abduliah(4)

1. I5EE. Nox

lapan. 2, NICT. Tokyo, Japan

3 RISH.

4 \ Malaysia

Objectives

Contribute to understand the mechanism of post-midnight
FAl's generation, we investigate the relationship of neutral
winds and temperature to the post-midnight FAls .

A case study of post-midnight FAIs on July 9, 2010 is
carried out using optical and radio observations such
as plasma bubbles, themospheric neutral winds and
temperature, and the altitude of ionospheric F region
at Kototabang and in Southeast Asia.

Data Analysis

Infroduction

= Plasma bubbles and irregularities appear in the equatorial
and low-latfitude ionosphere. They can affect the satellite

communications.

Post-sunset plasma bubbles are well-known to be caused
by the Rayleigh-Taylor instability (RTl) at post-sunset time,
especially in equinoxes and high solar activity.

However, post-midnight irregularities (FAls) which observed

recently and occurred frequently around June solstice

during solar minimum has not been fully understood yet.

Observations

The Equatorial Atmosphere Radar (EAR)

“Chiang Mai

lonosondes

frer—
=
All-sky Fabry-Perot
airglow Interferometer
imager

FAls observed with the EAR at Kototabang (KTB)

Jule, 2000

Doppler velocity

Signal ta naise ratio
3-m FAIs were observed with
the EAR at mid-might.

Negative Doppler velocity
indicated that FAl moved up in
the generation phase.

a1 9 9 00 9108 0 0 4 e
Speciral width

B

S Y 010 o e 0 S e
Lo<al Time [hr.]

Large spectral width indicated
that those FAIs are strong
active.




FAls observed with the EAR

e
23:300LT 2320 LT 23538 LT g
I3 BT LT oo on LT oo:zoLT | "
00 ann 200
00 00 -
0044 LT 00 ;56 LT 01:08LT
200 00 a00 200
20 00 500 200

Longitituds [deg)

Fresh FAl observed within the field-of-view of the EAR occurred ~ 23:10 LT

Rate of TEC index (ROTI) from GPS receivers

23:10:00 LT 07/09/2010 TESthin]

)0 03 94 96 OB 1001021041061 081 101171 141 1615
=2 i i i N ! i - {‘i =
5 = =
0 = o~
S - i
e
Z= -
6 N
O < IS
0w
= i
= R i H =
90 92 94 96 SE 1001021041061 081101121141 1611K12

Long. [deg.]

ROTI map at 23:10 LT may show the ROTI enhancement reached KTB.

630-nm airglow images

2-D images of 630-nm airglow intensity were obtained every 5.5 min. The
intensity depletions in the image are corresponding to plasma bubbles.

630 nm 22:57:31 LT Jul.9,2010

90

95

100 105 110 115

Rate of TEC index (ROTI) from GPS receivers

2050 LT

Longltude

Latitudinal variation of ROTI on July 9, 2010

Geographic Lattude (deg.)

630-nm airglow images

The poleward boundary of 630-nm airglow depletion is estimated.




Poleward of airglow depletion

S
e
o

FAls

et | Poleward of
H : 630nm airglow
"T-z depletion.
3 :
@ -3t .
H . Plasma bubble
4} v extended rapidly

from 22:30 LT

A T TR T Y T
Local Time o] 0,00

Discussions

Discussion (2)

Equatorward wind — F-layer uplift — plasma bubbles extend — FAls

Mo w H = » W e W W W% e
Lot Tima )

= Equatorward wind may increase growth rate of plasma bubble.

F-layer altitude, thermospheric neutral wind,
and temperature

- win Our data indicate
B e O that Midnight Temper
o ature Maximum
L C (MTM) could exist at
i oty the north of KTB
g s (equatorial region)
4 &
‘.Z“ F layer uplifted at KTB
i and CMU, buf not at
iy CPN
e L

I
Lassal T (hosat).
22:30 LT Not reliable data !

Discussion (1)

- = Dip Laiae dcg ™
soof (@)
= aobFlsm . Midnight
£ Temperature
e iffed
R
2 suggested
200
Magnetic
0 _aEAR i
[] $ 10 5o
Goographic Latitude [deg.|
MM d by the idional wind c: could be

related to the occurrence of FAIs

Discussion (3)

Growth rate of Rayleigh-Taylor Instability (y)

(G

| The F-layer in Chumphon is not uplifted — no E existed |

=

F layer uplifted at KTB and CMU — Vin decreased — g/Vin
increased — increase growth rate of plasma bubble




Conclusion (1)

Our observations on the night of July 9, 2010 are summarized as
follows:

Post-midnight FAls in this event collocated with plasma bubble.
The plasma bubble extended faster when the F-layer at KTB
and CMU uplifted and equatorward thermospheric wind
enhanced at KTB, then 3-m FAIls was observed.

Equatorward gradient of thermospheric temperature was
observed at KTB.

Conclusions

Conclusion (2)

We speculate that:

Thank you very much
for your attention!

1. Post-midnight FAIs was associated with plasma bubble that
grew during nighttime.

2. F-layer ascend at low-latitudes could increase the growth rate
of R-T instability due to the decrease of g/v;,, resulting in growth
of plasma bubble.

3. Convergence of the neutral wind could be related to MTM.




Equinoctial asymmetry in the east-
west distribution of scintillation

occurrence and latitudinal variation of

zonal scintillation drift and neutral

wind

Prayitno Abadi®?, Yuichi Otsuka?, Kazuo Shiokawa?,
and Clara Y. Yatini?

linstitute for Space-Earth Environmental Research (ISEE), Nagoya University, Japan
2Space Science Center, Indonesian National Institute of Aeronautics and Space

(LAPAN)

E-mail: p-abadi@isee.nagoya-u.ac.jp

Latitudinal shear of plasma drift and

neutral wind

Latitudinal variation of

¢ Zonal scintillation drift can be
assumed for plasma drift motion

* Latitudinal profile of zonal

latitudinal shear of neutral wind
F-region dynamo nighttime

V- J=7V-[Z,(E+UxB)]

E=—(UxB)

scintillation drift

V= B

U = neutral wind
V = plasma drift

s
scintillation drift can be implied for - X
»(Cuiaba)
(cp)
Bl BN
g 3
ExB:—(UxB)xB:U % i
Bz | Cuisba
Y s CP
field vhos 2000 o

E = polarization electric
B = magnetic field

(Kelley, 1989)

]
Local Time (n)

(Kil et al., 2002)

 Three single-
frequency GPS

receivers
E 127m W
15& f15m e
z
5 o
- The E-W :

distribution of
Scintillation
occurrence

- Measuring zonal
scintillation drift
at 300 km altitude
(Otsuka et al.,
2006)

->March and Sep
from 2003 to 2015;
19-24 LT

Contents

The E-W distribution of
Scintillation occurrence
(2011-2015)

equa‘{or

Pontianak P————————
(PTK) Comparing ?bsevrvatlon
1 ] results of latitudinal
Ko:.i:o'taba.ﬁ'g. G A ! variation of zonal
s (KTB)™._| scintillation drift and
[ A | neutral wind with
Bandung | model:
10 | (BDG) 4
We examine plasma
A5 - 4 x 5 drift and zonal neutral
o Lot ‘fi "jm ne. 1w wind data calculated
ong. (deg) from GAIA model

Observation of zonal wind velocity by

CHAMP satellite

* In-situ measurement at ~400 km altitude

* March and September from 2001 to 2005;
19 -24 LT

Tilt of Plasma Bubble and Scintillation

The East-West distribution of scintillation = due to tilted structure of plasma bubble
The westward tilt of plasma bubble =» due to latitudinal/altitudinal shear of plasma drift

LOS is parallal LOS is pointed

1o westwall of the bubble 1o go across the bubbidg
A
g

300

upward

2600 /.

w
\ 260
\
\

\ 20
In west \

E
direction,', 220 8
higher SS_ M e te0
occurrence ==--S
(%)
01 . (I

Abadi et al. (2014]

Equinoctial asymmetry in the ionosphere

Equinoctial Asymmetry in
the scintillation drift

Three GPS receivers in Kototabang
Indonesia

A research question

The difference of tilted structure
of plasma bubble at March and
September equinox?

" [ Purpose
To investigate the equinoctial
asymmetry

(1) East-west distribution of
scintillation occurrence

(2) latitudinal variation of zonal
scintillation drift (plasma
motion) and neutral wind

| Plasma drift in March >inSep |
- Wind velocity in March >in Sep -

(Otsuka et al., 2006)

East-west distribution of scintillation (1)

Scintillation distribution observed from
KOTOTABANG (KTB) Station

- South sky of KTB station
- Westward direction > eastward direction in
March equinox

March «September
~
e x




East-west distribution of scintillation (2)

Scintillation distribution observed from
PONTIANAK (PTK) Station

- South sky of PTK station
- Westward direction > eastward direction in
March equinox

March + September

East-west distribution of scintillation (4)

March September
Wequinox equinox

E W E
| «—West ‘ !lst—) @ies: East —»|

Receiver point Receiver point

Equinoctial asymmetry in the
east-west distribution of
scintillation occurrence

1

In March equinox, higher
occurrence in the westward
direction than in eastward
direction

altitude

Plasma bubble could be
more tilted westward in
March equinox thanin
September equinox

Latitudinal variation of plasma drift
from GAIA model

at altitude of 300 km

- September

o4

East-west distribution of scintillation (3)

Scintillation distribution observed from
BANDUNG (BDG) Station

- North sky of BDG station
- Westward direction > eastward direction in
March equinox

March + September

Latitudinal Variation for
Zonal Scintillation Drift and Neutral Wind
Zonal scintillation drift Zonal neutral wind from CHAMP
. - 3
e 1 o These results support
i d MAR § 4| Lo { . our idea that
3 130 gt % ] A
£ B g ¥
i, 5 B i e s e il plasma bubble is more
T i- agmankg B0 ['_': ”:‘l;‘." tilted westward in
. e el e S ) R | March equinox than
o gy & - = |=| w= == thatin September
oy i) Bl Wind X
F ~10mys 1 20 mys  eauinox
il —f e sep il 3
é 40 130 st 2 I --.--I‘}. == o
g g | 1 |
5. AN 3 i sep
2 B . u
s ’3: P RE ===} Thsnl
Dy zm-:m a

Latitudinal variation of neutral wind
from GAIA model

-~ September

B [ m\\l

207

» l_\] | .‘.‘f, = 3

/'.

at altitude of 300 km
. —

L

o ] B gLt

/




Lat. Gradient of drift velocity vs. F10.7

Can GAIA model reproduce the
equinoctial asymmetry?

For Latitudinal variation of plasma drift

Lat. Variation of drift velocity

F10.7 > 168

F10.7 > 168

Mag. Lat deg)

red > March
black - September

s tward e wlocity (mis)

Using data with F10.7 > 150

Summary

Using GPS receivers, closely spaced-receivers, and in-situ

measurement of CHAMP satellite

(1) We found that the E-W distribution of scintillation occurrence is

different between March and September equinox.

In March equinox, scintillation occurrence is higher in westward
directions than that in eastward directions. In September
equinox, the difference of scintillation occurrence at both
directions is not discernable.

(2) We found that the latitudinal gradient of both zonal scintillation
drift and neutral wind in March equinox is more steeper than that
in September equinox. This finding imply that plasma bubble is
more tilted westward in March equinox than that in September
equinox.

(3) Hence, we suggested our finding on the equinoctial asymmetry in
westward tilt of plasma bubble, and also in the latitudinal variation
of both zonal scintillation drift and neutral wind.

The equinoctial asymmetry of plasma drift and zonal wind is not

reproduced by GAIA model.

Lat. Grad. {misiteg)

Can GAIA model reproduce the
equinoctial asymmetry?

For Latitudinal variation of neutral wind

Lat. Gradient of wind velocitv vs. F10.7 Lat. Variation of neutral wind velocity

»

| o
F10.7 > 168 L
- By
=" F10.7>168 }
2 f
5o H
r 1
3 el grad. -3.88
red > March i
black - September a0}
™ e o - w0, ™ pre Py

dady FIOT sastward wind velseity (mis)

Using data with F10.7 > 150

Thank You




B TS XTNTIyIalb—vave
b - FEERE & O

L wEEO, @ EsE O G 8z D, Claudia Stolle?
) (SR BIEMREE, ©GFZ Potzdam, Germany

MEEH

HEEE D 77 X<k, TOEEHB PR L DERIZL > Tl XX TWE 72D, FfEk
K[EBHMERKOMBEERZMEIAT 2 Z L IXEHEOY SR Z MRS 2 LTHEEICEETDH 5,
TRESEHE I B W T, FEAT LY RF/ T XN TN EEENSEBROMELE K 2 o1F
b TWB, T ZXINTIVILES R 77 A BEO R FHAIRE D FE U - 5HEI12iE, &
BOHRIE, MAHORMREE) (Vv FL—ray) BEU LD, GPSEIZ & 58 FHEICEL
REEERIFTZENRONTED, ZTOEMBENE L BEDH 2« ZLDEIH R < kKD ST W
5, BROFE LGNS, 77 X /NT)VIXEREE F % NI 51 5 Rayleigh-Taylor N2 E D
JRNTH 5 & FRIN, BEAAEEO2REWEIZBE IT2HMEY IaLb—Ya itk h, REE
DIERFEEEDN T T AN TNVERD ERIFNTH 5 Z L DRI N7z, 2000 FAEHE AR 72
5. 3RIETDTIARNTINYIab—ya vl iotzmn, 75 X NTIVNEORE
BORBUZ DO WTIIELS FEm I NT IR o7z, KRR TIX. 7I X~ T )% IEFIZ &\ 220
DREECHB TE2ET N ERZIZEFK L, I AINTNVOIEMEREREZHSMITEZ
CIZHII U 7z (Yokoyama et al., 2014, 2015), AFTiE, #EO LV —X—BHllro/( o7 I X
< N T IV DERIEE (e.g., Tsunoda, 2015), 75 AN TIVHEOEBFBEEASHAREGED AR 27 h
)V (e.g., Singh and Szuszczewicz, 1984), 7'F A= N7 IV NI D ZE) (e.g., Stolle et al., 2006)
WZOWTRRNT 5,

MRFE

EAF 2 UTNOH(EFHR) & ON(F AR 0 2 filfiz 525, &1 4V L BEFOMkEOA, &
FAER, BREFEORIIUTFTTEZ SN,

ON; -
En + V- (N; V) =5, (1)
V(N;kgT
J
v-J=V. |:€ (ZNin’_NeVe>:| =0 (3)

MRREZHRLE T 5 XA R—)VEER%Z AW, BARE ETHEE 88-1270km, ##E G HIZ 420
FE, RGN 34 OIS AR LUz, 7T AN TIVOBEH TIIBEABNIEEICAR L 72
5720, TOEELANRZHIKZ ) Yy NIRTHET 2720121F, HEORWEIEA X — LPBET
HB, KRR THAEL ZBUEE TV T, KEHAMDZY) v REEZK 0.5km & U, BiRAF—
DT, 223 3RS 2D CIP %2 W -, BB 5 IAIZIE 267km D2 E) 2 A THIZ 5
Z. ZIDSDT I AINTIVOFEEBEIZOWTHEZEM L 7=,



R ESRDERE

112, ALTAIR L — X =l 57672 7T XN 7 )T D RERIREGE O 2 Rtk & |
Valb—YavhrofBoNiE T IAINTNVOETLEEN G ERT, FE NIV Edio7
BE km A7 — )L OHEE (upwelling) P TRIZALZE L7220 ZRINR T 5 X7V DR
(secondary plumes) 2L LU TWARHMAR S HHINT WS, Z OGRS ITEKRT 25 2
L2k - T, EARBIHI% TIX. RTI(range-time-intensity) 71 v ~ ECREHE & iz EAITMHT S
£ 57 plume Hi&E & U TSNS,

Equotoriol Plone: T = 3600 s

800 24 JULY 1979 1035 UT
1557 oo oK 7Y =
Er A

700 secondary ;;' ) r ¥

600 —

Altituda [km]

500 |-

ALTITUDE - km

200 « upwelling — |

unstructured east wall
100 —

102
| | | ] ] |

0
-300 -200 -100 O 100 200 300 400 500
MAGNETIC EAST DISTANCE FROM ALTAIR — km

200
Zonal Distance [km]

X 1: (ZK)ALTAIR L — X —#lHl» 58 5Nz 75 XN TIVIHE S REAIEE O 2 ot
(Tsunoda, 2015), (FAM) ¥ I alb—YarvnoGoniz 77 AT VOB FEED .,

B 212, WEOHEEBNZTIZUE TS XTIV NE O P 51 O R ARG D /8T — 2~
I MVOREE ., K1IZRU7Z T T A NT VR HRIDOIEINT — AT MV ERT, HE 1km
UEDAT—NIZHENWT, AR MVOMEZ IFBAFER L IEWVEZ ISP R 60D, 1km B
TDRAT =)z DWTIk, D HEEE S SIZ BT 0ERHED0, GPSY Y FL—Yaviid
T EDBRAT—IVOABARGE Z EEFHTE 508N D 5,

X312, Swarm 2Bl I aL—varvEhThh o B o N EFERE L HGEE 3 o

R, WHEENX, B NZEE» SEERSGETVESWZEEZRLTWS, MAIRE
X AT REERIZ T T X N T IOE S TSR BB S ., ZORFICB W T RS A
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LEO satellite beacon and GRBR

® VHF(150MHz)/UHF(400MHz) beacon signals from LEO satellite
are used for ionospheric TEC measurement for long time.

® GRBR (GNU Radio Beacon Receiver) was developed with GNU
Radio and USRP-1 board at cost of 2000-3000 USD/system.

® Network of about 30 GRBRs already exist over Japan, southeast
Asia, Pacific, etc., and used for studies.

400-1000 km height

Satellite 1 pass duration = 10-15min

Raidowave ~
Shortest
path

Receiver on the ground

TBEx and COSMIC-2 projects

Srolectiiame m“
requency

383 MHz GPS-RO satellite, but
Egzm%s_zm-w 6 oa° 400 MHz  has beacon TX.
(USA Taiwan) 965 MHz 383 MHz modulated

! 2200 MHz Others are CW.
3U CUBESAT with

TBEx . 150 MHz o con TX only.
(USA) 2 A AUyl Decided launch with

1067 MHz

COSCMIC-2.
Satellites for 150/400MHz beacon are getting old.
C/NOFS stopped.
There are three new satellite launches planned in 2015-2017.
Especially F7/C2 and TBEx will fly in the low-latitude region.
We will study the low-latitude ionospheric disturbance by the
new satellite-ground beacon experiment.
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F3/C and C/NOFS used for beacon experiment

FORMOSAT-3/COSMIC
2D tomography over Japan

C/NOFS
GRBR network in SE-Asia & Pacific

[ Fly within
+/- 13 deg.

TBEXx: Tandem Beacon Experiment
by SRI International

* Funded by NASA: Low-Cost Access to Space (LCAS)
Program

* Two CubeSats: Identical tri-frequency (150, 400,
1067 MHz) radio beacons

* To be launched in tandem into near-identical (~28
deg inclination) orbits (Piggyback with COSMIC-211)

* TBEx objective: Capture space-time description of
equatorial plasma bubbles (EPBs)

* Overall science question: Does causal relationship
exist between tropospheric weather, large-scale
wave structure (LSWS), and EPBs?



T
TBEx: 3U CUBESAT
beacon antenna design

GROUND PLANE
"= &~  RADIALS (4)

VHF/UHF

VHE/UHF DIPOLE
DIPOLE
ANTENNA
ANTENNA \ J
T ANTENNA

Relationship between plasma bubble and weather

Ogawa et al, Earth Planets Space, Vol. 61, pp. 397-10, 2009

Corratsnen Butwase TOO and 54 March | - Agwil 30, 2000
@ W W CRC

* Correlation between

* Daily variation of
nighttime GPS S4
index at the EAR site
(Indonesia)

* Daily variation of Tbb
as cloud-top
temperature

* Maximum
correlation was ~0.4.
Enhanced region is
shifted west of S4
measurement
location.

TBEx and COSMIC-2 beacon signals

Froleetiame MM“
requency

383 MHz

RORMOCAR . 400 MHz 383 MHz modulated
COSMIC-2 6 24
(USA Taiwan) 965 MHz Others are CW.
! 2200 MHz
150 MHz . N
'{55/)_(\ ) 2 28.5° 400 MHz Decided launch with
1067 MHz

* We develop a new GRBR system that covers 150/400/965/
1067MHz signals for new satellites.

* Antenna design ... Dr. Mayumi Matsunaga (Ehime U.)

« Digital receiver development ... Yamamoto + lwata (RISH)

Causal Link: Convective Activity to EPBs?

* Input, Stage 1: Outgoing
longwave radiation (OLR) can
be used to map distribution of
convectively active regions
Output, Stage 1 (or Input, Stage
2): Large-scale wave structure
(LSWS) can be measured as
TEC variations using TBEx &
cluster of ground receivers
Output, Stage 2: Equatorial
plasma bubbles (EPBs) can be
measured with ground-based
radar & F7/C2 in situ sensors

: . Partitioning link into two stages
| Camvestive Activity near Dip Equator (OLR mepsl allows clear evaluation of roles
L= Tropaspheric Woather . .

played by contributing sources

and processes

ALTITUDE

Envisioned Coordinated Measurements for e TBEx

« LSWS from TEC variations
from TBEXx (bottom panel)

« EPBs from PAR-50 and
COSMIC-2 in situ data
(center panel)

« Convective activity from
OLR maps (not shown here)

« Partitioning of scintillation
regions with TBEx and
F7/C2 beacons

« Joint PAR-50 and ALTAIR
measurements, if possible
(field campaigns)

TBEx + COSMIC-2 launch vehicle: Falcon Heavy
Scheduled in August 2016 > September 2017 ??

Recent Falcon-9 problems

gt 4
"]

R

Another failure in September 2016



Development of new GRBR Development of new GRBR

Antenna part by Prof. Matsunaga at Ehime Univ. SDR part by Kyoto Univ. + Hsing Wu Univ.
CONCEPT Software: Keep using GNU Radio (Open SDR toolkit, very popular)
S Hardware: Now evaluating three different SDR boards shown below.
. « 150MHz, 400MHz, &
o 965MHz and USRP B200 (left) and B210 (right) from Ettus.
. - 1067MHz Right-Hand Cost: highest, F-tune: wide-band, most accurate
,,;;,mm [% e wd ~ V] . g ) RX + TX, USB3.0, Sync: 10MHz
L G NPy Circular polarization : https://www.ettus.com/

® Slngle feed (One port) Blade RF x40 (left) and up/down converter XB-
200 (right) from Nuand.

Cost: middle, F-tune: wide-band, coarse tuning

ABack Cavity for High Gain ™\, |_#Circularl Patch Antenna with a feed port

* Maximum size:

RX + TX, USB3.0, Sync:38.4MHz
Semm 150MHz, 400mm x 400mm https://www.nuand.com/
and-p:ss filter 400MHz| e Getti ng h |gh antenna
i Airspy
COST: lowest, F-tune: narrower, coarse tuning

RX only, USB2.0, Sync: 10MHz
http://airspy.com/

965MHz, gain with cavity back

USRP/Airspy mixed synchronization TBEx.”COSMIC-2& 23T LT DKRE

Test of 150/400MHz signal on desk &
COSMIC-2 ]
sampleRate = 2.5MHz 6 Satellites A;ﬁ c f i
i . . ommunication
System configuration i v & Navigation
= L- Band _TBEx Assets
1508Hz SampleRate = 2.5MH: S-Band / 2 Satellites
, BandPassFilter —— " / 700 X 300 km @28°
<8 VHF
ExternalClock / UHF
™ i 10MHz
generator

AD0MHZ SampleRate = 2.5MH:
BandPassFilter

=
i

Linux PC L-Band lonospheric
F Layer
GPS Navigation for

|«
Air Traffic Control

Windows PC J Ground network of
use SampleRate = 2.5MHz | Disturbance GRBR and radar(s)

lonospheric
eTBEXx orbit & frequency diversity enhances awareness
of impending RF disturbances
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Real-time GPS-TEC 3D tomography

Problems against the real-time system -

*Number of stations is reduced to 200 “
Original tomography analysis was using data from all
GEONET stations (1200 locations). But for the real- ..
time system we can use data from only 200 stations
that comes from limitation of the ENRI-GSI contract.
= Need to obtain stable result from 200 data.

+Calculation speed—up

o . . Distributi f 200 GPS
Original 3D tomography analysis took about 30 minutes sz&:;m;e 1s data
of calculation by MATLAB. are available.

=» Calculation speed-up is necessary. (Aimed period/latency is 15min)

+Estimation of absolute TEC
Estimation of absolute TEC is necessary before the tomography, in the original
analysis, it was determined by other system.
=>» Absolute TEC estimation is necessary included in the real-time system.

Based on Ma and Maruyama (2003)

Estimation of biases vim

Assumption
-lonosphere is a thin sphere at certain height.
-Biases do not change for 24 hours.

L.r_l secyj 0

t
X t X bex Measured relative
Coefficient matrix TEG with bias
Unknown vector
(Vertical TEC + Satellite bias + Receiver bias)

Maxtix size: about 50000 x 3000
Ratio of non-zero elements < 0.1%

Ionosphere.

TEC,

=Large sparse matrix LSE solver
Improved over 10min = less than 1s

39 areas of 2deg X 2deg grid

Contents

. GEONET

“GNSS Earth Observation Network
System” by GSI (Geospatial
Information Authority of Japan)
Every 30s data are available from
1200+ locations
Realtime 1s data are now available
from most locations, but with costs
o Three dimensional (3D) Tomography
analysis with constrained least- [ 3
squares method -
Technique, and results from model/real | | T | mas
data G

o Realtime 3D tomography service

1200+ GEONET sites

System description and achievements
We started the service since April 2016

Realtime tomography analysis system

u BINEX data flow from GEONET to data server at ENRI ‘
Acquisition of BINEX data from data server
Obtain relative GPS-TEC and satellite ephemeris information (every 30 s)

b 4 ¥ ¥

2D TEC mapping analysis
absolute TEC and fluctuation

(removal of trend by 3¢

order polynomial curve)

¥ ¥

2D ablsoute TEC mapping

Satellite and receiver
bias estimation by using
latest 24-hour data
(every 1 hour)

3D tomography analysis
from absolute TEC
(every 15 minutes)

- - Computer system
3D ionospheric

2D TEC fluctuation mapping tomography result 08:Cent0S 7
(every 30s, (every 15 minutes, CPU:Int.el Core i7, 8 cores
latency < 1minute) latency < 10minutes) Memory: 16GB

Distribution of absolute TEC (with < 1 min latency)
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Standard deviation
of TEC at each grid

Daily variation of absolute TEC

Typical TEC variation

Morning ("0:00 UT) => Noon ("6:00 UT) Low latitude TEC is high. Area of high TEC moves westward.
Noon (6:00 UT ) = Night ("12:00 UT) TEC decreases from north-side.

Night (12:00 UT ") = Morning ("18:00 UT) TEC gradually decreases, and flattened.

Standard deviation of of TEC at 2deg X 2deg cell is within several TEC units.




3D tomography with GPS-TEC Constrained least-squares method

»Use the TEC data along the ray path from GPS satellite to GPS receiver » Constrain matrix
’%(; GPS satelllte -@,‘} Wx=0 Wx = Z Z G J (x, - x daytime
N » GPS-TEC observation matrix = 00|
- - = Constrain parameter E s
/ AX=b — X - e
\ P L 1 Strong constrain g 7
\4 . T 80~ 150 km; 800 km~ 0
Q‘Q ™ GPS-TEC value Weak constrain 10 nighttime
(N N 150 ~ 800 km I R T T
‘%’lv"‘* onosphere Electron density in each grid Blectron densty teisiem®) 10

Length of path in each grid Least- square term Hype1 parameter Constrain term

» Limitation of the GPS observation: lack of horizontal observation path » Cost function: [ J(x)= Hb AXH + ZHW‘H ﬁ/
» The proposed method combines least-square fit and constrain conditions.

Area & grid of 3D GPS tomography Example result of constrained least-
squares fitting

5" degrees resolution

20,000 km i s ety s 03, 1
=) 5,000 km resolution o
o
5,000 km i
|:> 3,000 km resolution i
2,000 km T ™
=) 100 km resolution ; ;
900 km |
:> 50 km resolution b
600 km =
£=) 20 km resolution ™
—=4 80 km O 0
N et st ey
5 2° degrees resolution Hyper parameter A
LOHgitude 165 We conduct many fitting runs by changing hyper parameter, and select
appropriate results from them. This selection scheme is the key!
1.21e12, . E .
Selecti f i 10 f Selection of
election ot constrain parameter s :
$oo | hyper parameter A
w1 0.4 |
a4 NeQuick model density 02| \_ /
R - at20,35, 50N GPS TEC data 23rd May, 2012 at 03:30 UT 0 e o ae s, ( Selest A with minimum RMSE
E 0 . G 12 14 16 18 20 22 24 26
E ¥ . . i - ) - - Hyper Parameter
& 0 G g ' Relationship between A and RMSE
4
e W sl e 11— ——
i i WP g RN L on W Constraint : |
Dn E;mm dansity |°M|‘-FI Iﬂ.!, b - E B /componem II |
g 1 248 :Least-square |' |
w Lat20° N . B 3 ; componentl |
o ~ L3’ N B - ED.-!- Il_. | L-curve method *** Select A
| . 2 | | where least-squares component
B o N Lat 50° N | o2 j,"l | and constraint component balance.
) . =
g Constrain parameter | T w W w w o m °Y6 1z 17 16 18 20 2z = 2
sca || - . | Hyper Parameter
\ from above density |
| Based on Gopi Seemala et al (2014) Relationship between A and normalized least—
e L I R squares and constraint components
Constrain Parameter



Result of 3D tomography from the real GPS-TEC data
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Variation of analysis by boundary condition
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We started real—-time service in April 2016
http://www.enri.go.jp/cnspub/tomo3/
Example of today (June 27, 2016)
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NS-Height
136E LON
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Comparison to GPS occultation with COSMIC

7:00:00(UT) 2012/05/23 23:30:00(UT) 2012/05/23

Wil param=12.78] Result param=19.41
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3 Tomography
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e 18
Electron Density [el/m31] le12 Electron Density [el/m31 lell

Tomography results well resemble to COSMIC occultation density profile.
Tomography cannot resolve Sporadic—E layer that is found from COSMIC occultation.

Comparison to ionosonde F2 peak density
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Tomography results well resemble F2-peak density from ionosondes at Kokubunji, Yamagawa, and
Okinawa. Differences are large at Wakkanai, but this is edge of the analysis region
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1 FREERERVER

PLET & 0 (K#0E AN TH2(LEOS: Low Earth Orbit Satellites)’»H O B — 2 {5 5%
2 ECT2ET 25 2 & T, BB O2E T4 (TEC: Total Electron Content) 73
EINTWD, ZOEHE TEC #TI12 X - T, EHEE ORELE ODﬁbFEﬁ ZHBERTHZ &R
B S Tno, 2T E— a3 A5 5 OEEIIREE A BHEE OB D8 2 % ) TR
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Hilf#l >~ 7 hTd % GNURadio THIHAIHEZ: SDR 1% HEELMLAH Y . 4L USRP
B210/B200. BladeRF x40, Airspy R2 @ 3 fliLh st L7z, 2B, BHED VAT A
Tl USRP OIHAAZHNWTWS, 4% SDR QKT = —=2 FMHEREIZ OV THRET L
72o 7272 LA EIDOFRFK TIX USRP & Airspy DA EH 9,

USRP & Airspy (& 150MHz /400MHz D152 AL, ZNENTDT T v TiL
FEE R DT,

USRP 150MHz/400MHz phase diff. in deg. .
df = 0.000929 Hz Airspy 150MHZM400MHE phase diff, in deg

000 187 df = -3.573018 Hz
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