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Geosynchronous orbit

 Indonesia has owned Palapa series satellites since the mid 1970s,
for almost 4 decades
« All Palapa satellites were/are located at geosynchronous orbit
« Geosynchronous orbit is an attractive place to park satellites
« stable orbit — save fuel
« fixed geographical coverage
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PALAPA-C

- PALAPA-C Coverage
launched in 1996



Geosynchronous orbit

 Indonesia has owned Palapa series satellites since the mid 1970s,
for almost 4 decades
« All Palapa satellites were/are located at geosynchronous orbit
« Geosynchronous orbit is an attractive place to park satellites
« stable orbit — save fuel
« fixed geographical coverage
 space weather risk: spacecraft charging, noise, etc.
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Space weather effect: Spacecraft charging




The Plasma Sheet of the Earth
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Geosynchronous orbit = 6.6 plagma sheet poses spacecraft charging risk to satellites at
Rg . geosynchronous and low-altitude polar orbits:

Lunar orbit = 60 Rg * plasma sheet plasma is relatively hot

* the satellites would be be in the dark (Earth’s shadow)
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Remember:
darkness is worse
than sunlight!



spacecraft charging in the darkness vs. sunlight
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Solar-Cycle Dependence of the
Charglng Env1r0nment
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The high-speed streams of the declining phase bring the most-severe hazards.



energetic electrons and ions can penetrate and damage the
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Instruments on board
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Space weather risks at geosynchronous orbit

Missions Terminated
Due to the Space Environment

Cause of Failure

(‘) B-?D' S'ubjm OM lbch ;
SED -Sbg « i
dedmlmgo Ref: Koons. et al., SMC-TR-00-10 (2000}

Most Missions Terminated are due to Surface Electrostatic Discharge

* many geosynchronous satellites have terminated/died
« most were due to spacecraft charging




Charging occurs after Te exceed some threshold
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Spacecraft charging on Bastille Day, 2000
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Researching geosynchronous
orbit environment

Bad news: spacecraft charging risk
Good news:
* lots of data at geosychronous orbit
* researching geosynchronous orbit environment does not
have to be expensive
3 events:
« 1997 April 11 13:00 - 17:00 UT
e 1997 Jul 118:00-21:00 UT
e 1996 May 12 21:00 — 24:00 UT
CDAWERB: http://cdaweb.gsfc.nasa.gov/
Select: OMNI, GOES, and LANL data

Remember: if you know what you are doing, it is not research!
18



http://cdaweb.gsfc.nasa.gov/
http://cdaweb.gsfc.nasa.gov/

NASA CDAweb

1.
http://cdaweb.gsf

c.nasa.gov/istp_p

ublic/
2. Select

the
satellites:
OMNI,
GOES,
LANL

GODDARD SPACE FLIGHT CENTER
Space Physics Data Facility

+ Goddard Home SEARLR

+ Visit NASA.gov

+ SPDF HOME + DATA & ORBITS + MODELS at CCMC + SCIENCE ENABLED + AND MORE

CDAWeb
+ CDAWEB HOME
+ FEEDBACK
+ ABOUT CDAWEB

CDAWeb Mirror Site
+ RAL/UK

Guides and Tutorials
+ CDAWeb help
+ Internet browser help

CDAWeb Plus Java Interface
+ CDAWeb Plus

Additional Services

+ Alternative Data Access
Methods

+ Web Service Access to
CDAWeb

+ HTTP & Anonymous FTP
access to public CDAWeb
database

+ Autoplot.org (non-NASA)
interface to public CDAWeb
database

+ Data Format Translations

Additional Resources

+ Usage Statistics

+ GIFWALK Data and Orbit
plots

+ Space Physics Use of CDF

+ Data Inventory Graph

+ Home Pages for ISTP
Investigations

it e

Coordinated Data Analysis Web (CDAWeb)

Public data from current space physics missions

NEW

August 27, 2012:

A new ACE Solar Wind lon Composition Spectrometer (SWICS) 1 day resolution dataset has been added
(AC_H4_SWI) to the system and includes the following solar wind ion products. He+2 bulk speed, Charge
States (C+6/C+5, O+7/0+6 Carbon, Oxygen, Fe), Composition (He/O, C/O, N/O, Ne/O, Mg/O, Si/O, S/O,
Fe/O). The N/O and S/O composition data are not present in the 1-hour or 2-hour SWICS datasets. More
information.

NEW
August 20, 2012:
A new version of the 92-sec Solar Wind Alpha and Proton Anisotropy Analysis (WI_H1_SWE) dataset has

been added to the sytem. This is an improved version of the data and extends the coverage through year
2011.

PRIOR DATA/SOFTWARE UPDATES ...

e AND Select one OR more Instrument
Types
(default = All unless no Sources selected)

¢ Select one OR more Sources
(default = All unless no Instrument
Types selected)

| ACE

~1 Activitv Indices

Tl ADTCAMIC




G9_KO0_MAG
GOES 9 Magnetometer Key Parameters - H. Singer (NOAA SEC)

Available dates: 1995/12/01 00:00:30 - 1998/07/27 23:59:30
(Continuous coverage not guaranteed - check the inventory graph for coverage)

[ Magnetic Field, GSE

™ Magnetic Field (GSM)

™ Magnetic Field, local s/c coord
™ GOES-9 pasition. Geographic
[ GOES-9 position, GEO

[ GOES-9 position, GSE

[ GOES-9 position, GSM
-

[l MGF Instrument Status: (=0K, I=minor problems, 2=major problems, 3=missing data

L9_KO0_MPA

LANL 1989 Magnetospheric Plasma Analyzer Key Parameters - Mike Henderson (LANL)

Available dates: 1993/03/15 00:05:23 - 2008/01/03 18:20:59
(Continuous coverage not guaranteed - check the inventory graph for coverage)

™ Partial density of low energy ions (1-130 eVie)

™ WVelocity, 3 comp. in s/c coord.. of low energy ions (1-130 eV/e)

™ Partial density of high energy ions (.13-45 keV/e)

™ Temperatures, parallel & perp. for high energy ions (.13-45 keV/e)

Proton symmetry axis: polar ang. relative to Earth direction, azim. ang. from north
Ratio Tperp/Tmid for high energy ions, (.13-45 keV/e)

Partial density of electrons {03-45 keV/q)

Temperatures, parallel & perp. for electrons { 03-45 keV/q)

Electron symmetry axis: polar ang. relative to Earth direction azim. ang. from north
Ratio Tperp/Tmid for electrons (.03-45 keV/q)

Spacecraft potential

Background count rate

S/C position, Geographic coordinates (radius lat long)

5/C position, Magnetic coordinates (radius.mlat,mlt)

| A0 0 E@AO0OO0EE OO
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OMNI_HRO_IMIN

OMNI Combined, Definitive, LAU Iminute IMF and Plasma data - J.H. King, N. Papatashvilli ( AdnetSystems, NASA GSFC)

Available dates: 19950100 0000040 - 200 2/08/29 23: 5%:00
[Continuous coverage nof guaraniced - check the inventory graph for coverage)

] OMNI 1D code for IMF source spacecraft (see OMNI documentation link for codes)
[ OMNI 1D code for IF plasma source spacecraft (see OMMNI documentation link for codes)
[ Mumber of fine time scale points in 1MF averages

[Z] Mumber of fine time scale points in plasma averages

[Z! Percent interpolated

] Timeshift seconds)

[l RMS Timeshift (seconds)

] RMS. Phase front normal {n'T)

] Time between ohservations {seconds)

[ Magnitude of ave. field vector (0T (last currently-availahle OMMNI B-field data Aug 10, 2012)
& Bx (nT), GSE

[ By (nT). GSE

! Bz (nT}. GSE

B By (T}, G5M, determined from post-shift GSE components

™ Bz {nT}. GSM, determined from post-shift GEE components

] RMS 8D B scalar {nT)

] RMS 8D field vector (nT)

# Flow Speed (km/s), GSE

) Wx Veloeity (kmis), GSE

[ Wy Velocity (kmis), GEE

) vz Velocity (kmis), GSE

E Froton density (wee) (last currently-available OMNI plasma data Aug 10, 2012)
O Temperature (K}

[Z! Flow pressure (nPa)

O Electric Field (mV/m)

[ Plasma beta

O Alfven mach number

[ 1AL [P Magnetosonic mach number

O X sic (Re), GSE

O ¥ sic (Re), GSE

O Zsic (Re), GSE

[ Bow Shock Mose (Re) location, X, GSE

[ Bow Shock Mose (Re) location, Y, GEE

] Bow Shock Mose (Rel location, 2, GSE

# AE - I-minute AE-index, from WDC Kyoto (95001-12/213)

M AL - 1-minute AL-index. from WD Fowortan {H5AML-12/213)

1 AU - 1-minme AU-index from WDC Eyoto (95/001-12213)

) SYMD - l-minute SYM/D index from WDC Kyoto (95/001-12/213)
# SYM/H - I-minutc SYM/H index.from WDC Eoyoto (95/001-12/213)
[ ASY/D - 1-minute ASY/D index from WDC Kyoto (950001-12/213)
] ASY/H - 1-minute ASY/'H index from WDE Kveto (950001-12/213)
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LG K GOES f Energetic Particle Sensor, Key Parameters < H. Samer (NOAA)
Available Time Range: 199201 2012 (00200 - 194594

L Gt K1 MAG: GC Magnemmeter Key Paumeters - R Zwickl (NOAA SEL)

Avarilabile Time Range: 199271 2712 (0e00-80 < 1994011028 20-59:50)

GT_KD,

S: GOES 7 Enerpetic Farticle Sensor, Key Paameters
Availabile Time Range: 199201 2712 (0e0280 « 199610026 25:57:30]

L GT_Ki_MAG: GOES.T Magneinmeier Key Fammesers - K. Zwick] (NOAA SEL)
Available Time Range: 199201 2012 (00000 - 194960000 1 Ll

UGT KLM i Magneinmeier Calculmed PSD for Hn - B Zwick] {(NOAA SELY

1. Samer (NOWA)

O GE K

Available Time Bange: 1995712701 (kA H]
B GE K MAG: I Farameters - H. Sisger (NOAA SEC)
Avatilable Time Range: 199571 201 (Ne0080 - 2IMEV40K 2 L]

O G KD,
Al

T. Omsager (MLAA SEC)
]

Purameters - M. Simger (NOAL SEC)

201 (MO0 - LSSRADT L ) |

article Sessar, Key Farameters

hie Time Kange: 199

%KD MAG: GOES 9 Map
Availahle Time Range: 199

OG0 KD

¥

Available Time Bange: 1999905721 (kL

) AT i

D)6 K0 MAG: GOES 10 Magnetcaneter Key Farameters - B, Sisger (NOAX SEC)
vailaible Time Range: 199900521 (0000:40 - N6A06/ 22 i

OG0 WAL
vrailaible Time Range: 20070 1L01 (0000:00 - 2008/ 1151 285

U GAHEST LK _EPS: GOES 11 Energetic Particle Sensor, K
Availahle Time Bange: J00G5H028 (M

3%

ST TR

]

OESTL K0 MAG: GOES 11 Magnetometer Key Parameters < H. Singer (NOAA SEC)
M

Availahle Time Range: 006502 (0080 < 260N 1280 2
LG B2 MAG: GOIS-11 High Resoluon Magse iome ter dat;
Availahle Time Bange: J007TH0 101 (0000 < 20088/1.
U GOESIE K : GOES 12
Avaiilabile Time Range: Select dataset for details|
my e 12 Kb MAG: 2 Magnetcmneter Key Parameiers < H. Simger {(NOAA SEC)
Availahle Time Range: S04 (00080 < 2bLIMAEY 2 UL |
DGI2 LY MAG
Available Time Range: J007TA0 111 (00000 - 20408/12/81 2
U ALKD M
Avaiilabile Timse Range: Select dataset for details|
O] AL_Ki_hEA:
Available Time Range:

v
8%

51 2%

4]

lext ditaset for details|

vrailaible Time Range: 199505700 (4 125 - 19980508 0
o L9 KD BMBA: LANL 198% Magneiospheric Flasma Analyzer K
Available Time Range: 19950518 (0828

Ll

TR 18:20:5%)

" (S 10 Emerpetic Particle Sessor, Key Parameters « T, Omsager (MOMA SEC)

GOES-10 Hagh Resolution Magneiometer dita vecsors (af 512 ms. ephem ai 8 sec) - Howard J. Singer (NOAA Space Weather Prediction Center)

v Parameters « T. Unsager (NOAA SEC)

rs (at $12 ms, ephem a 60 sec) - Howard 1, Simper (NOAA Space Weather Frediction Center)

ergetic Farcle Sensor, Key Fammeters - T. Onsager (NOAA SEC)

SOES-12 Hagh Resalutics Magnetomeser data vectors (at 512 ms. ephem at 81k sec) - Howard 1. Singer (NOAN Space Weather Prediction Cesser)
+ LANL 21MkL N‘JE"NC‘{[“MHL' Plasma l\hﬂ.\Tﬂ' Ki"_\']"{rulﬂlwl'i = Mike Henderson (LANL)

LANL 2002 Magnesaspheric Plasma Anaher Key Farnmeners - Mike Henderson (LANL)

LANL 1985046 Magnetospheric Plasma Asalyrer High Resalutson daia - Mike Henderson (LANL)

v Parameters « Mike Henderson (LAKL)

B L9 KO SPa: LANL 1989 Synehroaces Orhit Fanicle Analyzer Key Fammeters - Reiner Priedel (LANL)
Arilaible Time Range: 19920KT 1 00:ZT - 2007/ 10/15 2886 30]

LK BBA: LANL 1950 Magneiospheric Flasma Analyzer Key Fammeters - Mike Henderson (LANL)
vailiible Time Range: 199201 216 (044 - 203/ 1108 220

@ L0_K_SPA: LANL 1990 Synchrosos Orhit Pasticle Analyzes Key Pammeters - Reiner Priecel (LANL)
Available Time Range: 19920811 (0000:52 - 2003/ 11008 TR56:50)

B L1 KD BMBA: LANL 1991 Magneiospheric Flasma Anslyzer Key Fammeters - Mike Henderson (LANL)
Available Time Range: 1998 4027 (L2120 < 200 1E:14:22)

w1 h: LANL 1991 §ynihromces Orhit Panticle Analyzer Key Pammeters - Reiner Priedel (LANL)
Available Time Range: 19920KM HG00-26 < 2044110 15:14:55)

B L4 KO BPA: LANL 1994 Magnetospheric Flasma Andyzer Key Fammeters - Mike Henderson (LANL)
Avrilaible Timse Range: 199690 L1 (00140 - 200800108 02:259%]

C LA4_Kih_SPA: LANL 1992 Synchrosoes Orhit Fasticle Analyzes Key Fasmeters - Reiner Friedel (LAML)
Availahle Time Range: 1990802016 (0000CET < 200°0/10/18 iy

Hix BAFS
Availahle Time Range: 199E042% (00T . 19980300 |

O} LK BBA: LANL 1997 Magnenspheric Mlasma Anslvzer Key Pammeers - Mike Hendersen (LANL)
Avmilable Time Range: 19970714 2300015 < JHBALGS 18:21:15]

) SPA: LANL 1997 Synchrosces Orhit Paticle Analyzer Key Pammeters - Retner Friedel (LANL)

vrailaible Time Range: 199500 U1 041 -

o OANL_BIRO | WIS - O8N Combaned, Definitve, 1AL Tminute [MF and Plasma data < L H. Kmg, N. Papatashvill {AdneiSyssems, NASA GSFC)

Axviiilable Time Bange: 199550 10 (0e00000 - 2060208/ LU}

U OMNILHEOSMIN - OMN] Combaned, Definitive, LAL Sminute [MF and Plasma data - 1 H. King, N. Papaiashvilli {AdneiSystems, NASA GSFC)

Available Time Range: 1995501101 (00000 < 206120829 L}

L OMNID 0 MIRG | BB OMN] Combized. Deanitive. 1AL Hourly IMF, Plasma,
Aviilabile Time Bange: 1965850 101 (00000 < 206020851 160000

(] OMNL_CTBIOTHE_ MERGED_MAG FLASMA- O8N Combined merped hourly magne
Aviilabile Time Bange: 196850 101 (00000 < 200020829 D06 ]

U Li1_Ki GEFWALK: Links i G
Avaiilabile Time Range: Select dataset for details|

Ol Gi_KD,
Available Time Range: Select dataset for details|

Submit

: LANL 1997 Magnensphenc Plasma Analyzer High Resobation daea - Mike Hendersos (LANL}

i Protos Fluses, sz Solar and Magsetc Ind

FWALK: Limks o GEOSYNC KF pre-peneraied sunvey amd ogher plois « Polar Wind-Geoiuil Ground Sysiem [ NAS,

eld, plasmma and ephermis dota - 1H. King, N. Papatshyvilli AdseiSysiems, NASA GEFC)

WEYNC KP pre-generated survey and ather plots - PalarWind Geotail Ground System (NAS A GSFC)

FC

s - LH. Kang, N. Fapatashvilll (ADN

select:

G8 KO0 MAG,
G9 KO MAG,
L9 KO MPA,
L0 KO MPA,
L4 KO MPA,
L1 KO MPA,

OMNI_HRO 1
MIN



GSM coordinate system

GEOCENTRIC SOLAR MAGNETOSPHERIC

SYSTEM (GSM)

« The geocentric solar magnetospheric system (GSM), as
with both the GSE and GSEQ systems, has its X-axis
from the Earth to the Sun.

« The Y-axis is defined to be perpendicular to the Earth's
magnetic dipole so that the X-Z plane contains the dipole
axis (positive Is duskward).

» The positive Z- axis is chosen to be in the same sense as
the northern magnetic pole.
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GOES_9 MAG>Magnetometer KO>Key Parameter

OMNI (1AU IP Data) IMF and Plasma data HRO>Definitive Tminute GOES_8 MAG>Magnetometer KO>Key Parameter 50 : - -
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Lon!1891_080 MPA>Magnetospheric plasmo anclyzer KD>Key Parometer
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OMNI (1AU IP Dota) IMF ond Plosma dota HRO>Definitive 1minute

4

Bx, GSE
nT

-

By, GSM
ynT

|

5

Bz, GSM
nT
)

_2F

flow speed, GSE
K,/

200E
NE
5 12F
% b
gg '°F
£S of
kS
&

1-m AL-index
nT

==
T T Ty T T T T

SYM/H_index
aT

-10

!
@©
RARSRERSRaseasnas

=12

| PP IO PP U PO IO £ I P P

I
18:00:00 19:00:00 20:00:00 21:00:00
97 Jul 1 97 Jul 1 97 Jul 1 97 Jul 1

TIME RANGE=1997/7/1 (182) ta 1997/7/1 (182)

22:00:00
97 Jul

1997 Jul 1 18:00 — 21:00 UT

1997 182 (07/01) 18:00 UT to 1997 182 (07/01) 22:00 UT

-10 T 10
-5 - 5F .
© 0
x 3
€ 5 ~ o
2 2
5f 1 -5t 1
10 L 1 -10 L L
10 5 0 -5 -10 10 5 0 -5 -10
Xosu (Re) Xosu (Re)
10 T T 10 T T
5- - —_ 5_ i
3
& 2
€ 5 C
3 Y
N +
z
|:|‘|:
-5F - -5 .
-10 1 1 -10 1 L
-10 -5 0 5 10 10 5 0 -5 -10
Yosu (Re) Xesy (Re)
sgmbols mark s/c at end of time range
GOES_8 * OES_9 x

Key P t St dato (labels_KO,K1,K2 limi dato. The GS inat is_ti ing.
e e SRR P 5 RS g preiminory dote. The GSM coorgigale oteR 5 72 YRS i 620,007

Generated by CDAWeb on:” Fri Se

245:23 2012



Bx, GSE

By, GSM

Bz, GSM

> 12F
‘B E
S, 10F
°0 r
5° af
o
&6

w

<

gc

I

1-m AL—index
nT

SYM/H_index
nT

flow speed, GSE
s

|

I

s}
BIIARaasnasssnanssnas sy

OMNI (1AU IP Data) IMF and Plasma data HRO>Definitive 1minute

o
T

-10

-12

18:00:0¢
97 Jul

0
1

,
19:00:00 20:00:00 21:00:00
97 Jul 1 97 ul 1 97 Jul |

TIME RANGE=1997/7/1 (182) to 1997/7/1 (182)

22:00:00
97 Jul 1

GOES_8 MAG>Magnetometer KO>Key Parameter

GOES_9 MAG>Magnetometer KO>Key Parameter

Bx GSM
nT

50

45

4

S

w
&
ARARRSRaEaRassaas

By GSM
ynT

Bz GSM

38F 4
38k =
o
'
1E =
¢ 122
15[ 1201
o e P
L e
1o 14
F 12F
obBE 5 RIS =
§ Q010 § 0.2
g 0005F g
Sa E ©8 01
;8 E ]
55 0.000F £
-3 E ~% o0
§ —0.005F c
S E 8
& -ool0f 8 o1
#IARE 3 224558
2 E 2
8 285.465F 8 224525
@ E &
g £ g
©§ 285.460 © 8 224520
g¢ E g
38 E 38
g% 285.455 g% 224515
§ E §
~ 285,450 f = 224510
w 4 w
445 4 4,50
BE ; i ; 3 21698
421605 F 42162.0
€ E €
¥ 42160.0F ¥ 421615
SE E GE
2 E 22X
T 42159.5F T 42161.0
4 E &
42159,0 42180,5
421585 ; ; ; 4 42160.0 ; ; n =
18:00:00 19:00:00 20:00:00 21:00:00 22:00:00 18:00:00 19:00:00 20:00:00 21:00:00 22:00:00
97 Jul 1 97 Jul 1 a7 Jul 1 97 Jul 1 87 Jul 1 97 Jul 1 97 Jul 1 a7 Jul 1 97 Jul 1 87 Jul 1

TIME RANGE=1997/7/1 (182) to 1997/7/1 (182)

TIME RANGE=1997/7/1 (182) to 1997/7/1 (182)

G8 LT
= (285

360)/15
= UT -
6 hr

9LT
= (225

360)/15

=UT -
9 hr

29



OMNI (1AU IP Dota)

IMF and Plasma data HRO>Definitive 1minute

4

2

Bx, GSE
nT

|
>
T

330F

320

310

flow speed, GSE
pAYA

ty

Proton dens
oo

il

«
5
g
£
5
€
I
«
5
3
£
-
=%
SO
£ -BfF
5 :
—-10F
b
18:00:0
97 Jul

0
1

'
19:00:0
97 Jul

TIME RANGE=1997/7/1 (182) to 1997/7/1 (182)

0
1

20:00:0¢
97 Jul

0
1

21:00:0
97 Jul

0
1

22:00:00
97 Jul 1

Lon!1980_085 MPA>Magnetospheric plasmo anclyzer KD>Key Paromeler

Lon!1991_080 MPA>Magnetospheric plasmo anclyzer KD>Key Paromeler

20fF 12 |
10
15 El
4 g s
g E o,
ot ot
3 3.
SE E|
2
gE E| 3
15
1sf El
oy oy 10
38 38
o€ 0 E s
ie I
2 £
5 E|
-5
ok E| -8
3 | 8
2 E|
B
oy 0 3 oy
38 o8
2 af E g
3 E| E
o E|
b E| -8
B | 8
5 B 5
L3 L3
<o El <o
2£ 2£
-sb El -
a8 RS |
050
. 045 - fof |
%
2t oss ag
00 o6l E
025
12088 ssoB &
50000
100000 F B
55000
8% 800001 B 8% 50000
45000
s0000F B
40000 W
148088 185688
110000 0000
100000
o o 80000
85 90000 23
= =" 70000
8000.0
70000 50000
s0g0,8 50099
015F | 20
5"‘3 Sr‘a 15
GE 0f0F | 9k
i 3510
0.0sF El 05
88 50088
a0o 40000
o 800 o 30000
=7 700 & 20000
10000 1
40088
B 30000
g
B §& 20000
B 10000 L
| og
L
E -1
31
$ -30
E -1
seiddF 5 78
ss1m0f El
55 sevaf El
83 E
e ssi7eE E| E
£
88 ss7af El
E| a5 E|
E| i E|
38
E =3 ok E|
o 5
18 3
I=ERY
1
15 E|
150000 19000 200000 210000 220000 0000 19000 200000 210000 220000
78% B F 3% F9 i B F 3% F9
TIME RaNGE=1987/7/1 (182) to 1987/7/1 (182) TIME RaNGE=1987/7/1 (182) to 1987/7/1 (182)

Lon!1984 084 MPA>Magnetospheric plasmo anclyzer KD>Key Paromeler

40
, o
PN
at
H
S

138868

0000
8000.0
70000

Toerp

5000.0

50099
12
10

slec dens
am=3

There

~10.1

-102

LT
‘dag

-10.3

—104

00 19:00:00 201
Eagod]

00 210000
22 il

TME RANGE=1997/7/1 (182) to 1887/7/1 (182)

30



1956:13 UT 1957:26 UT

" 201550 Ul

UItraet ir-nagerlarh
Day (182) 01 Jul 1997

1959:17 UT

2000:30 UT

600 800 1000

1200

Polar UVI

31



OMNI (1AU IP Data) IMF and Plasma data HRO>Definitive 1minute
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Two types of studies

1. Case study: examine carefully a small number of
events.
 Investigate how long it takes for the
geosynchronous parameter to respond to changes in
the solar wind
2. Statistical study: examine a large number of events
 least square fit of solar wind dynamic pressure Vvs.
geosynchrnous Bz

35



e

F ‘-;“-

5 can provide rich

 Geosynchronous sa.telli can-
er and space physics

datasets for space weatt S
» Could we get the next geperation Palapa

satellite to providefnagneti®®field and other

scientific data? NS




4. A‘spac'e we
net

a. HF backscatt rs from |onosphe’
irregularities
b. Kp forecast models




The underlying physics of many space objects and phenomena is often
complex and not well understood, but progress can be achieved through the
use of advanced or even standard machine learning and artificial intelligence

principles

Machine
learning

Physics
or Al

based

based

system
system
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Neural Networks

A NN architecture with 1 hidden layer [a class of multi-layer
feedforward network (MLFEN)]

The intelligence lies
in the connections

between the nodes

A class of NN with 0 hidden layer is called perceptron
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Let I P'denote the i -th element of the p  -th input vector; w ji(l) the weight (strength)
between the j-th node of the hidden layer (layer 1) and the i -th node of the input layer (layer 0).

The corresponding weight for the connection between the hidden layer and the output layer (layet

2) will be denoted by wji(z).

N e u ral For a given input vector I = (I,® ..., Ini(p)) the output vector of the input units is given by
he vector O™® = I Here n; is the number of input units and the superscript 0 in (p,0) serves to

N etWO r k denote that this is output from level 0. The input I j(p’l) to the j -th node of the hidden layer (level

algorithm

1) is given by

Ij(!”l) _ Ei;lwg}) O,.(”’O)

i

£e) = —

Feed L+
forward
step

sensitivity of the unit to its input. Thus the output Oj(p ‘1) of the j-th hidden node is given by

1

) _
ij = ) _(;J(,;.1)+ b/{li)

+e

here bj(l) is the bias of the j-th hidden node. We note that the bias term can be interpreted as the
weight of a connection between a virtual input node which is always “on” (and is usually called

the true node) and the j-th unit. Thus the bias is just another learnable weight.

Similarly, the input and output of the j-th unit of the output layer (level 2) are




Neural
Network
algorithm

Feed
forward
step

Similarly, the input and output of the j-th unit of the output layer (level 2) are

here nj, is the number of units in the hidden layer. This completes the forward pass for the

input vector I,
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We want to minimize the total error

Neural Eoe U - 23S 0~ 00)
Network
algorithm

here n, is the number of output vectors.

Using Egs. (6) and (7) in (8) we see that E is a function of the w ji(z) and differentiating E

with respect to Wji(z) gives

B I (AR I B U SR

where we have used the fact that f (x) = f(x)(1 ~f(x)) and we define 6j(p’2) to be

BaCk_ 5j(p,2) - @(P)_O}P,Z)bj(p,Z)(I_OJ(APQQ))

propagation
step

so that the equation of the weight change, iji(z) is

E §:2) 0(pl

p=1"J

here " is a learning rate parameter. Thus the expression for the weight w ji(z) atthe (t+1) ™

presentation of the set of training vectors is given by

ngz)(t+1) = (2)(t) + 172” 6("2 o 4 ocAw(z)(t)

aaaaaa



Neural
Network
algorithm

Back-
propagation
step

In Eq. (12), the last term is a momentum term which enhances the stability of the computations

by suppressing high frequency fluctuations in the weights.

The dependence of E on the wll ) is more complicated but easily expressed using Egs. (3),

(578). From these we find that

E 5(1’1)0(170

p=1J

5»/(111) _ O(pl)(l 0(171))2 52,0

1 m mj

Thus the equation for the new value of wj; is

(1)(t+1) wg)(t) + 172" 6("1)0("0 + aAw(l)(t)
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Two applications of neural
networks

a. HF backscatters from ionospheric irregularities
(clutters)
b. Kp forecast models

44






Johns Hopkins Goose Bay HF radar

Goose Bay high-frequency (HF) radar:
e operated by the Johns Hopkins University Applied Physics Lab
e study the ionosphere E and F layers, 100 — 500 km in altitude
e radar descriptions/characteristics [Greenwald et al., 1985]:
— Operating frequencies: 8 — 20 MHz
— 16 log-periodic antennas that are electronically steerable
— 16 beams with each beam typically consisting of 75 ranges

— Detects backscattered signals from ionospheric irregularities
or clutter (“soft target”)

— Backscattered signal is proportional to n* [Walker et al.,
1987]
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Goose Bay HF radar

e Goose Bay HF radar is part of the worldwide SuperDARN radar
network [Greenwald et al., 1995]

HF Radars HF Radars
SuperDARN LY e SuperDARN

Kerguelen

-'S'yoWa East
. Syowa South "
) AN

Kapuské’sing N
GooseBay




Stokkseyri, Iceland
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Goose Bay HF radar

e One of the
most popular
products of the
SuperDARN
radars is the
ionospheric
convection
pattern

APL convection model

o APL model
03/31/1997 o —— L mode

12:00:00 i)
12:00:00UT -~

Midnight

Figure?2 49



Goose Bay HF radar analysis

A lot of processing is required to get from the raw
radar signals to the finished products, e.g.
ionospheric convection patterns

The radar uses a multi-pulse technique to determine
a complex autocorrelation function (ACF) at each
range gate [Farley, 1972; Greenwald et al., 1985]

Processing ACFs could take a lot of time, especially
in the early days when computers were slow

From these ACFs, several parameters can be
extracted to derive physically important quantities

For example, ACFs => Doppler velocity =>

convection patterns
50



ACF

Examples of

usable and 0 TR
unusable ACFs
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objective

e A proof-of-concept study to investigate the capability
of NNs to classify usable and unusable ACFs

INPUT

ACF function
containing 17
pairs of real
and
Imaginary
data points
(34 points)

OUTPUT

0 = unusable

1 = usable
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Data set

e 350 ACFs from Goose Bay radar database 1986-1987

e 200 ACFs randomly selected for the training data set and 150 for
the test data set

e Each ACF contains 17 pairs of real and imaginary data points
(M=17), which are the inputs to NN

The dataset has been widely distributed and is known as the Johns
Hopkins 1onosphere radar dataset in the machine learning
community
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Results

Examined the following NN architectures:
*MLEN - NNs with 1 hidden layer and 3, 5, 8, 10, and 15 hidden nodes
* Perceptrons - (NNs with 0 hidden layer): linear and non-linear

Wing et al.
[2003]
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x 10* Leirvogur, Iceland (64.2 N, 22 W)
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Figure 1. The top three panels show, respectively, the pole-ward component of the magnetic field, measured
at Lenvogur, Iceland (top); data from the fluxgate magnetometer on the geostationary satellite GOES-8,
which 15 located at 75° W longitude (middle); Kp mdices for the same period. The bottom panel shows the
total equivalent vertical electron content (1 TECU = 10" m™) for all GPS satellites in view from St. Croix
near Puerto Rico on November 21-22, 1997; LT = UT — 4 howrs [after Kellgy et al., 2000].
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Background and Motivations for
developing Kp forecast models

Moderate and high activities are notoriously difficult to predict
[Joselyn, 1995].

Real-time magnetometer data can be used to calculate nowcast
Kps, which could improve the accuracy of the forecast Kps.

Why Kp?

Kp is one of the most popular global indices.

Kp has been playing significant roles in space weather, e.g.,
satellite drags, satellite communication, etc.

Many magnetospheric and ionospheric models require Kp as an
input parameter, e.g., T89 magnetic field model, Fok ring
current-radiation belt model, MSFM, OVATION, etc.

The long uninterrupted Kp record since 1932 makes it ideal for
studying solar-wind magnetosphere interactions, e.g., the solar

cycle effects, etc. s



The APL Kp forecast models

INPUT
OUTPUT
Solar wind, :
IME Normaliz
[previous Kp] R




Summary and Conclusion

In order to satisfy different needs and operational constraints, we
developed 3 Kp forecast models:
1. APLmodel 1
e Input: ACE solar wind n, Vx, IMF B, Bz, and nowcast Kp
 Output: ~1-hr ahead Kp forecast
2. APL model 2
 Input: same as model 1
 Output: ~4-hr ahead Kp forecast
3. APL model 3
¢ Input: ACE solar wind n, Vx, IMF |B |, and Bz
 Output: ~1-hr ahead Kp forecast

Note: a very accurate nowcast Kp algorithm [Takahashi et al., 2001] can
be used as an input to APL models 1 and 2.
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Summary and Conclusion

Operational at NOAA/AF  yniv. of Sheffield Boberg et al. [2000]
e NRAK K Operational at Lund Obs.
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Predictive Model Performance

The skill scores are defined below (Detman and Joselyn, 1999).

The figures show the skill scores for Costello
Neural Network (NN) model over 2 solar cycle
periods. They show that the model performance
has a solar cycle variation. The model performs
better near solarmax than solarmin for active times
(Kp > 3). The input parameters to the model are:
solar wind V, IMF |B|, IMF Bz, and the previous

Kp predictions of the model.

The skill scores are defined below
(Detman and Joselyn, 1999).

Forecast

Observed

Y

N

Y

X

y

Z

True Skill Statistics (TSS):

7SS — _ XW—yz
[x+ y][z +w]
Gilbert Skill (GS):
GS — x—Ch

[[x—Ch] + y+ZJ

GS ignores w (“correct rejection”).
Ch = chance hits = (probability of Y events to occur) X
(number of Y events forecasted)

xX+y
Ch = ( J x+z]
Xt+y+z+w|
For TSS and GS:
Perfect forcecast =1
Random forecast = 0 62



Summary and Conclusion

True Skill Statistic (TSS)

(]
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O
(%}
=
wn

APL model 1
APL model 2

Kp threshold

True Skill Statistic (TSS)
[Detman and Joselyn, 1999]
based on data spanning over 2
solar cycles.

Wing et al. [2005]

Correlation Coefficients

Correlation Coefficient (r)

|apow o|3150)
13poW XYWHVYN
|]apow ‘|e 13 biaqog
Z |3pow 1dy

€ [3pow 14y

L [epow 14y

Note: for comparisons with other
published results, r is calculated over
all Kp ranges and therefore, this
figure understates the dramatic
improvements the APL Kp models

obtain for active times, Kp > 4.
63




Ving Kp Model http://www.swpc.noaa.gov/wingkp/index.htm

NOAA / Space Weather Prediction Center

Predicted Geomagnetic Activity Index
using Wing Kp Model -- 12-hour Plot

USAF Wing Kp Predicted Activity Index Begin: 2010—-11-14 15:00:Q0UTC
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5. Summary

Geosynchronous orbit environment is relevant for many satellites,
including Palapa

Geosynchronous orbit:
e attractive place to put a satellite
e stable —save fuel
e fixed geographical area coverage
* has space weather risks
Space weather and space physics research do not have to be expensive
a laptop /desktop computer
internet connection: CDAWeb provides free online database
e Solar wind: OMNI
e Geosynchronous orbit: GOES, LANL data
Space weather forecast modeling with neural networks
e HF backscatters from ionospheric irregularities (clutters)

e Kp forecast models e



« Could the next generation Palapa satellite provide magnetic
field and other scientific data for space weather and space
physics research?

e Could we use NN to predict spacecraft charging and other
parameters at geosynchrnous orbit?
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