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Development of GSTOS Spacecraft Operation Planning Software

Kayoko NISHIMURA"', Keiichi MATSUZAKI™, Yuki SHIMOKAWA ", Hiroshi YATAGAI"?, Yoshikazu MIYANO™

Abstract

GSTOS is Generic Spacecraft Test and Operations Software, which is applied to spacecraft developed by ISAS
(Institute of Space and Aeronautical Science). We have developed Command Planning and Verification
Software, one of the software components of GSTOS. This software is characterized by verification part which
verifies validity of operation and command plan. In order to support various spacecraft, the verification part is
implemented in a modular way and users can select the modules suitable for their application. At this moment,
modules for SPRINT-A have been developed and used for in-orbit operation.

Keywords: spacecraft operation planning, GSTOS, =~ R ERIEY 7 hv =T
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3.3. fr#xiRaEt
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PRT 7 A NVE~—UF 5 ISACS-PLN FABE L, WGEEE1T 9 FlRGEERE ~—V%1TH) a~v v
REFEERERIC KRBT B 58t & L.

ZoHHEZT, HERGERE 2w REEERSO A 2 7 = — A THLERERT 7 4 LD
ERHL, TOREICOVWTEETRDICE LD, EAERT 7 A L1E, 10 MRS E R
Rl X iz 7 7 A L LB ER LR S FE(ORLG; Operation Request Language for GSTOS) Criik S #17=
T ANDOHERIND. 22 TA Xy MELIRHERIZA X b EZORERLAO—ETH Y, ORLG
X, I~ Ryv—F VA, BIOARVMNEeavwy Ry—F U ARG ETRIRTHZ00, FarsJ
2 7535 Ruby 2 RS 3E & 4% DSL(Domain Specific Language) T 5. N HEHWDH E, o<
REFEERG O — 1%, HDEFEIRA X b (il B CRAET 2 FGCRIE NI Uiz k)
kT a~vr Ro—F7 v R (AT U a~ v REIERICE RO E F & HIZ LT D) % ORLG
TEFRL, TOa~vy RU—F U AEFTT 54 X0 MBARAET 5 ERL % B 2 OFERRGEDOEIZ A
NRUMEARISEELE LTHEXDZEI2Ly, MELFUL I RERLELRTOILEN R /LD, F
72, FHEREES T, Hixoa<wr RhdWEawy R—7r ATERL, ARV b ERIEDORS
T 5720, MEBOEAEEZ/NSL TE5.

3.3.1. FHERETER

FHERREE R TR O RIEI EF R A2 32T 5 LRI F OB HEOMEEZITV, HIEEE A2 ERER T 7 A
e LTI 5. BHIRGES 23 2 OF Hiies O 2= RO A F 8 0 2258 7 IS ZRICxHE T 51
1L, TRTOMEZEAT-EMOY 7 v 27 & LTHEET 20 TIERL, #HERICEY 2 —L1ITh
FL, FEEEICHLEILS U TRIEEB ORFEERRCEADNHABELZE V2 — VT ANEZ NS L9
T ENLIWEHIBT L. 72721, MMO TIZBEICIE e =7 MI XY, FHERIESE LT
WMBEOY —VEER L T\, Aa—7nbLBRA LT,

LT YL OER AR, R ERREEER O b OMEE L LT, I w3 vEEiVERERE,
BRESEHAAERE, BEVSIMERRGIEARRE, BIRCIMRRGEIERE, & U U U BRNIMERRGERERE, BARKSTE
MEbkRe, FEAHE IS HIER RS, REILEED 8 SOMRER EDT-. T HITIE, WM+
LIRSy, HERICEHT OO ORITNEEND. TTHEEROA % 7 2 — 2%, RICHKHRENIC
VBN Y, SHOMETHERATEALIBEBRLTED. 512, b OBERERER DA A —
DEhRT. BB, Aa—FnBEA L MMO IZOWT S, Y — L ONERERR N 5 ISR T RRTHR
ENDZ L EMERLE.

BRSO ED 5B, SPRINT-A & ASTRO-H ITTHERFIOME TH Y, ILAMLIZED #lA<0d
V. oL, BREOREST ASTRO-H OEROFEMMBPEE » TR - 72 Z LD, SIB2/GSTOS-1
7uvxZ hTIE, £9, SPRINT-A 2% —7 v MZIHAMIZ2VBELEYa— LV ERETH L L
L7-. FOMMOTRSNTHOWTIE, SPRINT-A 7B x 7 MITEHT A2 L & L. X612, SPRINT-A
BT D~ REHIRGE Y 7 b U = 7 OERERER 2 9. T O OBRED 95, BRICEH T e v -
I RTRICA VE T 2 — A ThoT2 BEILEEEIZ OV TIE, BEFEOEY 2 — V&AL, #E & 3¢
ERIFIZE DL & LT-. ZRLSADOHEEEIC SV T, R EOREZHEATIZLE LT, £
D a— L HDHWITHERED —ER A HH O ERAL A LSBT Lz, IS, SHEEREDLENE 2R

(D » vz UEHEIERERE (BERED —I 21 5 3 D A AERK)

2 v voa VEHEITERBEREIE, BRET AR TH D I v g R ORIEIC b B ERICE S X, E
HAERT7 7 A (2 vy a VHEEAERY 7 A OB &, T — 2 BARRLPHE BN BOREIZEL
DOHAEITH. ZD 5 b, SIB2/GSTOS-1 7=/ FTiEk, sFEICESIL T — X AELIEEEN
BEOREELTa 7 ANV EHR T ABES LT a— A E2EHET AL LE. ZRODEY
— i, HOENLD, FHEOA X MK L, T—FRABELITHEBENERET 7 A MIFEEL,
SNRBIZAR PO Z AN L, ZHOOMEMTICL Y F— 2 RAERB L OVEEE ORI
a7y A NERTTTS.
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Development of Software for the Arduino-compatible Mission OBC
Abstraction and Re-programming

Junshi HORIGUCHI *', Ron HASHIMOTO *2, Kent NAKAZAWA *3, Akihiro KUBOTA *#

ABSTRACT
This paper describes the design philosophy and implementation details of the software
of “Morikawa” which is a mission OBC of 1U CubeSat Art Satellite “INVADER”.

On February 28 2014 (JST) INVADER was launched as a piggyback payload of the
H-IIA launch vehicle No.23 and entered a circular non-sunsynchronous orbit at an altitude
of 378 km and an inclination of 65 degrees. Morikawa is a open-source hardware Arduino

compatible mission OBC. Developers can use the base software, extension libraries

and the development environment that were cultivated in the Arduino community.
Morikawa's hardware modules are abstracted consistently as much as possible,
hence the coders can write programs to use them very easily and freely.

In addition, a virtual machine is implemented by defining a original machine language
on Morikawa using its strictly designed interface. The VM enables us to re-program
Morikawa efficiently by sending only small bytecode from ground station.

Last of all, some results of missions executed by Morikawa on orbit are reported.

Keywords: Art Satellite, CubeSat, Arduino, Programming, Software, C++, Virtual Machine
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1 IEU®HIC

B/INBEEDITE LIFESOEMICH D, KEFEED
BRIRET TR RBEDORRELP PN F 27 7IL—7IC &
BZINBBEEDEFKMEZDDHB. TDLSH/NBEFED
1 DIC# 10 cm A® TU CubeSat & WS FERIEHTE
9 %. 1U CubeSat (F¥IER7REERIEER CEIEEE, #
ERZEE T DICEBBEICHNH 2D, EEOEFIHM
DINBUE, BEIbICKD, EYYDBERENELZDFH
EETY IR 7 OHERBZITSICETREBRES
N3, UDNULEBHSEEDOHEZTSHICEK VI
VI T DHEST, EERET - BERET - BEHRMME DRSS -
BEFRRDBERELHHZDEFOEMMHAINLETH
D, INSZHRE U TERIFRRZITOLENH 2.

AEIIEEDRSETEV1—ILELPEEATIR M %
BRI D2AA D TONTVWDD, EFNEEICHB/N—R
DIT7RBTORDEATHD. FnlcHLT, EMERA
ZEHME UeEMEE "INVADER, 6TlE, 1—HIcEM
NEFBREDHZY 7T T72R—A&ULEIYY
VERELR. VNI POEBEERZELGI v 3V
ETBHEICESTIE, N—RITT7REA—TVY—XT
ZLONBOFEFEMRICAVSNTVWSZEDOHRWL. ZD
fe®h, VI ND 7 OEMERE S UTEERTYA >0
FTHELLBAWSTWS Arduino” Z3&R9%. =57
ZYRTA—LDEI21-ILEZTSEEBIKYTIRNT T
FDTATZUEREL, T vy a vBEEkRTEA
AREREDE L.

=MEE INVADER (E/XT—FJa—I)L - XA VE
Va—=I)l-Z2yyayvEII-ILEVWS3IDOKRERY
TIXTLICEDBREND. KNT—FV21-)LIZEES
TOEBENEBZIT>TEOROERNER, X1 VE
Va—JLIgEREDBEEYIVvYaVYEY1-IILOR
HREFELEARDARL -3V ETS. TvyayvE
Va—lV@EAAYEIV2—INICRKEBETDHETEET S
Arduino BIEDEERRY 7 NV PETRETH 5.

KX TIE, =MiEE INVADER ICEHINTWDFH
EETHET S Arduino Sy 3V EYV21—-I)LDFK
SEVTOTIIVIUREERY 7N U T ORERZEIC
DWTIRNRS.

2 ENBEDI Yy Y3 vEYa—I)

it

2.1 EMEEE UTOREE
=M@ETHZ INVADER BIEZEREHT BICHRD
TU CubeSat ICE#HT 2NEDERBEROEEERTT

5(FE LU SDK ¥ SH4-BoCCHAN-1 OBC &
5 ) ) ) )

7 http://arduino.cc

8 BRXEt 7V T X D AquesTalk pico

° http://processing.org

10 http://openframeworks.cc

ZEEHICEMENONBZITS LDICANBRELZIR
HUTe. BHREMN - AT 77— M DBOERVEEDE
BERABHNSHEENICEHEICERE TEIHELZETEL,
BROABIL I T RXTTa TT7—RDINTAXA—=5 &L
THATEZLSICEY Y T—Y ZEE T SHEENEEH
Inf.

THABOEE - RUBHFE - EVLWEE) &W>3
veE7hZEHEIC FM Ty NBERITTREBSEEE
BILEBMEANDA v E—IKEREDEH SN BF
EFICIE PWM TERUBREZES T SEELEFS
BF vy 78z fRAUICEAEREEENEENTVWS. &
VHEULTIE, KBEM/IRKILOHKEEN - KBEM/ (X
IWORBE - VFILEBHOTEREESN - UFILESE
HMOBRE - SENARKOEREEYERE - BK - Vv
AAODEEZEETZIENTES. INSOEVHIIEHE
DEFRREOERICHEFATZIENTEFHEDDHEWN
AR—AEEHNITERTES. I5ICRK 640 * 480
EJ )LD CMOS H X ZZEBH L TH D BEREIEWNR
NELNT—EEZRFITDIENTE 2.

NS OEEIGBEDHERKE TORAINTEDE
FLUWBDTRBWAEIERDIHDIK—Y FIL - X
F47ELTD INVADER HETIFER Tl % < EREIC
HOOETEZ, BA0FTyrvvy—%40D, BHDHE
THEERZEWS TORIANKYITH D EEZ, FEERIC
EET 2B ERALY 77 7OAICK > THEEKE
EILT2FEERIRU.

2.2 Arduino O

2.2.1 Arduino OE

BREMAPFICEVWT/\—R D 7 TlE Arduino, V
7 = 7 Tl& Processing® ¥ openFrameworks!® @
FEABEIEZDDH . INSIFEELREMZF > &Kl
EREFTIERLEMICEERD D 2 FHY DIY HREIEH
FEATEDLSICKREFT NSO TORIEHNRES 2 —
IWTHB. cnozFMALCHEAREZEY RTONYAE
VI EEEN, BRUEWPA T 7220 0WAH S KET
ATREICT 5.

Arduino TREBREABIhY 7807
GPLv3 % LGPL 4ty XA TCREHEIRLTWVWS.
openFrameworks THY—XJ—KiE MIT 24V X
TREINTRD ATV —IABTOVTI N TH 5.
ERBANA—T VY- THZIIEILEIDINSDE
BEYR—MUEY—RN—FTr —HOERZVPESICK
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nsox{brEE 2 INVADER ETIEI vy a3y
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Arduino ZFBULECEDHIETHNIHEEICIERL
700 L ZDEEFHTEMEIEONZEEZTIR
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1

]

W

v 3YEYa1—)l Morikawa

INVADER #E£Icix [K1] ([€/r9 Arduino B2 = v
VavEYVa-ILMIEHIN, In% Morikawa &S,
X4 > CPU & LT ATMEL @ ATmega 2560 Z#A U
THD, Arduino Mega 2560'" IZHHH L Arduino DfE
HKRIE122FBWT Morikawa OV 7 N Uz 7 ERHET S
ZENFIEETH B.

2.2.2 Arduino D48

Morikawa & Arduino HIATH 7= IC—HRHIE
Arduino OFF# %z HET 5.
BUTFIC Arduino DIRENBRZ & HB.

UTZIIAL OS PEDHDARL —FT 0 VTV AT A
ZRRBUBWHIT) ZILY A LIBETRT 52 &H
TE3

CIVITWNI R THDEIDAHEFIAT B

CAEXEY EEHET I CPU AED SRAM ¥
EEPROM %F)AHY %

. Arduino Mega 2560 ® 5V %i& 16 MHz, 3.3 V %
& 8 MHz TEIfE9 %

IN=RT PRV TN VIERTREZFLARL

2.2.3 Arduino OFRIEE

Arduino @Y 7 k7 x 7I& Arduino IDE ZFWTH
FIN3. Arduino IDE &Y —XJ—RKRDsEEdHh 5 I /X

. ) . Main/ArduinoR Meqa?560
12 Arduino IDE (1ZERFD/\—2 3 I& 1.0.5)

AU Sy 17

ANV - EZTFNAFVDN=RT T TPANDEZA
AFTERTCOIREB[RICITS> I ENTES. Arduino
IDE (&a>/kq L&) v 7 ICRERT avr-gee ZFIALT
&0, avr-gcc ZEEFALIC Arduino V7 D70
& ABETH S Y, Morikawa Tlx Arduino IDE %=
WTETOREZITS.

Morikawa (& Arduino 1.0.5 ZxRE UTHEI L.
Arduino 1.0.5 [FREBTIEFRD LS BHEREZFABLTW
5.

. A1 ZI& avr-g++ (GCC) 4.3.2 TH 5

. U2 AlF avr-ld (GNU Binutils) 2.19 T#% %

. 7—AA/\& avr-ar (GNU Binutils) 2.19 T#% %
. ABI & -mmcu=atmega2560 Z=IiEE Y %

2.3 Morikawa /\— R = 7 D3&s

2.3.1 HEOHE

UARTTX [T e

SN74LVC2T45

UART RX
Level Conv.
SN74LVC2T45

Blue LED
Blue LED

CMOS Camera
OV7675

UART RX
UART TX
GPO
GPO

Mission CPU
ATmega2560
SAT.
BUS Digitalk LS| Video FIFO
Lina APT301 IF4 AL422B
SPI
Multiplexer
Switch FRAM
| Muitiplexer | € | Level Conv. FM25V10
ADG709 PCA9306
nc
i Flash ROM
| | | M25P80

EEPROM ”

EEPROM
24LC1025

EEPROM
24LC1025

EEPROM
24LC1025

24LC1025

2 Morikawa DY RATFLTIL 7T 5

Morikawa DFEtOFRLIE [K2] ITRIESITA1 Y
CPU T#% % ATmega 2560 T#% %. Morikawa (& £ T
BB)ET S Arduino &IFEW, BESARZEHIT S X
AVEVI—IWPBEAVATLEEEIZ/NT—FEY1—
IWEBAUTEHELRITRIEARS RV, BEDEWZREN
DI BNIFETBNICEFHIR TSNS OEESHD T—
Y DHRAHEZDLREMREDRNIBER L85,

INSHEBRT BDI2HIC Arduino DEEY I RU T
FBICHEZMA D HAENRT S NH, EENG
Arduino DRREEZFIATE R KRS I EPEEEE
ZRRICBEINALCIOAVRATLAOREEZRFZ 2N
HU<RD. 22 TN\—RT 7= EBRT 2HIE—HH
ICAFARGRERZMAL, VI MUz 7ICEWTHH
BERRDERY 7N 7 ICEFEMABWFENTS
nr.
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Level Conv.
SN74LVC2T45 Blue LED
LED §
: X 3
: CMOS Camera
Mission CPU : OV7675

1 ATmega2560
: Video FIFO
H AL422B

IMBFRAM O .
h [ mam |
H FM25V10

Level Conv.

32kB EEPROM
SN74LVC2T45 -

Synthesizer / Digitalker

[ Audio Mixer
P Nveao2
SAT. :
BUS T
. i igitalk LS|
ling P | APT3011F4

Multiplexer Level Conv.

i [pAncHe PEARMK 8MB Flash ROM @
i Flash ROM | !
4MB Shared EEPROM H j
E EEPROM EEPROM EEPROM EEPROM .
E 24LC1025 24LC1025 24LC1025 24LC1025

B 3 Morikawa O~RY 7 5 ILEERR

X4 CPU T3 ATmega 2560 ZFLNCECE L,
o, FIEMBXT)PEESR LS| hEERD
7o) E UTERLR [K3] . 25(C, Morikawa
[FBEENIC X A Y EY 2 =IO NT—FEV1—)L & EH
FTEDTIFEL, XA VEY1—IVICHKET 2ZEIHRE
st& Ufe. Morikawa XXM Y EY2—ILORY T T
FIVEZBRD 1 D& COLIBEETTIERIY 75
RS EICN—RD 7YV T NI T7Z2EY 12—
{tIT 2 EHNFREERD, HKEBROELBAPEMEZARSIC
T22&NTE INVADER BEDRRKLT TIEHRLLED
BEORRICEWTHEEZENT I LA TEEE RS

[R1] ELUTIC Morikawa DE#EF &0 3.

. Arduino Mega 2560 [cRU 7 =)L E#ERL 2
HDERETHD

AAVEV2-INWICREBEUVERERBIEX A VEY 21—l
N i)

. KERY digikey REEBULTHBATE 2@ THER
2 MIL g 0E&EZFA L&

. IZ¥EMR Arduino OEEY 7 LUz 7 EREREEF]
B93

% 1 Morikawa \—Ko 7

. HAN—SP|-12C BEREDY T NI T FIIIEE
Arduino FICEHINTWE 4 75 U114 aEERE
DFEBT S

232 XAV EY 21 -ILEDTHR

Morikawa (XA Y EY 21 —ILICKBET 2K TH D
MAAVEI2—ILEDEATTLARNYTFT—F DIEEP
REOBHIE W BEZTTS. Morikawa &EXAVE
Va—)LOEIEY ) 7ILEE (UART) IC&->THERIN
THH, BEEMICIE Arduino Mega 2560 @ Seriall %
FAY 3.

ZEMR Arduino OV Y FILERERS 7 5 XTI
HKEFEDAHNEBZIERE T ICRET—FDR—") >
T &MY 5. Morikawa DE&EHTIIMEEN R EREZ HR
ICHIBT2oHICY Y ZIIERICBLTHERET—%
DIR=Y > T %ZIT>.

BERET—FI1F loop() BHARTEGENSD, A1
VEVaA-IINEDBETIERT—YDOEWD ZIFLZEITS
NEDNBBTeHIC, loop() BHATIRGLS FANY—ICLD
—ERROEIDIAHLEBEOR THEELRR—Y VT ZITS.
R=UYTHDYAY—Icld Arduino Mega 2560 @
Timer1 ZFIAT 5.

Morikawa & XA Y EY 1 —)LOETIE [R2] &>
BROXY RDEZRESIND. BIEDRBERITINADREE
LTHDBEICEALTRINEDRRIETH 2.

®2 YUZLEETEESNBIVUR

bkl B2
CPU ATmega 2560
BIREBE 33V
B{ERIEE 8 MHz
ERERAIE R&ER
WREXEY PIBE SRAM
TERMEAEY Pl EEPROM, 4188 FRAM, 4428 FlashROM, 4188 EEPROM
0os FALEW
52908 IVINERY
BDAH RT3
SR Arduino IDE 1.0.5

avvkr A &a

c-c-m-eco XA ~—Morikawa RIERERR
r-m-c-eco Morikawa— X >~ FEADES
c-c-m-smm XA ~—Morikawa TLANY TS DIRE
c-c-m-asd A+ »—Morikawa BEHET FEDEE
c-m-c-nsd Morikawa— X >~ EBRT OEE
c-m-c-don Morikawa— X 1 > d =7+ AEEDOBEBRA Y EX
r-c-m-don X >—Morikawa LEADEE
c-m-c-dof Morikawa— X > =7« AEEDOERA 7 EKX

r-c-m-dof XA »—Morikawa LRADRE

233 HBEAEY ZFA LA

Morikawa & XA VEYV2—=ILOBETYUTZILEER
NUTEESINZ TV IERONIBEDOT—5 DHT
% %. Morikawa I[CEEH I N7 TV T —2a VY HERL
TR DT —F [FHEXEVICEEAFN AV EY 21—
JVICE|IEEEIND. £fe, X1 YEYa2—)LH Morikawa
ERETZBICES/INSA—F EIGET ZEMIICHHA
SN, HEXEYO—EHRERIICEID H TSN TWS.

HEXEY(E Morikawa AEEEINTWBEIE
Morikawa h'FEHEZ DERZHRIFLTE D, Morikawa

14 TimerOne Z- 7Y https://code.google.com/p/arduino-timerone
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EXAVETa—VEHHMENICHEBEXE Y L7 EXT
.

2.4 Morikawa VYV 7 kD 7 DER

Morikawa OE#Y 7 k7 7 ICIFEXE Arduino BD
VIR T7EFBTZZENTESH, Morikawa (&
33V RTHELTHED 5V % Arduino Mega 2560
BOEBY IR 7% Z0FFMNAEI DI LIFTE
R\, ZZ T SparkFun Electronics'® Bf LI L T
W% Arduino Mega Pro 2560V 3.3 V HD/\—R7
FEET 74 IL17% Arduino DRIREIE(ICEBINSY 3.

Morikawa ONXYU 7z Z)UESRZ®RIET 2V I MU
TIERY Tz Z)HER 1 BRICDE 1 D0 C++ 58BY
SA& UTEMT . Morikawa DEFREEEEIBIET B
VEH—T1—RERY T TIINEBREIRET DAV —
71 —A%EHE UL Morikawa 7 227 U Tr— 3
YIOQUZIVvIA4YY—T—X (APl) & UTHESEIC
BT 3.

Arduino ®7AY'S 3 v TlE setup(), loop() &L
S 2 DOBEBINETCHEEREAKZFE >THD,
Arduino DREFEEIIBNRULUALCERENREICK ST
OIS TESBILZBRHELTNVWS. g2 T~
AV =71 —RA&1%D Morikawa 7 X HIZHEDTE
ICRESTE TERUEET Z2ENDH 5.

I 5(C Morikawa XA Y EY2—ILETLARNYFT—
YOZFELZT>TWRIEHTLANYF—FDER
EHEDRELTILANIT—YERBEITZAI VT —
T —ADREPRETHS. TLANITF—FDEZE
HEBEDREEIL Morikawa 7 XA &FIBT 2HFEH S L
FER LimRI1Ld 5. Morikawa V7 b7 = 7 IZEFHRT
TUT—2aYOFRFICDOVWTIERELYT, AIEERED
KRB TN—R I 7PDIRTCOEEZRIETED L
SICIRMHL, ch5% £ &HT MorikawaSDK'® & LT
BT 3.

3 MorikawaSDK M 3E#

3.1 MorikawaSDK D%

INETOERICEDE MorikawaSDK ITld [53]
DI ZANEENS. TSTMorikawa 7 SR IFRHEER
JZXTHD Morikawa 7 7U T —> 3 v OREFETIFE
lcZ DU ZR=ZFEBY 5.

TSTFRAM, TSTFlashROM, TSTSharedMemory,
TSTLED, TSTTone, TSTDigitalker, TSTCamera 7 2 X
IFZFNn2hn ATmega 2560 ICERINRY 7 = Z L8

15 Arduino IDE h53#IRTZ % Arduino Mega 2560 or Mega ADK

16 http://www.sparkfun.com

s SC s

B
=
ao
©

% 3 MorikawaSDK Ic&FEh3 U752

I52% &E e
FIFRIAE

TSTMorikawa Morikawa Z &9 2 &R TR 3%
TSTFRAM 1M bits FRAM Z5HAEE I 5T 7R Wz
TSTFlashROM 8M bits Flash ROM ZHAEET 250 T Wz
TSTSharedMemory 4M bits Shared EEPROM Z5A#EET 57 TR Wz
TSTLED Morikawa £ ED LED Z#{ET25 9 5 R Wz
TSTTone ATmega ® PWM ZFIFAL CEREZEEI SV TR ATV
TSTDigitalker AquesTalk BEEEH LS| 2T 25752 ATV
TSTCamera OV7675 CMOS hX S %I 250 T WWZ
TSTCriticalSection FIDAHRIFEHEERT D7 TR =40
TSTTrinity TYUIT 1 TEHD 3 TRILZEITSV TR (=40
TSTSCCB SCCB 7AhABEZIT>V 7R =40

am. ==

|
g
)

Le 1
SN74LVC2T45
Level Conv.
SN74LVC2T45

TSTTone / TSTDigitalker [N ey SRR
F % 9 4
Audio Mixer i CMOS Camera
1 NJM8202 ] H Mission CPU ov76TS
i ] i ATmega2560
SAT. ! : o ,
BUS i [ Digiakis | ] Video FIFO |
Liss t| APT0lIF4 | ] AL4228 ]
Pl Muldplexer Level Conv. FM25V10
ADG709 PCA9306

TSTSharedMemory

EEPROM EEPROM EEPROM EEPROM H
: 24LC1025 24LC1025 24LC1025 24LC1025 H

4 RUT7xIF)EREBHTBEIIR

BERUTEBDHRAEZSVCZOMODBRIEZIT S HDHE
BEBOEREZEATWS [R4] . RUT o I)LHESED
7 25 XIF TSTMorikawa 7 X %Z8U THAT HET
BHOTFTTVTr—yavEARBENEEARI S EIEITE
RV SNIEEDN=R T 7DD ANEDL>TEDE
ROFEMMNEEINEETH T TV -3y LN
TRYIRNIITPOEEZTSZEBRIHIGT B &N
TZE3.

TSTCriticalSection 7 2 XI& ATmega 2560 DJ/\—
ROz 7EIDIAHZ—FFNICEILESTZHDT TXTH
D C++tr EBZAVTEEINTWVWEIDTTAKZVHT
BEIICEI D AADIREZETT S ENTEY TR U
TOREENMET S,

TSTTrinity 7 2 XE7Y 274 7ZHD 3 TRLZTT
SUZRATHD C++ EBDTVTL—MEREZRAWTE
IhTwad. flXE int i; EWSEHI%E

17 http://dInmh9ip6v2uc.cloudfront.net/datasheets/Dev/Arduino/Boards/mega-pro-3.3V-v11.zip

18 <User Document>/Arduino/hardware 7 #JL% LUTFICEBMNT %

19 hn—_p[{gih b.com/ARTSAT /MorikawaSDK
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TSTTrinity<int> i; £ ZF9 5 & 3 RIS EHKICT
TEAFTBIENTREL LS.

TSTSCCB 7 ZRl& OV7675 &LBEITZHD
SCCB 7O KM )L EEULENT TR THS.

MorikawaSDK (FR D & 5 RERKRICE DS REEITWL
BECHREEINET7Vr—ya vy 7OV IV08
BEREHL, VI MYz PHIEEICREICFERER TET
INZZEEBIBLE. NSO ERRICIIARIC
Virtual Machine DEZEZRFICTZILICHHFSLT
W5.

. MorikawaSDK & C++ EBZHWVWTEET 3

CEEBRATEINMEZEERRET BDICT T AEHIZ
private ZHDOHET B

CAVANTYY | TANTZYUH -set / get-read /
write « setup / cleanup / isValid B & & DLtk %E
w—1ds

BRI EERRDERET S

. BEOPHNBTII—2REIELBEICIE, BUHURK
DIBMOABZHRT S

Y78 D 7 7O0-OHRTEERHEETOERIE 3
RLdT 2

. FRAM, Flash ROM, EEPROM 7 & DR ELIRFETD
RHEEA VYT 1 —AEMRIELT S

CAAVET 2 =ILD S OEBFIRNRE T ICHER TREON
MBAIR(C SRR ZRET D

L IS—RERICIS-—OAREM EITER D FERZRME
I3

32 C++ SBZRHWER
MorikawaSDK (& C++ B ZRHWTEEInTL

x

TRA =Ny RBDGREEEDRRETHRRNICY
TR T7HRTIZIENAREITHD. F£le7terd
LD HAEICERELYTWERGERD TREAERLRR
BESZHAATHRELEREINS.

C++ EfREIIFREMEA, REEHK, typeid,
dynamic_cast Y7V 7L —rREDATI U MEH
TATZ IV T D DEREEDIMED > TUL S HMREBHK A
PIREEKIIATY FREDEIN & RTRFA —/\—AYy
RDBRZEAE LTS, typeid ¥ dynamic_cast RED
ROTBRBREIR—NITBICIEFAVIITOREEE
BIFTI2MENHS. AKICONZFIRT 2HEICHIY
M SDEREDEENE ABl OUT—T v KD EICRR
%. IS OEEIE ATmega 2560 D& 5% 8 Ev kY
A AV TIRTEZRFFEALBRVWADERLGBEN IR
TZE %7z MorikawaSDK TIEFIE UL,

33 ‘EBATEILE

20 OmniVision Serial Camera Control Bus

Tty 75% CEEE2BW-8 By hkvyrarorO
TSIV TRERCPEROA I bEERET &
IFHTHD, BENA TV U MEShITBABEDEL
VI RND 7 ERZEANGS.

Arduino BIaDEIETIE C++ SENFETES O
C++ EBOATEIbEEZEBNICFRT S.
MorikawaSDK TlEX Y /\E#IL TR T private T &
ULABZERIE—HOEHZBRNWTATI I NI 7AL
HEADA—TDHEEET S, X VI\EEICDWTH private
protected - public DIRICESERICH] A UBRIICIER
RAXAVN\EHET B.

3.4 BHOEROHTE—1L

341 AYANZVY | FANZ Y

MorikawaSDK TN ZFERLBEWOTIVRA KNS
VEIPTANTVIDHTREL LI T — AP E
FTEIFERNIEELRL. NS OAMTIFRESERDE
BONBEBREIT—EREITRVWLIEBOHZ LR T
5.

3.4.2 set / get REHK

set / get REA#IZE & U T private 72 X VINEHAD
Ty ER#T S, MorikawaSDK TlERU 7 3/
BERDREEIREI Z2EBEEENDHZFD & S1RE
HTIRIZ—2BEYITRTHENS .

Bgnrotwy Y
~ void setXXX(typename const& param);
~ typename const& getXXX(void) const;

IZ5—ZRI 7YY
~ TSTError setXXX(typename const& param);
~ TSTError getXXX(typename® result) const;

3.4.3 read / write 2B

read / write RBE#IZTE UL TT—IBIMAXTY 7
EDRBRFANOHRHAESHEZRETS. RUT I
BBREDBETIEIZI—ZHKESTLHBEENH DD
CINSOEBIITS —%2RIDENHD.

~ TSTError writeXXX(--+);
~ TSTError readXXX(:-+);

3.4.4 setup / cleanup / isValid %

AYRANZVIPTRANS I TRERODE LR E
B REOHATRETH DO T —2RES T8
MDD H ZifEl setup / cleanup REIETITS.

cleanup REAEIEA VR TV A DBEREFCF TV o —
VaVORTEHICHOEEING OIS —2RLTHI
S—RENSEET 2EREELRAENFEELRWN. 22T
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cleanup FZREFIIEICAHINTZ2HDERELIT—%R
SRVWHERE T B.

isValid %BI#(d setup / cleanup REEFDIFOH U
REZHET DHDEKTHD setup REAFKDIHN
5 cleanup REKOHOHULEXTDH W true ZR U,
ThADGEE L false ZIRT .

= TSTError setup(--);
~ void cleanup(void);
~ bool isValid(void) const;

345 BHOI—F 4 v IHN

MorikawaSDK Tl EE D& RIARBEKUNTE WTH
RDOESHBHEOZHEALTWS.

- EEBEDEREIS/NFTIHED 2 BEENSIEEEN
AXFTH2 (getData / getAngleX)

.RAM. ¥ ROM. R EDREEEIF TR TAXF & UFEEK
ZDOFEBEICIFAWVEL (getFRAMSIze)

. position % pos RED L ST 1 BHEXIE IR0

A VRI VAT UTREZ T S BEEBUIIENFA DRI T
%% (findltem / update)

A VRV ZADREZREY SIS is + TERRAYH
AOZARBEHEE + LFAOBEHHE LU bool Bl%ERY
(isValid / hasUpdate)

CN\=ROFEDRAHDSIFOHEINSEHIE on TH
%% (onReceive / onTimer)

CAVRAYVZAOABRZEEURZVWERIE const B
ER

CBEEOSIBICTY I T TRMADA VY AY VR EE
U, BEDEIHONEBZEELRWESEIF const &R
ELET 32

. BEEDEIBONBEEET SHRIFRAIVIELET
z,22

. BEED I —ZRIBEICIIRINAEERET S bool
BTl < TSTError 8%k

3.5 RITRITZ—DfE

FANEFERLLBRVWDOTIS—IEBEHOEDEE UTHR
H9 3. errno DL SHBIT—%REFT D RBEHIFFED>
HUY—T Y RICE > THRRIVEESINZAREELH S
FeHICHRNATAT T I VT ICiEBES RN,

[O—R1] OBICRTLSICTS—DEELZES,
BCEERY TV ADWEEZF LIS —2FOHEL
TCICIRHAIT 5. T —%MOETE 2N H DHBEICIE
EIENE%ETT 2. COFEEBRNICERT 2

d—-KF 1 BHREGIS—0OHE

void setup(void)

{

VA YR ADAC=TONBEEL LD HIERE

AU Sy 21

if (parent_func() == TSTERROR_OK) {
if (Canother_func() == TSTERROR_OK) {
// normal task

}
else {
// error recovery task
}
}
else {
// error recovery task
}
return;
}
TSTError parent_func(void)
{
TSTError error(TSTERROR_OK);
if (Cerror = child_func()) == TSTERROR_OK) {
// normal task
}
else {
// error recovery task
}
return error;
}
TSTError child_func(void)
{
TSTError error(TSTERROR_OK);
return error;
}

3.6 T7—RLEKOIIBDOABDRE

BAHMOANLTIS—IECRRBETSH, 518 LTES
NicA YAV ZADHRBEFOCHEUAIERALUTHD &
MREIEESND. COKSHBENERET B2 &IcLh [O—
R2] KR L SICAUIHERBERCTEL TREICL
BzHiTULEDIS—NSRBICERT S ENTRE
5.

d—FK 2 SIBOABDREF

int value = 123;

if (func(&value) == TSTERROR_OK) {
// value will be changed successfully

}
else {

// value = 123
}

37/\—ROx7DEL

Morikawa (¥ > TILE A7 TERELTE D AXRL —
TAVIIATLAREZFNBE T AT REREDES
LTWARW. ZD7cd, RIEBAEU 77 EAP 0 BRER
EZT>ILBEDEMEIFTRETH 3.

Ffz, Arduino BICHE SN0 75 ) OFEEHM
ICIFBABES LIRWERET A TH D Watch dog timer

22 BHIFOH URFICSIMIC & BEFZRLR T 2 & TABNER S NS Z ENHATRMICES
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ZOVFPIE2I—REHEOZA 77 UYRHICEATSZ
EMNTEBZWVDT, Morikawa Tl& Watch dog timer =
FALRZWL. Zh5DEfEIEX Arduino DOETREICHKTE
LT& D Morikawa TIFBARIREREZ1T > TULVRLN.

XA VEY21—)lIE Morikawa ZiEH T 2 ERESN
EHEEORICBRINICERZELETS. InicLh
Morikawa OFRBBREFEIFRFICEENDEEZINZ
Morikawa % Bitg1d 3 2 E M AJAE & %2 %. Morikawa D
BRNVMIE NS & CPU AEORIEL IR T PIERKMKE
AEY OREBIFFEFRSNITHEIND. FEBEIERICL
IR DREZANBNSATFT Y TD &S BEATERE
FTBHIERFTER.

3.8 ZH D 3 TRk

3.8.1 Morikawa lc& 73R

Morikawa (A J X k D{EW Arduino BIEDRES
BELTWRH/N—RU 7D 3 ARLETLY, vV
7Rz 7 TCORRIICE > TWS. FEHEMETIEHBEHR
DFET CPU PAEYDRFIFIRINLZDFT—FH
EXZDZEVNSIUTIVARY NOBRET B HET
RRICFE LR WBIERS | SEC S RIEEMEN'H 2. /\— RV T
7Z 3 IRIELETRERZIME IS &ici > TFHL
BWYYTIARY NOEEZEBWT DI ENTEEDN
IN—=RT T 7HE¥T 3.

382V 7huzT7DNRIL

N—=RDzT7ERRELEST IV I Nz T72TTRILT
256, 7OV ILREDOT—5 EETRATVRNDOT—
YBETTRIET ZHENH D, TAVTLAREDT—5 %
TURAL UTRKICEITT % 2 &1 ATmega 2560 TlEA
AEETH D, TNIFERD ATmega 2560 #FEHLTE
7922 EAUTHS. 7OV LXEYRICALZAO
T LEEHEEEUTESIAATEE, SERBIFIC 1
DEBEIRUTCETI DI EIEARETH SN 1 D&EIRT
2EEZT5 700 T LABBIETTRIETE R,

ETEAEYDOTRAICDOVWTE A/ SHEEN
ICEIDYTRBLIZAIPII YV DOARABRICDOVWTIRITR
ETEBRVWEHTLRIETE 2D IFHAEEINPRNICER
TZE2EMDHTHS.

Morikawa TIRZ7O7SALXEY DTRFTHT, =
TRATVHNOEEREHOAZTIRILLALTHEY Y
TIARY NOFEZRBIT 2 &2 BIET. EANICIE
AAVEY2-I)ILEDBELEBZERT 2THPRY 7
TIEEBRDREZHET 2E MG ETH 5.

383 C++ ERZRAWVLIIRILI ZR

MorikawaSDK Ti& C++ SEDT Y /L — Mg
FMELTEHD 3 TTR{ILZE1TS. TSTTrinity 7 5 X %#l
H92E7UIToTJZH % [O—R3] & [O3—R4]

DESBESHWMADHTIARILT B ENAREERD.
TSTTrinity 7 S XRBNRA VY EBICHERT DI ENT
5.

J—F 3 RAR{IEShTVWERWEEK

int 1i;

i = 123;

if (i == 123) {
// yes

}

J—-F 4 RR{EShIEH

TSTTrinity<int> i;

i = 123;

if (1 ==123) {
// yes

}

TSTTrinity ¥ 5 X EARERIC 3 DDOEHERIEL, KA -
HEYBEERETEIC 3 DOEHICTH L TEEERTS. 2
DOEHHE—T 1 DOEHNERLRBIHE, Blkic 3 D
DEHHIE—ICRDELDICEHRICI > TEEINS. 3
DOEHHINERFICERZRDBRICIFTVIALIC T DHER
IN 3 DDEHE—HIES.

TSTTrinity 7 2 XDERETIE 3 DOEHMEIE LT
BRINTEDIAVIAFTEINSDOEHEXEY LI
JEE ICHERT DHBEDES XEY BILICHEEN KRR
5B VITIARY NDBEICIFFIGTERL.

3.9 EBERTFOHRIL

3.9.1 BERFICLBHHEDEWN

Morikawa (7 —% &NEDEREFRF & U TRERMKE
XEYTHS FRAM, Flash ROM, Shared EEPROM,
ATmega EEPROM ZWELTW3. [F4] IZRT&LS
KNS DERRFIFENZNOREICISUEHRAHAES
V=T VA ERFo>TWS.

B Z1E FRAM (FM25V10) TER—IY DL S
VEILCT RLRAZIBEUVLTERD/INA hZ2ETIHRZ 5

x4 ERERRTOFH

FRAM Flash ROM ESE':F::‘:A ;r::g;
nE FM25V10 M25P80 24LC1025  ATmega 2560

KA NEERB e N—UBI 1B | WEEATE e
KA NEBAB e LI e i
R—YOBE &L B0 ®0 5L
R—UBERB x ke At ]
295 OBE &L 0 BL 5L
BEAHHOBE 5L BE 5L 5L

23 ATmega 2560 [F/\—/N\—R7—=F T I/ F v BOTTOTITLAXAEI ET—F Y IXEY FRDNTVNS
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EMTE S5, Flash ROM (M25P80) (T iF~R— D=
NHEOR=IEIC 1 ERFEZSADIENTES. BE
EEMZBICEEIVIEATOEEZERTLIHNSEE
ADRHENBH 56

Shared EEPROM (24LC1025) TIFHEETICLE
ZHRETHEIDR—IOPEZNHB D, R—IBATEZIA
DEBRICEZTAL I ENTE, AFICERFOFmZEL
I EMTES?. ATmega EEPROM (& ATmega 2560
ICNE S iz EEPROM THO AVR OF Y TYUEERE
P C EENSIFERDONA NATHAEZIT DI ENT
=58,

CDESICRBRFICE>TIVILT I EADAE,
R=—I D2 OER, BEORLEEBEITEVWDS S.

392 AV —T 1 —ADMRILDHEM

TV — a3 vHERERTRERTOEEZXRIT S
ZEBRL TF=2REELEVL, TF—FEHmAHELE
LW WS EMZERYT S, T TRERTOEEICED
S5TRALEVWVATT Y DORAEENTEDEFEIR
NEBERLY 7 MUz 7OBMNBMENALYT 3.

HAEESOHEZH—ILT 2 L FRBERFEHRL
LTWBZEERAETHD C++ SEBERVZY XD
AYPTFY 7L —rIZREBEHUEMNRB L Virtual
Machine DEEICEWTHRFICLDEHFDTEZLEL
TIWENRY Y VEBOERZIREICT 5.

393 MRk nfcr vy —"T7 1 —X

% Z T MorikawaSDK Tl& [#&5] OEEHIRICED
Z, TSTMorikawa 7 Z AMRD & S BRAERDFZHEE A
V=T —RERMHETBZ (XXX [F FRAM,
FlashROM, SharedMemory, EEPROM »'&4 9 %) .

K5 FERERFEHMRIEUIEREHIE

RIFRE RREHER
I\ M EAH R ENEEADBNEERFTI—ZIRY
INA N ERHAH R EDFHHADBNEERFTS—ZIRYT
~R—I DR R=—IYPA XZRBTEDLSICT D, FELAVWEZEF O
N—IBERAH NA hEZAHEHBEE LR TEENEIT S
L7 b0 <A UV A XERBTEDLSICT D, FELBWEZE O
BEAKFIOHEE RERTEHEIICALET %

unsigned long getSizeXXX(void);

e 2RV Xz 8 Y 2B

S51% 2L

RIE : 20T 1 X, RFNEFEELBWEEIF 0

unsigned int getPageSizeXXX(void);

BRE - R—I A XSS D%

518 L

RiE  R—YDOPA X, RIHBFELBWVSEIEE O

unsigned long getSectorSizeXXX(void);

Rt v YA X BB Y 2EK

1% 2L

RiE: 275094 X, BRHFELHEWNGEIZ 0

A CEE B 23

~ bool isValidXXX(void) const;
250 - MR RN E S D EHET 2BH
1% U
RiE : FIATEEARRIL true, 5 TRWEEIE false
~ TSTError writeXXX(unsigned long address, void const* data,
unsigned int size, unsigned int* result = NULL);
5% - RAM 8 EOEEDO/NA KNIDOF—45 ZEZADEEK
51%1 : address EZIAAHZFATDLRERFLOFTRLR
data EEAE RAM BEOT—IA\DRA V%
size EEALTF—5DHA X
result BRICEZAALTAX
RIE /A MIDEE LBRVWRYPEEDDERIGEREICIFTI—
~ TSTError writeXXXPGM(unsigned long address, void const
PROGMEM* data, unsigned int size, unsigned int* result =
NULL);
#2570 © ROM 8 L DERED/NA N DT —5 =& E AT B
51% : address EEAHEFAT ZEERFLOFRLR
data £E3AEL ROM HBHED T —F ANDRA > %5
size EERAET—IDHFA X
result RERICEZAAIZY A X
RIE | )\ MEDEE LBV EEDNRERISEREICIFTI—

-

TSTError readXXX(unsigned long address, void* data, unsigned
int size, unsigned int* result = NULL);
5 ERD/INA MNIDOT—5 Z AT B
51% @ address HAHAHZEFIAT DELBRFLOFZRLR
data 7—% %£5H#AL RAM BIEADRA >V %
size 7—% Z5HAL RAM BIEOH 1 X
result ERRICETAAATEY A X
RIE : N1 MIHDEE URBWEPRENRELLBEREIKIFIS—

~ TSTError formatXXX(void);
25« K% OxFF THIHLT 2 R8%
1% 2L
RIE : ME@ENRELIBEREIIEIIS—

INSOBEYEERUICRRERFANDT—Y DHAHE
2o /) a—R%z [O—K5] & [O—R6] ERT.

d—KR 5 FRAM \DOFZHHEE

/] RHEZIFESINYT 7
char data[600] = “write to FRAM!";

// FRAM HD3FIFTAIEED & S D HIE
if (Morikawa.isValidFRAM(Q)) {

// FRAM O£%i5% OxFF TH#IHA{L
Morikawa. formatFRAMQ);

// FRAM @ 100 /N1 RBEH5 600 /\1 K ZEZIAH
Morikawa.writeFRAM(100, data, sizeof(data));

// FRAM @ 80 /N1 hBEH5 600 /\1 N ZFHAH
Morikawa.readFRAM(80, data, sizeof(data));

J—K 6 Flash ROM \DOHEHEE

// HHEEIFESNYT 7
char data[600] = “write to Flash ROM!";
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// Flash ROM H‘FIFAIRED & S MHIE
if (Morikawa.isValidFlashROM()) {

// Flash ROM O£%8iE% OxFF TH#IHA{L
Morikawa. formatFlashROM(Q);

// Flash ROM @ 100 /\7 REHS 600 /N1 ~hZEEAH
Morikawa.writeFlashROM(100, data, sizeof(data));

// Flash ROM @ 80 /\1 hEMN5 600 /\1 k% F5dAdH
Morikawa.readFlashROM(80, data, sizeof(data));

3.9.4 FRAM O E%#

FRAM (FM25V10) EEEDT7 RLRADT—HFICT >
LTI ERTZIENTE, R=IPEI 5D
BEEINA NBATHRAESETOIENTEDS X
5] .

SPl TO#EREBRDFT—FFNCHEIL> THRAHAEE DM
A7 RLRZRETZ2RENHD. 7RLADEEE 1
ERDDADHENLWEHEDICT RLAZEEULR
ICERDINA MNZEXEZET 3.

4 128 256 512 640 768 1024

re i M

100 700
FRAM o 128 256 512 640 768 1024

Do S
80 680

free |} byte write / read Ll Page write / read - dummy write

K5 FRAM OFHEZFIR

3.9.5 Flash ROM DE%

Flash ROM (M25P80) l¥R—IEic 1 BERIFEZA
VI EDTE, BEESADBICRBEIIBLATDHEEEZD
BEID HAHHURTYILRT RLADSERD/NA
hgTREETH S [X6] .

SPI TO#EHLERD T—FFTHKIL> THRAEE DF
BT RLAZXET 20ENDS.

[ 128 256 512 640 768 1024

il -
Flash ROM 10 o0
as! 0 128 256 512 640 768 1024
L read _ I 0000 0
80 680

free |} byte write / read . page write / read |} dummy write

6 Flash ROM OFHHEZFIE

R—YVDOBENFEELR—IEIC 1 ELFESADC
ENTEDROT—YDEZAHER—IJVEBEATITSN
ENG . FEDOHBRT RLANSEZALHEICIERD
R—VEBREFTERROR—VERNSEZAHADRK
FRLRAETZHICMEL, ZNZ2ROR—ITEREL
TWB/\1 b%Z Ox00 DF = —F—% THTEY 5. FHEEE
DDF—FICDVWTRIR—I B TEEZAD.

24 gvr/eeprom.h 7 7 1 ILIc& £ % BE%E:

—EEEAARER—JICIFBEESADIENTER
Wizsh, EZRAATWINA MUCEHE T DERLIcR—Y
EEAVEE S NI TRITRIEWF R, EiREL aR—
VEBRTERWERR I — 2RI RENEBEEZRIET
%. MorikawaSDK Tld Flash ROM DO~R—IEDIKEE
" EEY 56T ATmega EEPROM D—ExR—I' Y v
JEULTHIRALTWS. R=II VT @IR=IEIC 2 By
KREFERL 1A RN T4R—VEEET .1 DEDE Y
MNIR—VDEEMEERL, 2 DEBOEY MMaR—INE
EAHBBEHIZRT.

O YBATOREERICHDICEY Y %Z 0x00 TLEE
ZLUREY MDY 0 KEESNZEERIEL, RITEY
FHEHEETWEEY MY 1 CEESINcZ & ERIET 2
ZEIRE->TEIIRDR—IDIEEUNRIIEIND. &
BEICRE L feR—VIEIEInTWS &R nflAT
=B,

3.9.6 Shared EEPROM DX %

Shared EEPROM (24LC1025) Ici&~— Y Dff=nt
BEULR—VEBIMBETS CETHERICEZTAD I L
N CERFICRFOEMZEET I EMNTEDS. £, R—
VEFBEITICERDT RLANS /N1 MBI TESA
HLTEDHOETHD. HARHUIETVTLBT RLANS
RO/ NTHRRETH D [K7] .

2C TOEmREBRD, NA NBETOEZAATIEF R
LAZZEELRIC 1T NANDT—F%EET . R—Y
BUTOEZAHATRTZ RLAEZEELRIC 128 /N1 ~
HIXIET B, HAHAAHTIETZ RLRAZXEUEED/N1 b
BaEZET 5.

r write . -

100 700
Shared EEPROM o 128 256 512 640 768 1024

D S—
80 680

free ] byte write / read | page write / read ] dummy write

7 Shared EEPROM DHE#HEZFIE

MorikawaSDK TISEED 7 R L AN SEZADHE,
R=—VBRICBIBWT—F I\ MBI TESTIAFN
3. ZETEIR—IDT—Y ZEERXEY IC—FFRICE
HAHL, BFHITBNA M EHRLVWT—F TEERZTR—
VEZAHZETDERTFOERZLEFEDZN 1 R—=I5H
DEERAAEYDNREELRS. ATmega 2560 (FETH
XEYDEBRNDBWEHICEFOERED HRITHEX
T DERNEELELNA NESAHAERALL.

3.9.7 ATmega EEPROM D3R

ATmega EEPROM & ATmega 2560 ICAEE viz
EEPROM TH D AVR ottty hv C EEZ17Z
VBMWSHRHEZTT DI ENTES. ATmega EEPROM
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FHIB AT

TRER—YVOBREBHTIT S VILB T RLANSN
1 NBATHRAEEETO>CENETH S [X8)] .

0 128 256 512 640 768 1024

el I

100 700
ATMega EEPROM [ 128 256 512 640 768 1024

D —
80 680

free |} byte write / read | Page write / read - dummy write

8 ATmega EEPROM DA EZFIE

ATmage 2560 IcNE S iz EEPROM T %716k
HEZILEVWTIZT—NRETDAREMEIMMES, AEICE
IR 7 ZI)LEBROREBOBELCETRRED
RELGENBIZIENTES.

3.9.8 ZDMOBEEDOXEY

Morikawa TIEETHRERMEXEUZHEHALTWSH
FUVEAREPRFOMAKEOE NS SRAM ¥
DRAM "R EDEHRMEXEY ZFHAT I EHEZI 5N 5.
ZDESRIFEHICEWVWTH Morikawa TEELTWBAT
V=T T —R%EBEIT B ENTE FRAM TOREIC
EWHDICRBEEZISNS.

3.10 J3E D

Morikawa ([FXAYEIVa1—ILICRBLTEEINT
WBTeHFEULBWSY A IV TERZYIMTES N 2 A6
MNH 2. FT—IRMBADAEY CTF—FEEEAATL
ZRETEREZVIMIND EFHULRWARES RS i
I HREMEN S B Tc s, BIROVIMEIICX 1Y EI 21—
M5 Morikawa ([THEBFHRT DX v E—IH@EHET N 5.

MorikawaSDK [$3Z{E &I D A A ILIBA THEFHIHE T D&
MEZETZERPRT 7S UEZREL, RUT7 T/
BANDHRHEZTBEFHOID ZINEBZ TS EHILES
BT I7ZUDNRESNTWEINE SO ZHERERT 5. &
BT 7SN RESNTVWIERICRELEBEBAETE
PHCAIRZRERT USBHIR T T —%RAT 5.

311 # EANDITZ—DIE

EITRICRELEIS— 2 EICEET 2FRIEE
SNTWBEETROFAEGDORRSEDFEIT &5,
MorikawaSDK TIEINTDIS—%#FEHDORDEEL L
TRUIZ—ZHEICHET DR AEEZFHALTHED,
F7Vr—y a3 vHERELRINECI I —ZEYICAE
IH5IEICELDTOTILOREIBTHRELTS—%4H
ERICIGET 2 2 ENARETH 5.

BESINIZ—IE Shared EEPROM @ F/\v 7' H
THFRANIYUTBICESADIENTE, AAMVEYa2—
TNy TRTFTFIANIY 725895 2 EHNAHE
T#H 3. 172U Shared EEPROM D#{ElcEWTHITT—

25 Morikawa.setText(TEXT_DEBUG, “something");
26 Morikawa.playMorse(NOTE_C6, “something");

AU Sy 25

HEREITZAREENHDH, T7—DRBEZE—ILR
EETHI LICKET 28R ERBEFROBTOEMLETH
%. MorikawaSDK (Zith EAD TS —X{EDEKMIRSE
HEICEBEESELBRVWOTTZ U Tr—y 3 VHEEEDRETIC
FEINTW3.

4 UTATIIVTDER

41 @EetTco) 70753V Y

WEREEEIULTCWSEEDY 7NV 7EEEHR D
ICIEWLS DD FENH BH, Arduino BIETH S
Morikawa Tl& Arduino O 7—kO—%%fBLEEY 7
N 7OEEBRINRE SN

Z DHEIFEERR Arduino & Arduino DFIRIEEE
EFRAWTH ETTOVSLA%ZRITIZHEEAETHD.
F Arduino O7—hrO—%%ZEEAAR ATmega
2560 % Morikawa ICEHLTHRE, tEMhSFHLWY
TROUTT7HEXEEL, XMYEYV2-IZENLTY 7O
IV ETS. ZBERNK Arduino 0OV IVY
DFEHEZDEFERT DI ENARELRINEEICE
BIT2YVIRNTTDHAZADNKELRDTPIF 1 7
RHEOEXEFIRZ AT 2BEICIFRENTIFRL.

%2 7T INVADER #£Tl& MorikawaSDK DiigR1t
SNz APl OFIRZENUVIMBOEEZRAW AT U T
TaVITHEZ S5SNI, MorikawaSDK Tl& Morikawa
ICEEHSNTVWEIINTOREZRIFTED LSRN
DHEAEDLED APl BEHMPHARESINTVS. IhSDE
BzEDESICFOHEINEWSFIEOHZ ) 7OT 2
VTR ET, EROKERDEFNGBRIEFIEZBX
B2 TOVSIVIERUHIRER D&
MATREE 72 5.

4.2 InvaderVM O#E

InvaderVM & InvaderVM Y Y VEBEERERTI S
Morikawa ZZ7Uo—> 3> 1 DThHd [[FEFA] .
InvaderVM (& [F6] IcR9 16 BDOL Y R4, 128 )\
A hDE—7, 128 XA bDT7OTZLXEYZF>TW
5.

& 6 InvaderVM LY R%

LYZY% &&l
ERRN API BE#ODT S —
FUNC IFTH Y AP BE%
RETV AP B8 DRfE
HCUR E—T7DREME
HEAP HCUR p48LRY E—TDRA
ARGO ~ ARGA AALYZY 0~A
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%7 InvaderVM 07 YT USE 4.3 InvaderVM DOR%
=—E=v7 ANTVK B InvaderVM ([ZMBO 7OV S LN 5 %5 128
END 5L TOY5 Lok NAMDTATSLAXEIVARADNY Y VEBEEEREITT 5.
NOP 5L A6 LA BELIRZIE 4 X1 8HD 32 By MEZEZFDFE LK
SET char, long long 1E%Z & E _9’_5 Z t 7‘3\_( g 5
SETC char, char char {8227 25w DERIFEEES APl BE O3 % ARGO ~
SETI char, int int (BZXE ARGA @I/:/\‘Zgjéfl\lj-?i}géné AP[ Fﬁ;&@
CLR char 0oy TSTError BAOREIF ERRN L Y X% (TS, AP
oV - B EMOERERTRELIIMIE RETV L YRS [CRINS
- R na nz. APl BSEIFOH T IClE FUNC L YRS IO
onL . R L7\ APl BB > 7y 7 REREL CALL oz E
JMP char Iy 792,
= 128 X1 hDE—T7XEY(F HCUR LIYRHFE&
JMPIF char, char ESC A . .
X HEAP LYZXF%ZNULTF7UV XT3, HCUR LY X%
JMPNOT char, char BERGEIv>V T .
e ) - lFe—7LOIREMEZER L, HEAP L Y R 7 (FIRENMNE
char i
DHRB%EET. InvaderVM [FE—7LEDNA K| EY Y
DEC char 1 R&E = — _
‘ VEBEUTERTIZHEEZR > TED EXC 9 ZETY
NEe o gEanE ZTETHNICERLIEY Y Y BEERTT S AL S
APP cher cher = TW3. %z, MorikawaSDK @ FastLZ [Eff / BT >
SuB char. char o Yy FFALT FastlZ LD EHEINZYIVE
MUk char, char = ETS 2 EHTRETH 3.
DIV char, char, char FRE
AND char, char SHIETE 5 |NVADER %jEEETo)g_éEIE t E‘Z%
OR char, char SRR
XoR cran e e 5.1 MorikawaSDK ZFIB U7 7 r—> 3>
NOT char EE
SHR o chor oot INVADER #£I(Cld MorikawaSDK Z=#fJFE U TEEX
shL o chr oo niz [&8] IERd 10 BEO7Z U —>g>ve& b &
. o . HEOAYTHYABI—T 1 U T« —bHERS NI
o IN5DF7 7Y —Y 3 >IE Shared EEPROM D2
LT char, char, char KDhEW GRE)
HME—RZIB/ET Z/XTA—529%ZFALT Morikawa
LE char, char, char L _
. DREEEICRIRLTETS NS,
GT char, char, char ESb -1 [] _ |\7] t [] _ }\8] LC MorikawaSDK %*U}Eﬁ
o char char, cher o LTHEREh7 7Y —> 3> DY —X 01— R%ERY.
WAIT char SUBELE
TXT long, char.. TEFIFHBE L A—k 7 HelloSpace
Exc tong ET7EIATIRELTCRA static char const hellospace_morse[] PROGMEM
COMPRESSED L EfSni707 54 = "Hello, space!";

static char const hellospace_speak[] PROGMEM
= "konnnichi'wa uchu-";

InvaderVM Y ¥ VEBEFEABW IOV S LAT—FET

MorikawaSDK [c&F 2 APl BB M ICEO T void HelloSpace_setup(void)
ZEMT s N 5 N >l {
(-\\(\:b T%%\Dxn-l-(%&?z% D (7] 19 &5 I/ __debug__(Morikawa.setTextPGM(
IZINDRA - BIBEEE - HELE - £HDIE - B TEXT_Y,
HFOHUL - XFIDFEAHAEL - E—=TOFAICHIGELT ; SEHOSPGCE—"‘O"SE
Wa. rétur‘r’u
InvaderVM ¥ ¥ VEBZ £ T % ICId InvaderVM —— }
EZv o ZzBWT IO S L%ZERL, InvaderVM 7

o void HelloSpace_loop(void)
V7S ERALTIVICILT B. {

. o stati . ‘ .
28 Morikawa.freezeFastLZ() B8% & Morikawa.meltFastLZ() BE%k
29 Morikawa.getBootMode() B TEEBTE %
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__debug__(Morikawa.playMorsePGM(

NOTE_C6,

hellospace_morse
), 101);
delayl@mTimes(300);

__debug__(Morikawa.speakPhrasePGM(
hellospace_speak

), 102);

delayl@mTimes(300);

return;

d—K 8 PlayMelody

static NoteParam playmelody_param;

void PlayMelody_setup(void)
{

TSTError error;

error = __debug__(Morikawa.getParamNote(
&playmelody_param

Jg 13

if (error != TSTERROR_OK) {
Morikawa.shutdown();

}

return;

3

void PlayMelody_loop(void)
{
__debug__(Morikawa.playNote(
reinterpret_cast<NoteSequence const*>(
playmelody_param.data
Dls
playmelody_param.size / sizeof(NoteSequence)
), 101);
delayl@mTimes(300);
return;

5.2 Morikawa OREIAT

HARRE 2014/02/28 @ INVADER #EDIT5 EIF
&, 2014/03/08 DEAT Morikawa M ¥l TEEIE 1
HelloSpace # 7V — 3 yHER{TEI Nl ZDEREER
BERERZITV, BEHINTWEZIRTOFZ T Tr— 5
Y ORBERZITo .

HelloSpace IC&BDE—ILARTESDZEEHEREA Y
£—IDF(E, SpeechText ICL B ENSERELIZX Y
T—IDHEE, PlayMelody IC KB M SETE U fo 3KE5E
MD3EZ, InvaderBot |C &% INVADER BE & D&EERE
MEEDERATH . SpeechText ZFIFFURD K SKRF
HEFDBAFERE T o 1.

fuuuuuuuuuu;;mu, ; poppo
tsukikibowo,0;0;00000chi_suchi_kuchi_suchi_kuchi;

pogosama; pogosama+poppo+poggo, ochitamuuuuun?
ku;biee?

HARM 2014/05/23 0334 I3y ¥y ayEY 21—
JL%E{E >z Morikawa D% 1 ¥ —i#2&lc & h I—0Ow /X

OGRS RIS 27

®x8 FP7Vr—yavel—74UT14—

&l ID RE
SelfTest 0 BRI CICEERTTS
Shared EEPROM @ TEXT_Y /XS X—% (T
q [
HelloSpace ] Hello, space! Enx_n';b.
E—ILARSTFM ZFE L
ZhICER, FH) Z2BEARU FM %593
INTX=%F (T
SpeechText 2 ?hared EEPROM @ TE)?T,X TR _9L
RESNICHNBRZERARLTFM %ET 2
h PROM @ TEXT_X /XS X =% (T
CodeText 3 7S ared EEPROM @ TEXT _. 7>(‘ f’lt.
BRESNABEZE—IATS T FM %(ET 2
Shared EEPROM @/ — K /XS X =% [T
PlayMelody 4 >hare i A
RESNEEZEELTFMRET S
Shared EEPROM @ TEXT_X /XS X—% (T
InvaderBot 5 FRESNFWMIFIC Space ELIZA HIHE L
TEXT_Y XA —F IOREZHRET
) 2EVHOTLANIT—IZHAICHK ST
InvaderMusic 6 _
EBULBREEEL FM XEY 3
Morikawa (CH#E#iE 17z CMOS A X %> T
InvaderCam 7
EH%#% U Shared EEPROM ([c&HZAE
RS A= T
InvaderVM 8 Sharec} EEPROM @ TE7XT,Z _7>< Zlc
RESNLYYVEERTTS
S = =
TR 9 2EVHYDOFLANITF—9%
B Shared EEPROM [C & EAE
EraseSelfTestLog 128 BEZWTA MOV 208 T S
FormatEEPROM 129 ATmega EEPROM % OxFF T#I#3{Ed %
FormatSharedMemory 130 Shared EEPROM % OxFF T#JH#itd %
FormatFRAM 131 FRAM % OxFF T#IH#A{Ld %
FormatFlashROM 132 Flash ROM % OxFF T##i{t ¥ %

EZET®D HelloSpace DETICHKIIL, I—0Ov /&b
D7 IF 1 T7EBRRHDSZEREEBDIENTET.
5.3 InvaderVM ZRWi) 70023204

InvaderVM DOEIEREEE LT TCAICEE, FH1 %
InvaderVM tTEifEes 8270754 [3—R9] ( [O—
K10] ) #RXEULRITI S &I LT

d—KF 9 InvaderVM ®7XAK3—K

CLR,  HCUR # load string into the heap
TXT, 11, <NUM VAL=3>

SETC, FUNC, speakPhrase # initialize registers
SETC, ARGO, 11 # speakPhrase() argument
SETC, ARG1, 3 # counter

SETI, ARG2, 1000 # 1000 millisec

begin: # while (ARGl > @)
CLR, HCUR

CALL

WAIT, ARG2

SETC, HCUR, 9

DEC, ARGl

DEC, HEAP

JMPIF, ARG1l, begin:

CLR,  HCUR # end while

TXT, 18, konnnichi'wa uchu-

SETC, ARGO, 18

CALL

END
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3A—K 10 IAVNRANENEYDVE B2 aAniES0 INVADER BEDME%E [®9] I
BEIhiEE%® [K10] IR

05 03 1f Ob 00 00 00 3c 4e 55 4d 20 56 41 4c 3d
33 3e 03 01 4a 03 05 @b 03 06 03 04 07 e8 03 05
03 08 le 07 03 03 09 0d 06 Od 04 @a 06 f1 @5 03
1f 12 00 00 00 6b 6f 6e 6e 6e 69 63 68 69 27 77
61 20 75 63 68 75 2d @3 05 12 08 00

o, BEEAK LS| O#EFH LIFtEeE=fBELTTL
ANYF—FZETH EICIEZ S InvaderVM 7072
LOENMEEERICHRINL .

5.4 MorikawaSDK O BEsIOFRES

INVADER #EICEH I MorikawaSDK (Tl
Shared EEPROM EDFFED/NA NG ZFRHAAE & &R
L= ICR2FEEPERIN. FEEGOREE
MorikawaSDK AMEBELTW3 12C S+ 735U DREA
ETHo I

DT 7 ZYIFEE Arduino [IB®D Wire 173
J30EHLEICIy YV EYa1—ILEMERNICBIETE
BL5CHESINIHDTHZDD, 0 N1 FDZEETS
EERIL—TICHEDRENHD. Wire 24T ZUTIES
DESBFAIFEESINTVARWZS unsigned BZEEH
ICEDEEEZT > TWBEMTI YT —TO—DFEL,
RIENY T 7A=N—=Z>&5|ERIL 12C BEEZHE
UTWREERTZ VAR LEZT 3.

d—K 11 {EE#

// I2Cm.cpp (twi.c)
static volatile uint8_t twi_masterBufferIndex;
static volatile uint8_t twi_masterBufferLength;

B 10 ®BEIhicEE

J—K 12 {BIE#

6 HEE
// I2Cm.cpp (twi.c) - e
static volatile intl6_t twi_masterBufferIndex; ARTSAT 7017~ &, 2014 EEZERMATH
static volatile intl6_t twi_masterBufferlLength; FAFEE HB/NBEEMNEE INVADER OfIs5 EIF &

ARTSAT 7014 hOEM, &&0 2014 FERHR
EBITERD MorikawaSDK THEERHTH B,  AMEORE OXEERDTEO SN

INVADER %2 CHAEAE R 3 LEEI & 03B HTAUE INVADER F%E PM =la =9 ® ARTSAT
PFONT NS, ii;;a kX 2 — & R DRI JE < 4L % 5

5.5 Morikawa Tigs S N7 #EK

HARERE 2014/04/08 16:28:18 (T InvaderCam @
EEEREMNThNizc. ¥EDKLE TH >z 160 *
120 ¥ X RGB565 7 #—< v NOBEHMRE I NI

BoHic 60 THEZELE ZZHERS LEFKEHLS
BEOEVCIIERINCDTIEHRET—VE2ZE
Lic& c2#EkE INVADER BEDT7 VT FHE>TL
S EPHIBALTc. FT TP F 2 T7ERROBAESBT
IRTCOT—5% 1 vBHFEONMNFTRELUL.

30 <Arduino>/libraries/Wire/utility/twi.c 7 7 )L
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% A

Power Module

Main Module

Mission Application
Mission Module
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Development of Anywhere Satellite Operation System (2)

Hiroyuki Nagamatsu®

Abstract

We are in progress to develop a system for automatic operation of a satellite in order to reduce human load at
satellite steady operation phase. The ground station for small satellite REIMEI is used as a test bench for verification
of the proposed method. The automatic operation system is nearly completed for downlink operations of the data
recorder that account for 80% of REIMEI steady operation. This approach is very effective to reduce psychological
and physical load of operators. To extend or complement functions of automatic operation system, we are also in
progress to develop a system for remote operation of satellite as an web-based application which is portable to
various devices, for example, tablet, smart phone and personal computers. With this remote operation system,
operators can monitor status of satellite and ground station anywhere. In addition, on receiving emergency call,

operator can send appropriate commands or operation plans by controlling automatic operation system.

Keywords: Anywhere Operation System, Automatic Operation, Remote Operation, Web-bases Application
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Abstract
Akebono was launched in February, 1989 and has attained the 25 years of successful operation without major
troubles. The VLF instrument onboard Akebono measures plasma waves below 20 kHz and plays an
important role to study plasma physics in the Earth’s magnetosphere. The VLF measures not only wave
spectrum in digital format but also analogue waveform, and the analogue waveform data are transmitted via
analogue telemetry. Huge amount of analogue data have been stored, but data analyses are not
comprehensively performed so far because of the difficulties of their peculiar characteristics. In the present
paper, we introduce current status of data analysis system developed for the VLF analogue waveform data. We
also address anticipated outcomes from these huge datasets.

WL

TE@%&@1%9E2EKE%¢ﬁWﬁL25¢%ﬁztﬁﬁ%ﬁﬁﬁﬁ%%ﬁbfwé.ﬁ%&m%ﬁén
7= VLF 388X 20kHz LA N O~ X< EOSERFUBIIZ 1Y L, 2 OEHENIT— & | 3R L ofi
BB RE 2 R L Q0D [REEEN, 7/5w7—&&bfmﬁﬁx«7%w®#Mtifﬁ< Varn=v4
T LA MUIZ XD VLF BRI 1T T D0, BERICERE S =7 a 7T — 2 1380 O OREES 5 5,
TAVE TR T SREE Cdo o 72, Ly LITFEOIERUEEEARORIBIZ L b2, 77— 2 DT VX ME0EF,
BT — X OBEEMIENSTREE 720, TR D DOREET — X & AW THIZRMAMEHND Z LB STV 5.
AGRSCTIE, 7 a 2T — 2 Oy AT LW B CWO D IERIE A OBUR A @G5 L L big, Zh
FCICER SN KA BRI — 2 OfATIZ L D IR SIVDHT LA = RZDW TR 5.

1. Lol
FIEOFE D T4 —a T &2 O DT T A<DNERA 1 = X LD % BENS, 77 A~ ddsiE b5~

T ARIA-RCEYs + W OFREEBIIZ O S LT, w%£ﬁ2ﬂ:ﬂzhf%mt ARSI S o S A
10,000km, ITHLSEER 300km, BLEMGRMEK 756 FECTHD. RELRICIE, EITES - BEsHEE, 77 X~
RifEHHPERE, A—n TG AT DIF), 77 A~ EEEE %%Tﬁ%i L, FDL=— 7 IHEDREZTED L
T, YWD HITH HDIREIIOI 5, a7 7 X~ E7e Lo « REERIC RO CH EERT — X B
BEFEEL, 15 D 25 FEARBIED U =2 07 7 X< i@l L ORlgc L Dk T
T3,

7T A< EE LR, 20kHz LL T ELF/VLF 0Oy 2 5HA4 % VLF % &, 20kHz UL EOEE
WA TR &nﬂﬁu XA T O PWS 3BT Bivd. VLF EEDOY 7 VAT LD—DTh DINHIR
ARY MVEAEE (WBA; Wide Band Analyzer) (3, 14kHz DL FOERE/-ITEROT F v F T — 2 % Bis
L, FOF—ZIT7 a5 LA M) THLEISE SN D, WBA 75— 213, #IERELE CBHI SN 5 2 FE%457: VLF
WENOFHITICKREBE R THAN, 7THa /5 —2Ra0R0 F O ORHES D2, FTXTOT—F Z R
fENT CE TN WS MR o7z, LA, IFEOFEMEREE I BB T ORI EARC L v, T—2 DTy
S IO ERY AT, K 90 2 E TER SN KB ET — % ORI Eybijf‘ooo&
%. ARSUTIE, WBA T—X OfffT o AT AOBINZRINT 5 & L HI, T—H2T 7R - fRAEREEOFEHIC
> THBIIRE SN DREFRGUZ DV TR RS,
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2. BIFEDIEEIRAY MVZfEE (WBA) IZL 57 — X B
2.1 VLF BljpkE
HEDRURICHEHE S 7= VLF Bhlgs 29
o7vy7XEX 1187, VLF %ﬁ?E'J“”

20kHz LI RO 7T X~ E@OERR Ay | VIF e nd Rewt ge

DT, BRI A Y CENICHE Lt)ﬂﬁ' F, 'J.‘_l;—-_

30m DERVA YT T HIZLD A £ :J_[H — e |

NDIEAZ 2 )5y, 5% 800Hz i b2 /1— ' .

77 77, 800Hz L F &Y —F a1 /Ul & 38: [I—D — T 2 "
T 8 Y OWES FIRE Tl 5. VLF B = 4 E YETT
HIZEDZAZENL 5 SOV TV AT Al /\73% . H:L e N :

THY, AFHCTRITT 2 WBA OAttiZ, o -

LTI A B L ABED VIP (Vecbor Bt T T -
Impedance Probe), 100Hz LA OB {ESE 8. O:D—‘ j PR
WOBMHZ#H Y3 % ELF (Extra Low 2. e -
Frequency Range Analyzers) , 8O : S

mAEE A HIE 3% PFX (Wave Normal 1 BIHEO VLF BHBEE— 1 » 2 [

and Poynting Flux Analyzers), 20kHz UL T

DEREHR AR SIVERET D MCA (Multi-Channel Analyzers) 2>HAERLSALD.

WBA LSD 4 SOH T AT KT, K TITRSND XN ETTosfbasin, 794071 A R & LT
HERIEEEND. ZAUSKL, WBA (38UST—# %27 a 771 A M) & LCTHLHrET 5. 20729, E
L7 MCA & WBA 13/ 3—9 2 EREHENREE I b b 67, 7 —2 OFRIECHIED R E e 2.

F7pbh, MCA DSER - A 1 Oy DFA TR v 7 AT MV, SECERIRICEI LT 16 7 L
DT ANEINT (N RRRT g E—) W, /7 VI — R IR ERE 0.5 FPCRIET 2 DIz
XL, WBAIZEREITHEROEL 50 1 G LIETERWRDOYIZ, 7 el OlgEr —42 2805+ 57
b, AEEORHN « FREfRAE TR FTRECH D, T OKHE, WBA X3 AT A0 |, T — % OiEEC AR
(RIZZEONBEEFRE 2 FT D128, T —Z T KETFRDR DD &0 ) RER S 5.

2.2 WBA & DR
WBA 137 e 7R Ch AT, T—FUBREAT OB, o7 V2 UiER & B DA 72 B LoD
M 24T 5 BN B 5. LTI WBA F— % DEHSE £ L 0 5.

1. #HTEO VSB 2k
WBA [ TERE -3 s 1Ak
Sy CRIE LT 14kHz LU OBGAE KL, R
20kHz O 7% U 7 % W CIRIEZETE - " iz
(AM) DO—FE T2 VSBZSi LT-E503% UL B DRAE L
HITL b, JTOBIAIT—2 DAY Lk,
VSB £ DAY VORI 217~

LI50 Chs. VSBAFL, RIS A N
U ADRAOBEHAINZ, 7Bt I
DR D—Fb £ CTEE DT A 55T 5 WOALEF LA RIS T &

SE{EHAT, WBA I FRIBHOT~T & AT

AR DA e ERARE LT, % 2 VSBAFDA A—VIX
EENT=T—HZ X VSB Z5l03 Do 7= £l R Citgk SN 57280, Z{E(E 514 20kHz %ﬁ_ﬁ (ZJERRSSS R
WA UTRRE CRlbk - FfESND. 20728, FFHBINSNIREND AT MVERDIZIE, 2D -7

EEDEHTFFT 2720, 20kHz UL FOJEHA~T Mve RIS T 00580580 %. *ji, TEORIE A
A DI2IE, — IS VSB AT IR N 6405 20kHz 0O v — 71 UG 752 T[RRI 24T 5 3036 5.
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2. F—HOiEHERE
WBA WERRT 27 Fu7fEE (VSBERSIIER) 1L, AROBREHE CTH D Z Enn, 15 4]
V3 EJRlzakE L=l DAT (Digital Audio Tape) 7 > F &2 HWT [EFEEHE LT BT —7Ths
DAT (Z851%, FHEI L THx OFTE7 NV —7"0 b EIZEE STz, DAT IZFisk Sz WBA 77—
X OEE, §928,400 RAIZED. FRITEITHOIZIE, £, T—7% 1 ARSODAT 7 v F CTHAET ZXENH
B, TROA—T 4 4T v XK DEFHEDTD, B0 AR BIIRRETHD. £, &7 —4
DOFFAIZITBHAFRRE & [F U720 0395,

3. KEFROT 2—R
WBA 57—#21%, i ERTREIERE LTT I a o4 A La— R3S 5. BRI, DAT 25
TEXDHEFRT—HDBAT LATHHL LTS Z LD, HF v U VSB EFRN -T2 F £ WBA O
HWESEZADL, EF v RUIEA La— REATTTHIETATUAEFE L Gokd 5. SN ZA
La— R, IRIG-A, IRIG-B, NASA =1— K72 BiBENECT — X BUSIREAIC L > T3 FED # A La— A
RIELTERY, T—72HAETDHECY A La— ROFEEZ R L TF 2— RETOMERDH .

4. WBA BLIKAE & OFRE
WBA (X AFBIT — 213 Bk 7Fra /5L A R L LTELNTL 5725, WBA OEeER, Wb
7% House Keeping 7—% (LT, HK7—%) 1%, olllgs AR, TUX07 1A M) ELTELR
TEY, FHfo SIRIUS (286 S5. WBA @ HK 5—4 & LTI, WBA @ ON/OFF [E#HOIEh,
o YofEE (ER or R Lo Wilsm (Bx, Ey 72Y), ZEMOTA U End5. WBA 13412
w2 WIDA LW 5 F v FEHHW-A— A var hra— (AGC) Z1T7-TEY, A AERIT—4
FIEDT=DICKEEE /e HK 7 — % Th 5.

2.3 HBUSL7- WBA 57— OithiEhE

DAT IR SN & =T —21E, ZOFEMRT — TR CIRET 5 &, T—7 ORI LV EFEeT—H2 3%k
PNARIN DD Z L0, EOT—T (ED/3R) \ZED X 5 IEEga Gk S T D E TR DI, &,
T FELRITIUIHEE TE 20, UL, T EPYIIET—7 %2 4L, 7oL —4#52F0DF
FEFT7ANE LTRETDIUIRENRETE, TUXNT—HEZTOEERETDH 2 LIHTE A ERARET
botz. DI, HHOT — XML MCA 7 & CBULE S 27— & M S 7z HRFA RO L, 54
D WBA 7 —# % FA U CRERIERIT 21T 5 HIENR I Chh o7,

UL Z ORI, JTFED/ Y 2 OFIRRMEREOEEAN A, BB Sz, 38413, BWRTT
—HEHRIHWTWE DAT 7 v X%, o Rh— REHBAATIHT A7 Sy 7Ry a @&z, 7—
B 2O CAD LT way 74—~y NOEF 7 7 A MIEHR L Gigkd 57 —Z iU EE Lz, ¥
U2 RH— RCHRIAATEE R %, 7V NVEFALT 28550337 7 RAA TR STV D —i7e g 7=
Rk 7 MU= T EMEH LTS, ZIUT XY, W2 TIE 2006 ELIKE, AD =—TF 2 « A L2 VRTCIE 2009
LD WBA 7 —42 3, BBNR CEEET U2 UbLSND K)o T. T o4 Mbsiizr —X IINZifR Tl
DVD TRl SNEIE T, T AL PROT—H 3%y NV —7 BRI THUSAMEL 7o 72

— T, FROEEIZY T L—ADMTONDLREINC DAT 12855 L, SFE7 N —7CHRE L Q=T —# 1,
T —THEN 20,000 AZHEZ 512D, DAT % 1 A35DAT 7w FII0NT T, 72& 2 24 BRI A%
T Th, 27 =207 V2 MUz 7e< &b 5 FBORIHZE L TLEH. ZORBEICH L~ 1L, 5T~
FIVOTE R MSIIZI Y AT Z L NFTREZ 2 A—T 4 A A v H—T =— A — K 9|2 DAT 7 v X DOH 25Tl
W95 2 LT, DAT %4 L= A 2[RRI A/D 28502 L C wav JEROHH 7 7 A V2 FHHRHICER Y iAT ey 27 I
AL LT, ZOVAT LDGER LTI Z EIT 8D, BURITFAET VA FOJETHERIZ DAT OFAEZITV, wav
77 A MELTZIET — 4 Zer~— RT ¢ A7 BT DAIEEDNEA TV S, BITEIE, I AREZ: DAT 7 > % 0h
BOHKIND 4 BOT vXEJH LT, ZNETITN TEHEIOT—7HAENET LTS, 27— OFANET
THETIL, & 1TFERVETHRIAALTHS.

708, wav JERUCEH L OE =T —H21L, Yo7V U T TREED 48kHz, 127 V7= 16bit, AT LA
KTk END. b bAERSINL T — 2 &I,
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16bit/sample/ch X 48,000 sample X 2ch = 1,536,000bps (1

THY, 1ERHESOBIIT—4 2 691.2MByte |ZFR4 9 5. ZNE TOBMIT —4 23 _XCTU2METHE, K
30TByte 81272 % & PRASND. BIEZNOOEFET —XE, YRS V—7MEAT 25 Raid HDD _EiZ, 85
it &SRB EATG Lo 7 7 A VA TERESN, vy NU—7 RCEER S aEM ) DRI e L iﬁot L
ML ZNBIIRITBRARIZE Y, VSBER SN - EOWET —& L XA ha— ReZOF it L2 oAT
HY, FEOT —HTEATOINE, BT —X OF 32— ROMERIE R EOVERELTH MERHDH. ZIHDH
HEZOWTIRE TR L B,

3. WBA 7 — X #FALER
3.1 WBA AT — R AL AT I

WBA ([ZIT 5784 T2 v 7 L VRO, ON/OFF 23810 % IC F v 7HaiEz: (WIDA; Wide
Dynamic RangeAmphﬁer) ﬁln’*ﬂ%ﬁﬁ\iﬂfk 0, ZAEEDTA v HEET 28 (A — oA a3y hr—
)L AGC) #A1%. WBA (23S 72 WIDA 1Z 1 fE&7-9 156dB D4 A > 110> ON/OFF 23]V # % TX,

3 MEHD WIDAIZ LY, =55 0)/74 > 0dB~45dB O TAE ATFETH 5. WIDA 1% 0.5s BRI %i@
1277 A2 WENORE A SR L C, R/ MEctl Bz 6hd. 22 fiTlR~72X 512, 2@ ON/OFF fEFH#IZ,
WBA O7Fa 7WE (7FFaZs LA RY) S35, WIDA 2374 > ON LT\WAEE LT O0~3 DfEis LT
HK 57— ZHh &, TVX07 LA R THLEIEES N TS,

WBA Citl| L7550 AR HI121E, = WIDA [F#IAVETH D, T2 ThRAIE, TVXVTLARY
735, WBA @ WIDA (28592 HK 5 —4 k& i L, PostgreSQL % W\ TTF =X X—RA &AL LT-. [FT—X
R ZXF L, REIE A X —ICBAEZ2ATV, 342D WIDA (H#E1557 7' r—y a UARAABSI OB
ERETHZ LT, WBAT—#0 b7 a— RLEREZ S LI, ZORENDT A AFRPEOND L) 1T/ T.
WO Z K 3 1~

3.3 FREEIET /LAY XA
X 3 \ORTUELL AT DG 5 Z L2k, BT —Z 07 A AR SIRTE 5 X H 1T/ o 7.
L75>L WBA 7 —X TRk SIVTOW DR, I RTS8z 4 A La— RThHY, TVXNLT LA RN %
Hriffod> SIRIUS (2% ﬁa‘éﬁ% _Hﬁénéﬂ%%*u R &1L, FENESCRNEIE, 512137 LA MY OESEIE
foe ERx IR D A TTIERIZIT LRV, 7z, HK 77— OWFREGHREEL 0.5 P CH D728, L Vi

DANREZIREEE C, FEBRIC WIDA Zﬁ/f“/r VE
WRAT—F |t Fr-F 1T
{DAT) waviE )

U0 IRZ TR 2 R E CE 720, Z D720,
iR WIDA AT —H% ADT —H_—A

EBILTWBA 7— 5 OREERIER{T> 2o
Th, FALOMBL s i =
Y TIVEL B, 2 ORIEAARS L, WIDA T e
DA LI B> Th ARY MLT— . P I }_‘
BER DR T OREET | T, - MR I | vmisial
) RDEERLE. DS ORI T —— T
‘,91«. | e Y A
fif e iy #0EEIE IE LBH L 7T L

3 WBA 74T RO 71 v 71X

"1 WIDA OASED 7 A L i%5HE 25dB T3, PFX 72 P 7HESHIFEN B % 9 70> TuH A3, WBA D
WIDA 7211336 P #%oOFEe 7 — 23 LV 15dB 23%24 & S, BREAWEECIE 15dB 28 LTV 4.
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413199746 A 21 HIZAY =—F v -x
AL VRTTEGE ST WBA 7—4% DAY AKEBOND WBANVLF

FMLTHDH. ZZTE, A Lba—ReTFa—

FL72#%, 20:16:17~20:16:27UT £ TD 10 B
MOWIET — #1126 LC FFT % it L CHEm L
T2 AT S VOFZR LTS, FET 1% 960
HTITo TR, KRfERE 20ms, Ay
fifhe 50Hz #FEHLL T\ 5D. ZOEPETIL,
WIDA {EHICEES BREEMEII T T
ZLIER W&,

XClE, 20:16:20UT EXZ AT RLOiE
FERNSTZ AL, FFON20:16:24UT 1@ X2
TED L-NYUIRDEETRRA LS. Ziud, B
A (20:16:17~20:16:27UT 13r) DIfHT
%, AR ORISR L CRZERO T A V3
15dB &< 72> T D, FHXHIC Z ORI
FIRERKE  FER SN TV TH 5.

WIZ, WIDA fEHROT —H _— A TFiEk S
T-HREINEHAE b LI, RERIEET T TR s
51T KXk v, WIDA OEWESIZ L L
TEEIMES N, BRI L~V DAY

MDMEBITNDDS, KEENE L 72 2 2P
BN, SREORESHT DA O, Ziud,
SR~ L5 12 EfRcisVT WBA 57—
5S4 A La— e, SIRIUS (286
SNI=T X NT LA Y OREIFRIZ DT D
RPNIMHET D HK F—Z A5 S -
SERDIT D DFERHNZ Y 728, DR
FIERCldat> CHREDS 165dB /& <MfIESH,
WO KA I EA THI$I2 15dB &
WEEDAXRT MDES T LE SO TH
5.

ZIT, ZOLTHRFEIOTNEMIEL,
1IE U< BEMIEATT O 720 HERHIE T L3 )
A%, B8N L. LUFICFEERT.

1. WIDA OEEEMNZEAL UT=Ri% & s
\Z, A% 0.5 B GH1BM) o7 —#
\ZHOWTC, FET %217 7= R (20ms)
AT, 100Hz~10kHz OJEHHEcHH
\ZHUT DR AR 5. BREE LD
HFEiRAEIX 20ms Th 5.

2. WFEFMINZ, Riftg 2 520D 5 irfF

(100ms i) OF—X%fEi-~7T, T

e970G2107 ESE Eyw

frequency[kHz]

|25,

21 (] AL [ 207823 TEES

UT [hhmmss]
4 BREERHIERTD WBA A7 R LOB

2MBET

AKEBONO WBA-VLF
07062107 ESR Ey

-
E=]

frequency[kHz)

0
81T 20818 g 201621 201623

1625 20837
0T phmmss) £
5 WIDA BM{EEHICESS S FREERHIER DAY b L

(FEZIHIEZAT 2 Al

AKEBOND WBA-VLF
e37062107 ESR Ey

3]

frequency[kHz]

Mg iy L !

LIT [hhmmss]
6 WFEIMHIEZ DAY ML

AL1EAE FMEFT

PR T — R AT AT T A NABIFE 2T

3. AT ATV T ANZEE LTS & OFEEVORERYIIT— 22kt L, BUHELLEOTREZ L7 S50 %,
WIDA OEMEENZM L U= L [RIET 5. BTV AT AT, BifEE WIDA O4 A T b 15dB D=
3D T5ABIZERE L CHIEL TRY, ZIVCTREZRREMGHILTNS.
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DX D IMERAEAT ST, K572 WIDA B EE DT B O KA ZRE L, AT MV ZHIE L 7-RER 2 X
61~ 7. KLY, WIDA OEWEED ST ABEINL, FHOJED LT T ORI TS, R AR
RVIRA L= RIZHEGE SV CNVD. 7238, BEAHD 20:16:17~20:16:27UT (Fr ORI C, 10kHz XV &\ &R
B R 753‘%%% \EL o TWAD, ZiuE WBA Z(E8ASKD LPF OFETH 5. FIUTKEL, B DI

H1X WIDA 12 X DHERS NSV 2DIZ, WBA DHOHINERDO L~V NE L, RECEE LIHESIC
LPF %r@xﬁewx IpoliiehEEZ LS.

[F7 AT ZLAOBHIZE Y, WBA 77— % SRS 2L L 7o 7 — 22O\, TREEHTERER O A B ks
FHL, KEZEMEIN WBA 7 —% O rIfAl & N8R 72 B B AT /3 TR & 7 o 7=

4. WBA 7—# %Il L= — S T4 e DI & e
41 AT MT S OTZERA 2T Offfr
THRAA 271, BHEATRY LR

AKEBOND VLF-WEBA

AT VLE H DA 27V AR R BRGNS, 89102904.512 sensorB2 PA
R 222 & T TFH 7T A~ e s 15
BB DD, HNEORIRTIE “
_wﬁtﬁT4Z7mﬁ%_xHéhfw 7 10 o
5. HIFIEORETWBANZELZERE 2 P
WA 25 Ol 717 g .
W ORAET S X b s § e
20kHz LI FOERGKIT, 7T A~ DRI
DT, ThA ATF— REMTNAIE L o JHE S WA
Lé{ E?E@Eﬂjjﬁ A& 9}% Ejﬁ L;; 144129 144131 144133 144135 144137 144139
ISOAGHE L, 2 OASHEREE 3 &L 0 AR UT [hhmmss)
FIBDIE S BHRN L O RIENDS 5. € 7 BIFIEOHE WBA TS HE
O)ﬁ%’ %ﬂ?ﬁ”)ﬁ@ﬂi%ﬁﬁ@Yﬁ@&%GC@J gﬁiﬁﬂ_\‘/f X ?0)2/\07 }\/1/

L, ENWVTERBEROENEIET D Z Lo
b, RTITREND XL, A7 ar T4 T V)] OFEEARSEIIRIRE 725,

IRA A ZWUACHRIRFH] ¢ 3SR f DWW DRHERRF D, BEIRAA 2 T3, A & AR
PRATTRED ZEAFHILTND.

t=— @

T 2O D B A AT DIEEBEEOE SN ERT/RTA—2THY, [ LMEINS. HEFRA A
?@4&%&%&75% IR D VIR S DIGHRIEEEN R 72 DIE ERE L 2%, £6EE EOBETEENRKE N
, TEKD IIKREL 70D Z & BEERINC L < EHILTNA.

TEOFTRITHEGERE 75 FEC, FALEEREARE) D X 5 2B TR 223, 1 JARMuEOMICELIRAA 27
#@Fm_ﬁ@énégmﬂgﬁﬁ%hé.T@Tféhéio_,W&xfﬁ%th«abwé,ﬁﬁéﬁﬁ
B f OFVSBOWEI B &z Tl LET L, BEESA A7 XERTRESN, Ol D ITEROEE O L
TRODHZLEINTXA.

& LT, DMESHIH;WBAT@mﬁﬂéﬂt@tﬁT4x7@ Y D ORI OB 2 X 8 127
R REEGEIC IR 72, BERRA AT O D ORI L THh 5. F2X 912, [FFRTHIZRT 2 HITFIEOM
EOWLE%, EﬁaﬁﬁﬁF@Pﬁ B LT T 7 &, M IREEHRREE, BRI n— VS A DER ST T T 7D 2
PR CRT. 2O, HIHEORRITACEER SRPEERIZ D> TRAIL TRV, ZORICHRIRAA 2T D455k
DL 5081275 20 sV2 £ Tlrx g LT A, 372bb 2 @4A/Ffi HIHFEOFEEITII TS < I
AL TRV, REERICHEIR 2R OBEIRA A 7 DMEEBGE I > Gl Sz 2 L 3bnnd.
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BRIZ, T8 RERLFRA AT D

SYBAEARAT OIS BRIV C 5. 46 91080102.501

WZIRAR7-8 Y, EEIRAA 2 Z 05 8dE : | | | |

D3, (GBS EZ T T < ABHBEIc 140 | -
IR TZB RIS BRI 572, T2k 120 | i
Z IR HEH A E CORBERF U T,

I ORI R & LIRS 720, 100 - .
TRA AT E— ROWEOACHEEEE- S g 80 4
M, LA bAoA 7 6nin) ks L oo | |
FIVN5 & CERINICESIRTHE T 5. ® .l |
Tpbh, MEREKEOE TEE T 1>

7 ANERERIBERT, HAATH 20 | .
DLA AT ELTY N, ﬁfﬁ%ﬂ)ﬁ(: 0 | | | | |

o T S T8 D O R Ly 061352 062128 062903 063639 064414 065150 065925
FEET DB FEET 0T 7 A DG UT [hhmmss]

MAUE, Wi Gl e & 202 BRG] .

N7 0 —r LI FHRRE T 7 5 A L X8 1991 4-8 A 1 HIZ WBA THIlIE 7=
2,1 JEEEEAT RS HND T LT TR A A7 D43 D ORFEZA b

5.

DX D TR R
LRI, Fox DI N—TTIET TS,
MEATR A= a O B THILE
JAMHIRE ZN Tz VLF DA A
fFrEblIEZomEIE ETZEL, £
DACHREEZ LA LA 2o 7 CRE
% ET, WEENOE EETa 7 7
ANERDDZ LI LTND 9. A
AIMEHIE GPS DRI Y 1997459
AR Sz, FRLigoT—4
VX U C R A2 w5 2 1R
AREE IR o723, FAURDD T —N
NS LT, 25 SEBIChI=5
WBA (2 XA E#RAA AT, FE
WICEREB A bND. BIfE, Bxl3EH
RLFARA AT T —4 % T i e
OFtZ, B 9 & S 0D )5 o
HEDTEY, STV, BRI A~y 9 199148 A 1 A 6:00:00~7:00:00UT D HIHEDFEEOE

MEHTIZ D721 CNE 2N EE 2 TNVA.

Akebono {EIDB-D] Orbit
(in dipoler gecmagnetis coordinabs)
91.08.01 0800 — OYOD TUT

( e2Bfion, 30.49°N, 10.08°F) et 0800 UT
[ 40@dicm, B4.853°8, 18.01°E) at 0700 UT

4.2 SH%OME

WBA 7 7T — % DTV 2 MG DT — 2 ERENIRA A, [FIRH S AR COMMERIEN Y AT~
T AV IVATRAD LD T8 o7o 2 LT, IH] - JEEE M RREI A L7 WBA 7 — % Z WA A A F 72 8D
T & ZOIIZD EPNEHE OB HH, WBA T—F 0 0FEHTE S X 5127051208, FkA 2%
STV,

T3, AGRSCTHIT LT ERE T V2 U XA, FET it L7220 AT MLT—H IR L TERITH DM,
BT — 2 T DRIEEIXE ML LT, HARFEDRIEICRHME LT, 71 V2L LT-KRE % FFT
DFEFIDIRE LT, WL~V CHERIET 5 2 SIIFBRICRETIES 503, 1 KEHLL Bz - GEfgiIz
FLBRS IV TS VSBESRNS o T- BT — & A5 2655 T, WIDA D7 A 30 B> - 2 FIE L,
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1 SN A 7 SUFRE AEIINTATZ AERNERS 27 A afer Laitius, 3t TB I RS KET—2 %
ATT A VA « ERHIET 2 Z LIIRATRETH 5.

FIARLTHIRANZ L H1Z, DAT IR T —F D=0, BESEERZ LooH Y, T2 DAT IRk Eh
TW=T =X O—ERD, T—7 OB K 0 G REEZ 72> TODRTER H 5. BYRNIZIE, T v RUTH
FENTND X A La— RMEERIEDOEAZL ST, T a— R TRV SFET D, EF v VR EAT
WHEWS Z LY, ETF—HZOLOLEATHD AL H DA, TOMBEARNTY, BZEE TE 22
MY, RIS T 20— R CE AR ORENEHRD A DO A THEEIT I MER DD, DX 5 Bk
X =T —F OB DS HOETH 5.

%12, WBA 13 14kHz LA T O 24~ Tl L7 G (Z25 T 5 Z L, P 7 o v 280
ZTERIL MCA 72 IR TH & T —X D SIN ENBL 2V RiZ, 7Fa 77 L A b I L DEE0imkE
THHEENEET A0, HAREOREIGE L AT ~T ¢ v 7 ITHH U720, BT — & {8 s T
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Verification of efficient earth observation data processing which utilized the JAXA Supercomputer

System

Norio Saito*!, Susumu Saitoh™, Tatsuya Fujisawa®!, Toshiaki Takeshima®!, Tomoe Uchida*2, Makoto

Imanaka*2, Tomoo Ymasaki*2

Abstract
The effect which utilizes the JAXA supercomputer system for processing of earth observation data has
been studied. AMSR-E products, which are accumulated over 10 years till the present, were used for
data. First, it was verified that the quality of the processing data by the supercomputer system was
equivalent to the standard product offered to the users. In process of verification, the subjects depending
on a compiler or a processor architecture and those depending on the mathematical model of an
algorithm were found out. The possibility of the improvement towards the future was discussed about
this point. Next, the processing performance was evaluated and we found that reprocessing of all the
data in which about 14 months was required can be considerably shortened within 22-day duration.

Therefore, it is expected that the waiting period which offers data to a user can be shortened sharply.

Keyword: Earth observation, data processing, super computer
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Development of High-Performance Data Analysis
Software, Sakura, and Its Application to ALMA

Takeshi Nakazato™, Kanako Sugimoto*!, Wataru Kawasaki™!,

Shinnosuke Kawakami*l, Kohji Nakamura®!, and George Kosugi*!

Abstract

We have been developing a general-purpose library for scientific data analysis
software, Sakura. A noticeable feature of Sakura is its modern design optimum for
recent CPU capabilities such as vector operation and multi-core. Based on Sakura,
we have made a prototype application to reduce single dish radio telescope data
taken with Atacama Large Millimeter/submillimeter Array (ALMA) for evaluation.
We found that Sakura-based application is able to reduce data 10 or 20 times faster
than existing data analysis software for ALMA. Our result indicates that Sakura is
able to improve processing speed by making maximum use of CPU capability.

Keywords: ALMA, data analysis, high performance computing
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CDF data archive and integrated data analysis platform for ERG-
related ground data developed by ERG Science Center (ERG-SC)
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Abstract

The Exploration of energization and Radiation in Geospace project Science Center (ERG-SC) has developed
the science data file archive and integrated data analysis tool for the ground network observation data of the
ERG project. We have organized data design consortiums to develop and elaborate the standard metadata
and data variable sets for each type of the ERG-related ground data being archived as Common Data Format
(CDF) files. The integrated data analysis software for the project has also been developed on the basis of the
Space Physics Environment Data Analysis Software (SPEDAS) which works in concert with the CDF data file
repository. The software tools, which are provided as plug-in libraries for SPEDAS, are made available to the
international science community so that scientists and students are ready to proceed to integrated studies
combining the ground data with other satellite and simulation data seamlessly. The integrated data analysis

software can make scientific activities more productive and help the ERG project achieve the scientific goals.
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1. INTRODUCTION

The Exploration of energization and Radiation
in Geospace (ERG) project is a science project
which seeks to explore dynamics of the Earth’s
inner magnetosphere with a special focus on how
the radiation belt particles are generated and then
lost by various interactions between particles and
electromagnetic waves in the course of space storms.
To pursue its scientific goals, the ERG project
proceeds as collaborative efforts of three research
elements: ERG satellite observation, ground-based
network observation, and simulation/integrated
studies. The satellite is going to provide in situ
measurement of particles and electric/magnetic
fields in the inner magnetosphere, while the
world-wide network of ground-based observation
consisting of, for example, ground magnetometers,
ionospheric radars, optical instruments, and radio
wave receivers, will supplement the single-point
observation of the satellite with the global picture
of ionospheric currents, electric field, and particle
precipitations. Both observations will be compared
from various aspects with numerical simulations/
modeling that reveal important physical processes as
well as their spatial structures. Close collaboration
of these three efforts, leading to integrated studies
on dynamic phenomena in geospace, is a key to
comprehensive understanding of relativistic electron
generation/loss resulting from cross-energy and
cross-regional coupling in which different plasma
populations dynamically interact with one another
as well as background electric/magnetic fields. A
preliminary concept study for the ERG project was
reported previously Y and a more recent, detailed
review of the project was also published ?.

It is essential to combine effectively the three
different kinds of data for better understanding
of the dynamics of the inner magnetosphere.
Moreover, facilitating integrated studies combining
them in the international science community is

crucial to maximizing scientific output of the ERG

project. Taking into consideration this concept,
the ERG Science Center (ERG-SC) has launched
and started developing key elements of a science
center. After the preliminary development of science
center functions at Solar-Terrestrial Environment
Laboratory (STEL), Nagoya University, ERG-SC has
been established in 2013 as a joint research center
of space science operated by the Institute of Space
and Astronautical Science (ISAS), Japan Aerospace
Exploration Agency (JAXA) and STEL.

Figure 1 gives a schematic diagram of the ERG-
SC framework by which we bundles the various
data and provides a useful data analysis system
for the science community, and collaborates with
other projects. As stated above, the ERG project
data consist of ERG-satellite data, ERG-related
ground data, and ERG-related simulation/modeling
data. Hereinafter, the latter two data resources
are referred to as ERG-ground data and ERG-
simulation data, respectively. All of these project
data are archived in the science data archive at
ERG-SC and are made available to worldwide
researchers and students for their scientific
activities. Also developed and then released by
ERG-SC is integrated data analysis software which
provides data users with a unified way to access
online, read, manipulate, and visualize various

kinds of the project data seamlessly.

2. ERG-GROUND DATA

As evident from the schematic diagram in
Figure 1, the science data archive and integrated
data analysis tools are the core components to
promote the ERG science. Since the ERG-satellite
data are present only after the satellite launch in
2016 and the archive of the ERG-simulation data
are still in the design phase, first we have developed
the core components with the ERG-ground data. So
far the ground-based observational data listed in
Table 1 have been incorporated into the integrated

data analysis platform.
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Figure 1. A schematic of ERG science center framework. All science data of the ERG project are archived by
and released from ERG-SC. ERG-SC collaborates with other projects in terms of both technical development
and scientific coordination. ERG-SC also promotes the science activities of the ERG project through planning of

observation schedule and campaigns as well as holding scientific workshops and training sessions for the science

community.
Table 1. The list of ERG-ground data archived in the CDF data repository of ERG-SC.
Data name ObserYed Tlmg Observation site Data provider
quantity resolution
210MM magnetometer | DC geomagnetic | 1 sec Japan, Russia, Indonesia, Australia, etc. |A. Yoshikawa,
chain data field vector 1 min 33 sites for 1 min/1 hour data, 5 sites for | Kyushu Univ.
1h 1 sec data

STEL magnetometer |DC/AC 1 sec Japan, Russia, Indonesia, Canada, New [K. Shiokawa,
data geomagnetic 1 min Zealand. 4 sites for 1 sec data, 6 sites for |STEL, Y. Obana,

field vector 1h 1 min data, 5 sites for 64 Hz OECU

64 Hz (AC)

MAGDAS Geomagnetic 1 sec Asia, Pacific, North America, Australia, |A. Yoshikawa,
magnetometer data field vector Africa, etc. 1 sec data for 16 sites Kyushu Univ.
SuperDARN common | Ionospheric ~1 min World-wide, mid. to high latitudes SuperDARN PI
time fitacf data plasma groups®

convection

velocity
OMTT all-sky imager |Aurora /airglow|~1-2 min |Japan, Canada, Russia, K. Shiokawa,
data image Indonesia, Australia, STEL

Antarctica, Hawaii, Norway (15 sites)

*The list of SuperDARN PIs can be found at the Virginia Tech SuperDARN website at http://vt.superdarn.org/
tiki-index.php?page=Radar+Overview.

Figures 2 to 5 provide location maps of the sites of 210 Magnetic Meridian (210MM)

observation sites where the observational data magnetometer chain data® and those of the STEL
listed in Table 1 have been being recorded. The left magnetometer data® respectively. 3-dimensional
and right maps of Figure 2 show the observation vector geomagnetic field data with 1 minute
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Figure 2. The location maps of magnetometer stations for (left) 210MM geomagnetic field observation and

(right) STEL magnetometer observation. Both maps are drawn in the geographical coordinate. Dashed curves

superposed on the 210MM map show 190, 210, and 250 geomagnetic meridians as of January 1, 2014 based on the

International Geomagnetic Reference Field-11 (IGRF-11) '.

resolution obtained by fluxgate magnetometers are
available for all of the stations and those with 1 sec
resolution are available for the selected 5 stations
(CAN, KAG, KTB, MSR, and RIK) as ERG-ground
data. The STEL magnetometer data are obtained
by fluxgate magnetometers with 1 second resolution
(in operation at black points on the map) and/or
induction magnetometers with a sampling rate of
64 Hz (at red points on the map). Both fluxgate
and induction magnetometer data are provided as
the ERG-ground data. Detailed information on the
210MM and STEL magnetometer data can also
be obtained at the websites at, http://stdb2.stelab.
nagoya-u.ac.jp/mm210/, and http://stdb2.stelab.
nagoya-u.ac.jp/magne/, respectively.

Figure 3 is a location map for the selected 16
magnetometer stations belonging to the MAGnetic
Data Acquisition System (MAGDAS) ?. The vector
geomagnetic field data with 1 second resolution
from them are available as ERG-ground data for the
science community. Combining data from all of the
three magnetometer networks together allows for

an extensive spatial coverage of geomagnetic field
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Figure 3. The location map of 16 selected MAGDAS
magnetometer stations from which 1-sec data are
provided for the ERG-SC CDF data file repository.

observation. These ground magnetic field data give
us the crucial information on the global distribution
of ionospheric currents and low-frequency plasma
wave activities which reflect dynamics of the Earth’s
magnetosphere and ionosphere. One can obtain
the comprehensive, up-to-date information on the
MAGDAS project and its data from the MAGDAS

website at http://magdas.icswse.kyushu-u.ac.jp/.
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Two kinds of 2-dimensional data have joined
the ERG-ground data and been made available
from ERG-SC. One is all-sky airglow and aurora
image data obtained by the Optical Mesosphere
Thermosphere Imagers (OMTI) system ® The all-
sky imagers have been deployed at both domestic
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Figure 4. The location map of OMTI all-sky imagers
with a rough field of view for each imager. Here the field
of view is illustrated simply as a circle with a radius
of 500 km whose center corresponds to each imager
location. The cameras at Ithaca (ITH) and Syowa (SYO)
were operated only for June 28, 2006 to April 16, 2007,
and March 1, 2011 to October 1, 2011, respectively. The
camera at Yonaguni (YNG) ceased to operate on May
7, 2013 and then it was moved to Ishigaki ISG) and
resumed the operation on April 22, 2014.

Northern Hemisphere
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iSRS B 79

and oversea sites as shown in Figure 4, and been
producing 2-dimensional optical image data
typically with ~1-2 minute resolution. Detailed
information on them, such as the observation period
for each imager, can also be obtained from OMTI
website at http://stdb2.stelab.nagoya-u.ac.jp/omti/.
The other one is the ionospheric radar data
obtained by the high-frequency (HF) ionospheric
radars joining the Super Dual Auroral Radar
Network (SuperDARN) ”. Their fields of view are
illustrated over the globe in Figure 5. Over 30
radars of SuperDARN are currently in operation
and provide us with the fitacf data (echo power,
Doppler velocity, etc. derived by fitting the raw data)
obtained during the common time mode, which are

available from the ERG-SC repository.

3. STANDARDIZED DATA FILE FORMAT FOR
THE ERG-GROUND DATA

The primary tasks of ERG-SC include
development of (1) standardized data file format
and (2) program codes to import data to the
processing platform of data analysis software. Each
standardized data file format was developed by

designing metadata elements and data variables so

Southern Hemisphere
.ﬂr-ll‘i-‘ Fe,

Dul-of-Service

Figure 5. Fields of view scanned by the SuperDARN radars currently in operation in the (left) northern and (right)

southern hemispheres. The fields of view are categorized into polar cap radars (green), high-latitude radars (light

blue), and mid-latitude radars (red). This radar map is available online from the Virginia Tech SuperDARN website

at http://vt.superdarn.org/tiki-index.php?page=Radar+Overview.
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that it could be commonly used for all data of each
instrument type. The present paper describes details
of the resultant products in the following section.

First we describe the concept of the standardized
data file formats as well as how to develop them. We
started to develop the data file format by organizing
a data design consortium for each instrument type
of the ERG-ground data. Various topics related to
the data archive were discussed in the consortiums,
such as suitable metadata/data variable sets, data
policy, data file format, practical issues on data
processing. First the consortiums for geomagnetic
data and ionospheric radar data started off and the
similar consortium for all-sky image data followed
later on. Those consortiums consisted of the ERG-
SC members, the instrument groups represented by
principal investigators (PIs), and some researchers
who have extensive experience in analyzing the
particular types of data. Considering the ideas and
suggestions from the consortiums, the ERG-SC
members took care of the actual development of the
data archive and the associated program coding and
data processing.

Discussions in the consortiums were primarily
devoted to detailed designs of how data of the
particular categories should be archived with the
comprehensive but concise metadata and data
variables. As a result, we adopted the Common
Data Format (CDF) as the data file format (http://
cdf.gsfc.nasa.gov/). CDF is a self-describing data
format that has been released and maintained
by National Aeronautical Space Administration
(NASA) / Goddard Space Flight Center (GSFC) and
widely been used to archive many satellite data in
the solar terrestrial physics community. This file
format can contain metadata and various types of
data variable in a single file. Data files in CDF are
endian-independent and can be read by various
programming languages and commercial software
on all of major operating systems because the library
codes to read CDF files are made available for them
by NASA/GSFC. Therefore, providing data files in

CDF allows for a ubiquitous access framework with
which to analyze the data on the end-user side.

The next task was to design what metadata and
data variables are needed to well accommodate the
scientific data and metadata of each observation.
As for the metadata, there has already existed
the standard metadata list released from the CDF
website, called the International Solar-Terrestrial
Physics/Inter-Agency Consultative Group (ISTP/
IACG) CDF guidelines, which are suitable to
describe the general information on various data
and observation. We adopted them as the base of
metadata for our data files and further sought to
supplement them with some specific information
necessary for actual data analyses. Naturally these
data analysis-oriented metadata are different for
different types of observational data. Thus we
discussed what kind of information, parameter,
description would be needed for each data and
summarized them as the self-sufficient set of
metadata which could be commonly used for each
type of data. In contrast to the metadata, the design
of data variables is more or less straightforward.
Basically we designed data variables for CDF files
as they were stored in the original data files. In
addition to data quantities readily used for research,
we included some engineering data associated with
the instrument operation so that data users can use
them to check the validity of the observed data to
some degree by themselves.

In the present paper, we show the typical
set of metadata and data variables for ground
magnetometer data in Tables 2a and 2b and for all-
sky image data in Tables 3a and 3b, respectively. As
for radar data, the metadata/data variable set for
the SuperDARN data has already been provided in
a separate publication 9,

Tables 2a and 2b show the metadata (also
referred to as the global attributes in the CDF
framework) and data variable lists, respectively,
for 1-minute resolution geomagnetic field data of

the 210MM magnetometer chain. The metadata set
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consists of the ISTP/IACG-standard metadata and
those added by ERG-SC. The former are labeled
with asterisks in Table 2a. They provide general
information on the data set, such as the observation
project name, brief description of the observation,
instrument(s), data, and contact information of
the PI. The data policy statement is stored in the
“Rules_of_use” or “Text” attribute. The latter,
namely, ERG-SC original metadata include more
detailed information which is useful or further
necessary for actual data analyses. For example,
“Geographic_latitude”, “Geographic_longitude”,
and “Elevation” provide the exact location of a
magnetometer and data users can easily know the
location in geomagnetic coordinates by referring to
“Geomagnetic_latitude”, “Geomagnetic_longitude”,
and “L_value”. We also added “Data_sampling_
type” and “Time_calibration_method” so that users
can know how the raw data were sampled and
averaged and how accurate the given time labels
for observed data are. “Known_problem” provides
a quick summary about, for instance, unavailable
time periods, data caveats, and other problems on
data to be shared with users. These metadata sets
have been used commonly for CDF data files of the
210MM, STEL magnetometer, and MAGDAS data.
Data variables storing the observed physical
quantities obtained by the 210MM magnetometer
observation are listed in Table 2b. Since the
210MM magnetometer observation produces 1
minute averaged values and 1 hour averaged

values, two sets of data variables with suffixes of
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“_1min” and “_1h” are prepared to accommodate
both data separately. For CDF files, time labels for
observation times of data are usually stored in the
CDF_EPOCH format, which is an 8-byte floating
point value giving the elapsed time in millisecond
since 0AD (January 1st, 0000, 00:00:00 UTC).
In addition to the CDF_EPOCH time values, we
also included those expressed as numbers of year,
month, day, hour, minute, second, and millisecond
as separate variables (“time_lmin” and “time_1h")
so that data users can obtain the data time more
straightforwardly just in case they do not have any
program code to convert CDF_EPOCH values to the
ordinary date and time values. As for the observed
geomagnetic field, 3-dimensional field variations
and their square root of sum of squares are stored
in separate data variables (hdz_lmin and f 1min
for the 1 min data, for example). This is because
some geomagnetic field observations have used
separate instruments to measure the field variation
and absolute intensity and thereby the square root
of sum of squares of the field variation may not be
necessarily equal to the observed absolute intensity.
A set of separate variables can accommodate
those independent observed values as they are.
If only field variations are measured by a single
instrument, which is the case for the 210MM, STEL
magnetometer, and MAGDAS data, then their
square root of sum of squares should be stored in a
data variable for the absolute intensity. Thus our
data variable set was designed to support both types

of geomagnetic field observation data.

Table 2a. The metadata list for the 210MM geomagnetic field data designed by ERG-SC. The metadata consists of
those recommended by the ISTP/IACG CDF guidelines (Iabeled with asterisks “*”, see http:/spdf.gsfc.nasa.gov/sp_

use_of_cdf html) and those added by ERG-SC.

List of global attributes (metadata) in 210MM 1-min data CDF file

Attribute Name

Description

Project*® . .
1o Observation" is set.

Name of the project holding the ownership of data. "210 MM Magnetic

Discipline*

Science discipline/subdiscipline in the ISTP/TACG standards. "Space
Physics>Magnetospheric Science" is set.
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Description

Source_name*

Name of the mission or investigation under which data are obtained.

Data_type*

Type of the data in CDF file. "1min>1 min Resolution" is set.

Descriptor®

Name of instrument that collects data. "210MM>210 Magnetic Meridian
Ground-Based Magnetometer Network" is set.

Data_version®

Version number of data stored in CDF file.

Title*

Title for the data set. "210 MM Ground-Based Magnetometer Network 1 min
Resolution Data" is set.

Text*

Description for the data set.

Generated_by*

The generating data center/group. "Solar-Terrestrial Environment Laboratory,
Nagoya University" is set.

Generation_date*

Date on which a data file was created.

Mods*

The history of modifications made to the CDF data set.

ADID_ref*

The control authority identifier, currently being left blank.

Logical_file_id*

Name of the CDF file using the ISTP naming convention. "MM210_1MIN_(STN)_
(YYYYMMDD) _V(??)" is set. STN is 3-letter station code, YYYYMMDD is the
date in the 8-digit format, and "??" corresponds to the version number of a data
file.

Logical_source*

Source_name, data_type, and descriptor information, originally used by NASA/
CDAWeb. "MM210_1MIN_(STN)" is set.

Logical_source_description*®

The full words associated with the Logical_source.

PI_name*

Name of the principal investigator (PI) of an instrument.

PI_affiliation*

Affiliations of the PI.

Mission_group*

Data source name originally used in NASA/CDAWeb. "210MM" is set.

Instrument_type*

Type of instrument generating the data set. Following the CDAWeb naming
convection, "Ground-Based Magnetometers, Riometers, Sounders" is set.

Rules_of_use*

Rules of the road on using the data is set.

Link_text*

Text describing on-line data available at PI or Co-Investigator (Col) web sites, to
be combined with the following two attributes.

Link_title*

Title of the PI or Col website.

Http_link*

URL of the PI or Col websites.

Time_resolution®

Typical time resolution of the data set.

Text_supplement*

Some additional descriptions on the data set, if any.

Station_name

The full spelling of station name.

Station_code

3-letter station code.

Geographic_coordinates

What kind of geographic coordinate system is used for the following latitude and
longitude. Usually either of geodetic or geographic.

Geographic_latitude

Geographic or geodetic latitude of the location of station.

Geographic_longitude

Geographic or geodetic longitude of the location of station.

Elevation

Elevation of the location of station.

Geomagnetic_coordinates

What kind of geomagnetic coordinate system and what epoch and time are used
for the following geomagnetic coordinate values.

Geomagnetic_latitude

Geomagnetic latitude of the location of station.

Geomagnetic_longitude

Geomagnetic longitude of the location of station.

L_value

(Dipole) L value of the location of station.

Magnetometer_type

Type of magnetometer instrument. Usually "Fluxgate" or "Induction".

Number_of channels

Number of channels of magnetometer.

Data_coordinates

Coordinate system used for observed magnetic field vector. "other" means that
an instrument-specific coordinate system is used.
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Attribute Name Description

Data_type_2 Type of observed vector values, e.g., Absolute field, Variation.

Data_resolution Typical resolution of data values.

Data_sampling type What kind of time bin for averaging or sampling is used to obtain data values.

D_unit

Physical unit of the D-component of the geomagnetic field.

D_conversion_factor Factor used to convert the unit of D-component from degree to n'T.

Time_calibration_method Time recording method for observation, e.g., "GPS".

Observation_start The start date of instrument operation.

The termination date of instrument operation. This is left blank if the

Observation_end . . . .
instrument is currently in operation.

Known problems regarding the data set, such as data glitches and gaps.
Threshold of K-index for K = 9. (for WDC data)

Known_problems
K9 _limit

Table 2b. The list of data variables stored in CDF files for 210MM 1-min data.
List of data variables in 210MM 1-min data CDF file

Description
Time labels for the observed 1-min data in the CDF_EPOCH format.

Time labels for the observed data as an array of year, month, day, hour, minute,
second, and millisecond.

Variable Name

epoch_lmin

time_lmin

hdz_1min

f Imin

1-min values of 3-component vector magnetic field.

Absolute value of 1 min magnetic field.

Legacy variable for storing time pulses (every 1 min, 1 hour, 24 hour) from the

time_cal_1min * time signal generator to check the clock inside the data logger attached to the
magnetometer.

epoch_1h Time labels for the observed 1-hour data in the CDF_EPOCH format.

. Time labels for the observed data as an array of year, month, day, hour, minute,

time_1h 11e
second, and millisecond.

hdz_1h 1-hour values of 3-component vector magnetic field.

f 1h Absolute value of 1-hour magnetic field.

Legacy variable for storing time pulses (every 1 min, 1 hour, 24 hour) from the
time signal generator to check the clock inside the data logger attached to the
magnetometer.

time_cal 1h *

* Meaningful values are stored only for magnetometer systems of the old type with an internal clock synchronized
with the standard radio transmissions. For those with the GPS-synchronized clock which no longer register the

time pulses, this data variable is padded by the fill value or simply not included in CDF data files.

Tables 3a and 3b show the metadata and
data variable lists, respectively, designed for a
CDF file of the OMTI all-sky image data. Here
only the metadata added by ERG-SC are shown
in Table 3a; those of ISTP/TACG guidelines are
common to all types of data. There are several
newly added metadata that do not appear in the

metadata list for the geomagnetic field data files.

They include “Camera_ID”, “Filter_ID”, “Emission”,
“Wavelength”, “Bandwidth”, “Exposure_time”,
“Pixel_size”, and so on, which are important
information specific to the optical measurement.
Data variables are more or less complicated as
compared to those for the geomagnetic field data, as
seen in Table 3b. Variable “image_raw” is the one

holding the 2-dimensional image data. Variables
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“exposure_time” and “sensitivity” have the same
names as those in the metadata part. We designed
the data variable list to include them also as data
variables because they could vary from image
to image stored in a single data file and have to
be stored in data files as a time series value. We
suppose that the metadata elements of the same
names store their typical values that data users can
quickly refer to.

So far this metadata and data variable set

has been used for the OMTI all-sky image data

archived by ERG-SC. With CDF files of the same
design, currently one of our collaborators, the Inter-
university Upper atmosphere Global Observation
NETwork (IUGONET) project ' is working on
the archive of the all-sky image data taken in
Antarctica, Iceland, and Norway " by the National
Institute of Polar Research. Although these data
are archived by the IUGONET project, they can be
accessed by the integrated data analysis software of

ERG-SC described later in Section 5.

Table 3a. The list of the metadata added by ERG-SC for CDF files of OMTI all-sky image data.

List of global attributes (metadata) in OMTI all-sky image data CDF file except those suggested by the ISTP/IACG

Attribute Name

CDF guidelines

Description

Station_name

The full spelling of station name.

Station_code

3-letter station code.

Geographic_coordinates

What kind of geographic coordinate system is used for the following latitude and
longitude. Usually either of geodetic or geographic.

Geographic_latitude

Geographic or geodetic latitude of the location of station.

Geographic_longitude

Geographic or geodetic longitude of the location of station.

Elevation

Elevation of the location of station.

Geomagnetic_coordinates

What kind of geomagnetic coordinate system and what epoch and time are used
for the following geomagnetic coordinate values .

Geomagnetic_latitude

Geomagnetic latitude of the location of station.

Geomagnetic_longitude

Geomagnetic longitude of the location of station.

L_value (Dipole) L value of the location of station.

Camera_ID* ID of camera used to obtain data.

Filter_ID* ID of filter in camera used to obtain data.

Emission* Emission that the camera observed with the filter, such as "OI".
Wavelength* Wavelength of emission observed by camera.

Bandwidth* Band width around the central wavelength for the filter.

Exposure_time*

Exposure time for obtaining each image.

Cadence*

Effective time resolution with which individual images are obtained.

Pixels*

Pixel size of each image, such as "512x512 pixels".

Dynamic_range*

Dynamic range of raw count obtained by the camera device, such as "16 bit".

Typical_sensitivity*

Typical value of conversion coefficient from raw count to the physical unit, such
as Rayleigh.

Unit*

Unit of raw data, such as "count".

Image_coordinates®

Coordinate system for raw image data.

Data_sampling_type

What kind of time bin for averaging or sampling is used to obtain data values.

Time calibration_method

Time recording method for observation, e.g., "GPS".

Observation_start

The start date of instrument operation.
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Attribute Name Description

The termination date of instrument operation. This is left blank if the

Observation_end . . . .
instrument is currently in operation.

Collaborator® Institute(s) in collaboration for the observation.

Calibration_information® Detailed information on calibration and conversion to the physical unit.

Known_problems Known problems regarding the data set, such as data glitches and gaps.

(*) Attributes included only in all-sky image data CDF files, and not included in the geomagnetic field data
CDF files.

Table 3b. The list of data variables included in CDF files of OMTI all-sky image data.
List of data variables in OMTI all-sky image data CDF file

Variable Name Description
Time labels for the observed image data in the CDF_EPOCH format.

Time labels for the observed data as an array of year, month, day, hour, minute,
second, and millisecond.

epoch_image

time_image

exposure_time Exposure time in sec for which each pixel count is integrated.

image_raw Raw pixel counts for each 2-dimensional image.

sensitivity Conversion coefficients from raw count to a physical unit, such as Rayleigh.

index_column_image Original column number for each pixel stored in image_raw.

index_row_image Original row number for each pixel stored in image_raw.
Time labels for the cloud record in the CDF_EPOCH format.

Time labels for the cloud record as an array of year, month, day, hour, minute,

epoch_cloud

time_cloud second, and millisecond.
Sky condition data for each hour stored as the following integer. 0: clear sky
cloud with stars, 1: a few clouds and many starts, 2: many clouds and a few stars, 3:

overcast or rain, 4: no observation, 5: under investigation, 9: no information.

4. CDF FILE REPOSITORY FOR ERG-GROUND
DATA

In this section we briefly describe how we have
been operating our data repository storing the CDF
data files. ERG-SC has developed a data repository
with a Linux workstation which is responsible for
generating CDF data files of ERG-ground data as
well as making them available via the plain HTTP
access to data users. The ERG-SC CDF repository
server collects the original data files from their
respective data servers run by their PI groups
on a regular basis. Then the data with the set of
metadata are automatically converted to CDF data
files and are uploaded to the web space which can be

accessed at http://ergsc.stelab.nagoya-u.ac.jp/data/

ergsc/ground/. The CDF file conversion is executed
daily or weekly, depending on how often the original
data files are retrieved from their data servers.
Figure 6 shows a screenshot of the web browser
accessing the top directory for the ERG-ground data
on the ERG-SC repository. As seen in the Figure,
the top directory has three subdirectories, “camera”,
“geomag”, and “radar”. CDF data files of the OMTI
all-sky image data, all geomagnetic field data,
and SuperDARN data are stored in the “camera”,
“geomag”, and “radar” directories, respectively.
Since no access restriction is applied, anybody can
access all CDF files by just using web browsers or
command-line tools such as the GNU Wget.

With permission from the PlIs, the ERG-ground

data for the entire observation periods, including
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Figure 6. An overview of the top directory of the ERG-
ground data repository on the ERG-SC website.

before the launch of ERG satellite, have been
archived in the same way in the ERG-SC repository.
This allows the data for the entire periods to benefit
from the useful data analysis platform described in
the following section. Further, the data files in CDF
with the standardized metadata and data variable
sets are all-in-one files carrying all necessary
information. Once packed this way with the
metadata, they are self-describing by themselves
and thus suitable for the long-term archive after the
primary research project for them is finished.

In near future, the simulation data generated
by various numerical simulations on geospace
phenomena will be published from the same
website. After the launch of the ERG satellite,
its level 2 science data (calibrated, converted to
physical unit) and higher level data processed by
ERG-SC will be posted as well. Thus this will serve
as the comprehensive science data repository for the
ERG project from which worldwide researchers can
obtain any kind of science data related to the ERG

project.

5. INTEGRATED DATA ANALYSIS TOOL

ERG-SC has been developing integrated data
analysis software working with the ERG-ground
data described in the previous section as well as the
other ERG project data. This software has actually
been released as a package of plug-in software

libraries for the Space Physics Environment

Data Analysis Software (SPEDAS) written in the
Interactive Data Language (IDL), a commercial
software for data manipulation and visualization.
SPEDAS was originally developed by the Time
History of Events and Macroscale Interactions
during Substorms (THEMIS) project '? as their own
data analysis tools called THEMIS Data Analysis
Software (TDAS). Recently, they extended it to a
data analysis platform for space physics community-
wide use in which other scientific projects could
develop program codes to read and visualize their
own data with the core routines of SPEDAS and
merge them to the SPEDAS source distribution.
Detailed descriptions on and the source codes of
SPEDAS can be obtained at the SPEDAS website at
http://spedas.org/.

Since the SPEDAS core routines are just a set
of generic application programming interfaces
(APIs) to process data, we have to develop a set of
program codes to load and plot each data set of the
ERG-ground data by using the core routines, and
further customize them to work with our own data
repository described in the previous section. Thus
the ERG-SC plug-in package consists of data load
routines and some original visualization commands
based on the SPEDAS core routines. Each data load
routine was developed for each data set described in
the previous section.

Once data are loaded on the SPEDAS platform,
one can visualize them as a time-series plot
by using the “tplot” command belonging to the
SPEDAS core routines. Because SPEDAS by
itself does not provide sufficient routines for
visualizing 2-dimensional image-type data, we
needed to develop them by ourselves. As a result,
most of the ERG-SC original commands are to plot
2-dimensional image type data on a 2-dimensional
canvas, which are applied for the all-sky image data
and radar data belonging to the ERG-ground data.
Figure 7 shows two examples of plots generated by
those tools. The left panels are, from top to bottom,

time series plots of STEL induction magnetometer
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Figure 7. Plot examples for ERG-ground data generated by using the integrated data analysis tools developed by

ERG-SC. The left panels are time series plots for the geomagnetic field observations, while the right panels show

2-dimensinal images taken by an OMTTI all-sky imager at Athabasca, Canada.

data, MAGDAS data, 210MM data, and STEL
fluxgate magnetometer data. The “tplot” command
of SPEDAS allows us to easily plot different types
of data over the same time axis. The right panels of
Figure 7 show 2-dimensional auroral images taken
by an all-sky imager of OMTI at Athabasca, Canada
(ATH in Figure 4), which is generated by one of the
ERG-SC original commands. The other commands
can superpose 2-dimensional image type data on the
world map to examine their spatial coincidence with
other ground data, for instance. The latest version
of ERG-SC plug-in libraries can be obtained freely
from the plug-in repository on the ERG-SC website
at http://ergsc.stelab.nagoya-u.ac.jp/analysis/. They
are also merged to SPEDAS basically on a yearly
basis.

One of the advantages of using the SPEDAS
platform is its generic interface code to load data
variables and metadata from CDF files. Once
one can prepare his or her own data in CDF, they

can readily be read with the useful CDF libraries

implemented in SPEDAS. This is one of the most
important benefits when we adopted SPEDAS as
the basis of our integrated data analysis tools.
Another merit is that its core routines enable us to
load different types of scientific data as the common
data structure called “tplot variable” and apply
various data visualization/manipulation commands
for them in the same manner. This means that
ERG-ground data can be plotted seamlessly with
many other satellite and ground observational
data already supported by SPEDAS. SPEDAS-
based data load routines also support a function
of automatically downloading data files for a
specified time interval from remote data servers
via the Internet. These routines check the time
stamp of data files and retrieves them only if files
on the data server are newer or a user does not
have them locally. The combination of the common
data structure and data downloading function can
commonalize programming codes for different types

of data and thereby greatly reduce complexity of
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coding. Actually one only has to type a series of only
a few to several commands to generate each plot in
Figure 7. These features benefit not only experts but
also newcomers such as graduate students so that
they can learn the data analysis tools rather quickly
and start their own research without spending too
much time in programming just to read data files

and plot the data.

6. SUMMARY AND FUTURE PERSPECTIVES

To achieve the scientific goals proposed by the
ERG project, ERG-SC has been developing an
open data archive of the ERG-ground data in CDF
as well as the integrated data analysis platform
for the international science community. For the
data archive, we designed a set of standard data
file structures for the ERG-ground data through
discussions in the data design consortiums joined
by experts. The integrated data analysis tools have
also been developed on the basis of SPEDAS and
released for the community to promote integrate
studies with the ERG-ground data and other
satellite and simulation data.

We will continue to discuss scientific
collaboration with other projects and to incorporate
new kinds of data that can benefit the ERG
science into our open CDF archive - SPEDAS data
analysis scheme. Some of the databases of ground
magnetometers, radars, and optical imager data
developed by the IUGONET project have also been
made available in the same manner with SPEDAS
19" contributing to the ERG-ground network.
In particular, the collaboration with the Van

13 . .
) is crucial to advance our

Allen Probes mission
understanding of the inner magnetosphere and we
need to encourage collaborative studies using ERG-
ground data and Van Allen Probes data before the
ERG satellite will join the inner magnetosphere
observation in 2016. The integrated data analysis
platform provided by ERG-SC must be of great help

for them, and those efforts definitely lead to good

practice for the Japanese space physics community,
making us fully prepared to welcome the ERG

mission.
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Web GIS system ” Gekko” for data analysis of Kaguya’s Spectral Profiler

HAYASHI Yohei, OGAWA Yoshiko*!, HIRATA Naru*!, TERAZONO Junya*!,

DEMURA Hirohide*!, MATSUNAGA Tsuneo*?, YAMAMOTO Satoru*?,
YOKOTA Yasuhiro*?, OHTAKE Makiko*3, and OTAKE Hisashi**

Abstract:
We developed a web GIS system ”Gekko”. This paper mainly describes a web GIS system for viewing the hyper-

spectral data observed by Spectral Profiler (SP) onboard Kaguya, a Japanese lunar orbiter. Gekko means moon light
in Japanese. Users can browse easily the observation points of SP on the lunar image, focusing on the interesting
areas. Once an observation point is selected, then the spectral data are displayed in many graphs. The users can
download the plotted SP data in the graphs, too. This system was developed by Hayashi and University of Aizu
team. The SP data used in the system are provided by Japan Aerospace Exploration Agency and National Institute
for Environmental Studies. Gekko will be extended beyond a viewing tool and develop into a new analysis tool which

contributes to the science community.

keywords: Moon, Kaguya mission, GIS, Spectral Profiler, spectral data, user interface
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Development of Search Function for All-Sky Map Image
Data on DARTS/AKARI

Akira Yoshino !, Kuriko Inada, Keiichi Matsuzaki ', Chisato Yamauchi >

Abstract

DARTS (http://darts.jaxa.jp/) is a scientific data archive system which provides data of scien-
tific satellites launched by JAXA, and is developed and maintained by Center for Science-satellite
Operation and Data Archive (C-SODA) in ISAS/JAXA. We have developed a web interface with
search function to provide 2 dimensional image data (all-sky map) obtained from all sky survey
observation of infrared astronomy satellite “AKARI”.

The all-sky map is composed of many image files which are arranged like as tiles to cover
whole celestial sphere and each image occupies a region about several square degrees. This
search function is intended to return all image files in the region designated by a user, if they
are overlapped with the region. To realize such a search, we adopt a method that each image
is divided into a large number of small rectangular areas and then the center of each area is
represented by an orthogonal coordinate system to register in the database. This method has
the advantages that other external libraries to divide the celestial area such as HEALPix are
not needed, and that both celestial poles is not treated as a singular point, and that high-speed
search for arbitrary coordinate system can be obtained. To reduce the costs of development and
maintenance, we apply the mechanism of AKARI catalogue search to this search function using
PHP and PostgreSQL.

Keywords: Archive, Image, Infrared Astronomy, AKARI, DARTS

M=

DARTS (http://darts.jaxa.jp/) 1%, JAXA Ok% BRIAERED T — X 2RI AMT 57—
RT—=NATYATLATHY, FHRAHEMRZHEEH - 7— X FH+E > X — (C-SODA) A

FHIRPAIIZEAT (ISAS) FRARHIELEN - 7— 2l >~ % — (C-SODA)

A ERXA, FHMTZEUIZERTERR (JAXA) FHHRADIZENT (ISAS)

Japan Aerospace Exploration Agency(JAXA) Institute of Space and Astronautical Science(ISAS) Center for Science-satellite
Operation and Data Archive(C-SODA)

Misato Observatory, Japan Aerospace Exploration Agency(JAXA) Institute of Space and Astronautical Sci-ence(ISAS)
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AL TWS., Fixld, FAMREXER (00 | ORRY—_A BN & > TR SNz 2 RO
B (XK= v ) 2AHTE-OORBEREMNE VT Vv R—T 2 —ZAZHFEL TV 5.
ERYY T, ZEOMEERT 71 VPR XAIOVIRIZEA TR KRR Z A N—F 2 X STl ST
BY, TNETNOEBGIIEELHREO RS2 HDT WS, AREEREICBWT, 2 —Y—IZfE
SN E - MTEEDEG T 7 A IVERTHREBERRE LTRINDI DD LTS, 2D L5 4R
RKEFEHT 720, REHGRANZLEO/NE 25T 28] U TR O Hub s % 1E 22 B R TR
U, ZTOREEEE T —RXR=AZERT 50D HIENFRAI NS, ZDHEE, HEALPix © &
D RANEDRIRDENZ A 77V BAET, ROMMAHARERSIZR ST, DOLEOREERZ AW
FORMERDBEE WO R Z R D, B EHREHO X M2 MBI E 5720, B4xd1D X
O J B DA A% ARMBREREIZ IS U, 72 PHP & PostgreSQL % W5 Z & 12 & - TARKE#E
KT B,

1. IC®HIC

Rlpf A - 7 — X R+ > 2 — (C-SODA : Center for Science-satellite Operation and Data
Archive) (http://c-soda.isas.jaxa.jp/) &, HAOREER D@2 SBIHT — X OLRF L AR E
TZEEHKLT D, FHMZEEHRFERRE (JAXA : Japan Aerospace Exploration Agency)/FHiE}
FHHSEAT (ISAS : Institute of Space and Astronautical Science) IZJ&3 % —flfiTdH 5. DARTS
(Data ARchives and Transmission System) (http://darts.jaxa.jp/) i, £ ® C-SODA (Z & > TH
J-EHAINTVWS, BT -2 2R FLA VX =2y PEBUCART ST -7 =17V A
TLTHS.

TAMRR SR THH 0] 1, “ASTRO-F” & £IFEH, ISAS/JAXA ® “ASTRO-F 7mrY
I F—L T X o THBP SBIHEM £ TN HARORZHETH S (Murakami 2007) .
[HH D | TR LG E FIS (Far-Infrared Surveyer) (Kawada et al. 2007) &3 - Hif#]
ARAMRBIIEE IRC (InfraRed Camera) (Onaka et al. 2007) HHE#K X 4, RV — XA BHll%
To7z.

“hHiph BRY—RA 3y THiGT — X (AKARI All-Sky Survey Map Image Data) ” 1, £®
(B0 ] DRRY —_ABREITHRIZAF v v 7 — X TR~ R EGI % i L TR S N2 /MR E
KA A= TH3 (Ishihara et al. 2009, Doi et al. 2009) . AL TIILAMEZNEZRIFE LTH
2 BRIy T LR, R Y TRBRBOL S ICEZHDT 7 AV THKINTED, TD55
DIDELIFEHDT7 7 ANVDI L%, B~y TEHGEEITS, £/, FISIZX 28T -2 %20
BUTELONZERY Y TIEFIS &Ry 7L, IRCIZL S ZNIFIRC 2K Y TLIERZ
L9 5. M1EZDOIRCERYY 7D 55 Jum IZDOWTOLRKXZKT.

Fxlk, ooy b F—LNSETORRYY TG EHD, DARTS L CTHEREREN &
TRAMTEI L2 FELTWVWS. ZOEESR “AKARI-DAS (AKARI all-sky survey map image
Data Archive Server)” LIERZ L1129 5. ZH, RICABI NI “dhr b 2RKEFEREA 20 S
Ver.1” (http://www.ir.isas.jaxa.jp/ AKARI/Observation/PSC/Public/) F DEREEHE “AKARI-
CAS (AKARI Catalog Archive Server) ” (Yamauchi et al. 2011) &XZR2HTH 5.

71 20 TR CAS LT — Z#3R DAS O, A4 KY —~4 SDSS (Sloan Digital
Sky Survey) DT —X YUY —=Z27 DT —AA7 (http://www.sdss.org/dr7/) (Abazajian et al.
2009) ZZEIZLTWA. SDSS @ CAS TRFERAEH T — X B HMir HEINTT —XR—2R
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DF =T NP EINT WS, FOTF—7N, Ya— (1 2FHB3EEOTF— 7V EHWT, WL
ONDA T L ERERUTER S NG, ZRINBT—T), % U CHEREEH OB O E &I
WZREINTE D, 2—F—-RFZN S 2HMAEDLET SQL X &R UANT S I LT, MKE
HE2ABIZEA TRERERZELENTES. 2, T—ERXR—ANETHE LR RIS 2
EMTE, Web R—IITIEZDFFEFREREZLRRT 2721512952 & THEEMRE (BR[O R
M) DAEEIZAR D, D DED KD BREHEIZ & > TREEENIE S N0 HEIZ 5, BN ATk
THhbd. HxiEFD SDSS D CAS DEAB S %Z BB L T AKARI-CAS ZB¥ L 72. AKARI-CAS
DA—HYP—T/F (1 vRX—=Txz—RA) 2K 21TRT.

% 1Z AKARI-DAS 2B 3 5124720, MRHPHIZ-HTEEENDE <y THBEE TRXTK
THREOMMAL, TV —DFICEETE MK I/F %, AKARI-CAS OEpE% £ L TK
FIF A N CHREIYE, POSBEHMICHE > TS E 5 Z e 2 BEICHRE L. Kiaxxiizh
SOEBIZEDLLEE T OMPEEIRRT 2L 2HNE T 5.

AR XIILATOETHER I NS, MOE2HETIILRT Y TOMEL2 RS, HE3HETIEI—
Y—1/FIZHT2ERE 2 OMPRIEERGT 5. F4ZCRAREMERFERO I A MNINT HE
K& ZOMPIEERET 5. B 5 IR T 2 R e 2 ORIIEEZ R T 5. BH6HT
WS HBOBKTFTEEBRS. HITHETIIAHKDOELDEBRRS,

@ The Entire Sky as seen at Mid-Infrared wavelengths

AKARlInfrared Camera (wavelength: 9 wm)

LA

1: IRC 9um 2K~ v 7 (http://www.ir.isas.jaxa.jp/AKARI/Outreach/results/) . Z VLA
WHIZERINZERTH D, KRXDONEELET S FITS LD 7 7 1 VTR,

2. 2RV v TOBE

BRY =R OBPET — 23D D HROYEIZ & o> THIRIZAF v Il T — X TH
5. [\ URBIFEEEBHAF ¥y v INTW5b. Thvo Z2ERADLYE, RAQMHEIZ X 0Bt/ 1
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2: AKARI-CAS @ Web I/F (http://darts.jaxa.jp/ir/akari/cas.html) . ZEMIAMREERM: AT
R=Y GEEDHES55D—2), HAUIBKHERERR-VTHS.

RLBLRAEAND 6 D2 7 F VSR B R D LD Brovi, &KZ2 LSO IETTTGHEBTHElT 5 X
I HHR S U RAABE A DR T — 8 23, KX Thbh 22K~y 7 Th s, < v 7D
7 4 —= v MIRCETHTRWICHW S5 FITS 3 (Wells, Greisen and Harten 1981) T
b5,

RESCHERR TR EZRR Sy TINBICRA I TWaRW, FIS®RY Y 7L IRCERY Y
Tk, TNTH 2014 FFERE 2015 FE K F T L MEEE2 KX THINENREI NS FETH
5. IRCIZDWTIE SOW, LI8W @ 2 /N> K, FIS IZ2\W Tk N60, WIDE-S, WIDE-L, N160 @
4NV RDEZIZR L~y THMESNTVD

KX THRbND 2R~y 7, ASTRO-F 70y 27 bF—24 (C4FF) H2012 4 12 HIzF —
LAMIFIZBREAFLAZFIS2RY Y 7 (G40 F) TH5.

S HEIE N7 51T 288[pixel] x 288[pixel] T 1.2[deg] x 1.2[deg] & 7 /3— L, #J 40000 # &5
LD T 74 VH 1.0[deg] HBET X 1 IWVIRIZIEA TR RKE AN—LTWD. KBk E TS 5
(IR 12 3 B R O P AL 2 S 0.1[deg] TOER D 4B 5. AEIRD KHR LTI
2000 3 RO BEBEER TREINT VD

ik,é%vvfﬁw(mmmwmw)mm:,m&®¢%?$ﬁéné3@%@ BT — %

, mEFHAC AT, 0T b F—LEKDOY Y —Z /) — b (Doi et al. in
preparatlon) Lo TENENLUTFOLSITEREINT VWS,

* intensity map ; sky-brightness image [MJy sr—1].

- sigma map ; standard deviation of the image data at each position.

- Nscan map ; spatial scan numbers [times].

+ Nsamp map ; detector signal sample numbers at each position, weighted by Gaussian PSF.
BRI D7 7 1 VIXEAE DARTS DR T « A2 DIEAFIEBICEE S NTE D, F—LANNFHIK
S EMNBITITAR T N,

AR ABIRRDO 2R < v FIZDWTIE, 419 DARTS OIS T + A 27 OIEAFIREISIC — R E
INFZDE, RO SNTANPABHIZ, B 5 HAE Y ATRERFIEAT 1 L7 M) T2 BEII
5ZLT, TNOHDX T YE—RPAREIZRD FETH 5.
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3. 1—4—1/F ICHT 3 BRI & FRREDRE

REHMARI—F—I/FIX, TNOEDT 7 A NVDA>ZTA VI MVIZTZRATE, 77140
DR va— RAARETH 5 & 5 ) Web X—Y (HTML 77 A J)V) TH5. £/2ZDT+1 L
7FU®L:,é%vyf@ﬁ%i(Uu—z/—b-mm774w)t 87 7 AN ERNIG
FTHHMIE FREEE) 2 —BEIZLEZVAN (FFAMNZ700) 2BE, Thodb Xy ra—
FT&T%.%M‘iD,#%»ﬁﬁ(ﬁ+$ML)»Eofﬁ@@%%&ﬁﬁﬁﬁﬁé%,#o
7 7 A NVHRHIMIEIZ & B R AREE XFEH—BUZ X > THRETH 5. DARTS I& Web % i
UCRMMIZRI YT =2 28495, EXMEAOT—X7—hA14 TEMNEDTFLNTWVWEZD
ZTDEIBHHR—VL V) =2 )= T77A VDAY, 2=V T2 TELT
W5,

—F, =Y =R Web 7 I V¥ CEBDOFMTHRELVIAAT, H4TET7ANETFET
00— NTE5M4HA BKRIF) Rdnil, -V - oFMz2EHETCETHERTHY, ¥—

IZ&oTHERXT v E— NP PLAMPERLS THEDL. TOL D BT - ARHELE D HiFrEh
52 LT, MEOEEER L L TRy 7TORMICEZFHAZMEEL, 2 < OFERREEEAH
FZEIZE L eI NS,

I —H = Web R— I TP MBEM %2 AT 5 LY T HMBEHERBEHIINE L WS I/F
X, &~y THEBEICHIET S ID GRIIFES) Om»s, LMY THID ZrakEtd e
WO A TEETE S, ZOETIE, TOI—YF—I/FIZd2ERkEDNL, TDOFEELEE R
U, ZEHZ2TD. FETNIEODVTEREESNZHDDOHMZIRR S,

3.1. BEI—H— & EHKKE

Pz, Web &ARAMERILAIZDOWT DO —EDMFEE R OMEE 2 FEI -V —IZREL, ©
D& A=Y =TI b L7z Y TV TF A Vv CEETLZ e T5, 22T, ik
ZHMTHHAT 22—V =05k, EVa7 V-2 -3 —1/F 34T LbnEe I nd
INEDEVYINTERNLRED, Thbb ANEERDRL, HIERE -HTo»D,
MTT7 7 A NVERETELZ EBEBEINEEEZIONS.

FICFREFH DM T/F Tlk, Web R—Y ETRERE EOM EPHIPHZ & OMESLMEE AT 5
&, MEBEHEMNHETIZRTI N, HROEGZ2 X 70— RTE52 0w 70 —WEALEHEIhTY
%. 413 AKARI-DAS OEAFFHIOWTHZTD 70 —2FHT 5. T LD, AKARI-DAS
D7H—EK3DEIITHD. =P —iF TMBEREANTR—Y] THREREEZFASIL, GET
A w KT TREBERERENIAR—= | 122D ATEDEF S, RBEFENPFRREINZS, 12— —
FZOHPSRERT AV EX Y yO— KT 5.

3.2. RRFM L HOTADIBESEDRE

BEI-F—IZe o THMLP T, DRWVERET, BRARDBRVWKRRSFMFEZ5ZA 6N LN
ZRING.

MBRMGEATTER=VIZENWT, 2—H%— ’ﬁﬁ@%ﬁbf%65&%@$%#ﬁiﬁﬁk
DAETH . TOMBEIFEREEZIREKACEI s TREINDGZ LN TES, MEL—Y—
PERR DRI Z R 5, it%@%%%i%kkﬂ(fﬁﬁ&nﬁ)%ﬁﬁ?é LTROoNGZ t%
HoTWaddbDed 5. ioT, MEZRET SO, BEMEIRELZ AT S &5 8 AT
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A 2—if =) M-
DERE SRS AN (FE) ) EnaE
B RRERANA— (M~ #0560 0 )G
(Web I/F) A~D:MM
2135 A—SGETIAIR
@oxER

o T —A—3,
B BREBRENA—T | IHREN
(Web IfF) BYSTRR n ’

Tz 20 wir) SR

D. FITSZF-A L

3: JLEE DAV DRI ]

MRBETHS. TUTREAZDE DIFMLEHHRZFF> TR W20, RIEAVB AL I Nz EiX
NS T 2 BEMEDI BB I NG & 5 BRANEOHMMALBLETH 5.
FRCETHO O NS FEERITEBFIEL, — BRI REREE SR, HEEER, SRR D

SHLDENMTRIND., KEDD RIS X 7 TEAREHEERBHNSNDE D, HDFDRER

5253 B CIX S JERE R DRI AR B W 5 N 5. BIETIX 2000 4F43 s D FEEEAE YA < b

TWBH, HWAZ T 721 1950 £ s DEE > TW B 728, FREHER D W TR 5 2

DIESMBERTH L. fE-oT, LoD 45 (FREEEER 2000 £ 51, AREEESR 1950 5 51,

B3 AR 2000 43 AL, SR EERESR 2000 £ ) DENEHWTEMEBENTE 5 LA EKRX

ns.

- MERHEIPH CRERME ED b 28IK) OIFEHEICODWTI, 2=V =itk > TANEE? DA
STHA, REFERERBZDPORTVWEDTH S L5112, BB REZEHATSIZES DR, ﬂ%‘&
12, RUEDAIRISE WHEIRE R TITE, TOMEEFLET S EOYRER > AR .
T HEBR U 72 KAk 2 B Ok 2 R 3121, T OB E2EE LY I VWL S hl4o>otoubz>
BRIE PR R D VIR D TR SN B AR, o THMEBRHFHOBRE LT, MELEED 2 O
HNERBEFNTH D E X2, HIEMREBEORHE, FHOFLOMEEE 7213 RKEL L, HOEFED
f6E2ANT 2 & THREHPEIRE S, HERBORIX, WAD 2 OOMOMEIEEE AT S L
THERHIP DR E 5.

I—Y @, MEREGERE Web 77 U TRRL, ZTOHEHE T 7AW EXT Y a—RT 5
CHEING., ZOOOHAER (7+—<v ) EHTML TH 5. MBEHEEDOY A ~AK%E
BRIET 572012, BVEYDDOTFAMER (CSV) TORERENVWETH S L HEFTHS.
%72 VO (Virtual Observatory) & O#H#ER|H%iAA S 720121E VO Table ER TH R HI 1
TW2 LIGHEIFRLR ERTH S, 22T, 2—PF—HHTML, CSV, VO Table ® 33ED
DHEPSHNEREZEIRTE S L5127 5.
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:' Hactanguilla_r Search:

4: Rekm (0—#) &M (Radial Search) & #i#kE (Rectangular Search) ZivZ D
i

3.3. MBEFERRTE 7 714 IIVEUSAEDRET

MEBERERERRT E2R=JIZBWVT, FT2—Y -0 S5HERKD SN EHRIE, FMAICFYT
A3y THGED—EE, FOT7 74NV EX T a0 — RTE5MA BHIZIET 710D URL AD
Vy7) ThHb. TOREBOKEZHA - ET, TOT7 74 IVOMENLS XY O — KX TDR)
RemEIEBZEeNERIND.

FITS IERD~ v THGZMET B IZIZEHADY 7 M2 7 RBETH 5780, 2—F—01FD
XY TWZEDEIBREDPESTVWENHERT AI121E, XU >a—RLULTHAD/AY IV TZED
77 AINERPRIINER SRV, TOXSRFREETLZLDIC, XU rO—-ROFHIIEEEH
IZZDEGEHRATE L LEMTH D, BAMIZIE, &<y TEHEIOGIET 2 RREG (PNG
R) Z2H51PUDHAEL, Web 77V FDREHI CRRTELLDI1ZT 5.

7z, DBRVEET—EIZZHDO T 7 A IV ERETENEERTH D, BRI, R
FRINEZLTO~Y Y TH, F2EZOH» 52— =2 HEOHMW TEALERD ~ v Tk
Z, —fFETHXY O —RTEE L5127 5.

3.4. REIN/I1—H—1/F O

EROBFHI Lo THEEI N2 —H — 1/F ORMERDERREZ R RS,

3.4.1. BRFHEAAR—Y

IOR=UTE, =Y =DLUTD LS BRRGEME2 AL, DR AZ2ENT 5. T0%
[SEARCH] A& v %Hid LIROMBFERI TR —INTN S DIFRVPEE S, fRVPTDIH
5. RESET] R&X v &HI§ L EAoNEAEMHEES N, HIREBIZES. X51d Web 777
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Y ETCHRRINEZIDR=IYDIMMERTH . ANTREEHIZZFOREHNIZ & D SRROETH E N
TW5b., F/-HZ ANTAHEEIZIZANSIRESEOBEA EFHHIRINTED, AAIAIZLET
F—ERBS5 LTS,

o MBI RDIER

IRCD2/XXVK, FISO4 XY RKOFENRSMREBEONELTE2EDE, 22— —NF v IRy
2 E DIRINT 5. GIHRETIIETIZF 2y 7B A>TV THRERNRIZAR>T WS,

o MMV T DEIR

EFKR X 2 &0, 1. TRadial Search by Object (FKA&% & M OEREOITIZ L BMMKRER) ] W,
2. [Radial Search by Coordinate (HULERE YL FDYZEDIREIC L M) | 23, 3. [Rectanglar
Search (KEJE D i D PEARFEEIZ & DFEEMER) | D 3 DDMESENS 1 D& BINTE 5 X512
5. YIHPRAETIX 1. TRadial Search by Object] 2SERI N TS,

DUF CRERER DERVPBERGE, BRI (IVE D v A=ma—) 12kb, 22—V —F4FHEHD
JERE R (FRIEEERER 2000 4E43 i, ZRIEEERER 1950 4E43 i, PHOEEEAER 2000 4E43 L, SR EEAER
2000 43 ) DR S Edp 1 D& ERT S, FIHIRIE TIXIREE-ER 2000 £ mANER I T
AN

1. TRIRS & EREDIFEIT X 5 FIME]

a—P—iE, REg e, HOPERDOMEEZ, ThENANMIZAT TS, ZORKIZHIET 2757
EREE (2000 FE53 ) AHOHLE RS, RIKED 6 Z O FRERENDZHIL, MY — D
F=LVYNUN (RGBT VYY) 2FHT e TRONE. TDLI BRI —LY YV INE
LT, SIMBAD (http://simbad.u-strasbg.fr/simbad/) & NED (http://ned.ipac.caltech.edu/)
Do, FERKXIZLD, SIMBAD * NED O X5 60 %@ IRTE 5. £7-, LROFAILE
(degree) TH 5. FIHPRETIIRAELZIC “M42”, 32—V VILNIZ “SIMBAD”, R “17 A3
A2TW5,

2. [FEREREIR & HpUDJEEE & B DRI & 5 MR

2 — B — BRI S R 2 # Y, ZOMBERTOHLEREOME (RRE, ME) &, HO¥E
D%, ZNENATIMIZATIT S, FIHRETIZEEMEIZA > TOWRWDY, BRI “17 (degree)
NA->TWND.

3. THERERIFEIR & KA D Wi oD PEARHE /2 12 & 2 MR MR

=B — B S R E R, T ORBERIC L DO B (R, EE) 2 A0
5. FEBETIE, MDD BXMOD 2 PATOMENGZ S NIUIFERZES Z N TELDT, AN
A E PEME AL D B/ME & R A, £ U CTREEOBIME L RO GEF4 D TH 5. #IHIREE
TIHEIFA > TWRW.

o MREHER I 1B A DIER

BIRRZ 12Xy, RBERFEHDERE LT, HTML, CSV, VO Table ® 3@ 0 OHih 5 1D
EERT L. T060 55 HIML HAOWNEREI N LA R LW EEBLNEDT, VARV A
DAL ZB < 72012, HTML ERFORAHIEUI, FIS & IRC 2236 L 1000 128 LT
H5. QHPRETIE 7+ —~< v FAHTML 12, £/2HDEEED 100 1I0ERE TS, HAE
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BIRX NG A X O BRI,
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3.4.2. BRBEREHAR—Y

ZDOR=ITI, MBFRMIZEY Ty THEBEDO—ENLRINDS. £/, 2—P—IF, 2D
—EOHDRSIELEZWT 7 AV EBENLA YT a0 —RTE5S, X61E Web 750 LTERI
NZZDOR=VDFRMERTHD. 74—~y MZ CSV 721 VO Table DEIR X /25512138
Y H3y THiGE FDSIEREDO —~EDANE I TN 5.

o AN ENIMRBRMDHERR

I—H—NAS U RN DS, MEBEREANR=—VIIE SR CHERTE DL 512957
DIZ, ZITHUTRRING. T2, BIRINEZZ—L VYA LD, FIELH S HRE R
2000 E4 FL D JEREE N DL HFER PR RI NS,

o by b UEMEEZD S bDRAM
DISPLAY : 32 / HITS : 32 £\ 5 & 512, RRME/MEREC AR BN RRENS.
o X u— RXEDRER

F2HTHhRANZE ST, 2Ry T RERORERE 2K T~ v THEAMK (intensity map)
DAz, 3 FEEED BRI 7 7 1 )L (sigma map, Nscan map, Nsamp map) 3% 5. #ERKZ >

This document is provided by JAXA.

113



114 T2 TEBR FERAE DT JEBR JE TS JAXA-RR-14-009

&Y, TNSMEFE Y7 7 AV E X a— RNTE30E 51— —2EIRTE 5. YIHHIRE
TIEEFHE 7 7 A VBRI N TV (intensity map DAX Y Y H— K& E T 5) .

X512, TWGET SCRIPT) RZ v aMTILIZ&oT, BRINEBID, (Fxzv 2Ry 7 A
IZ& o) BIREINZ~ Y THEBIZH L, wget AY Y REAWT—FEX >0 —RT5720DDA
7)) T EPREREN, 22— —-BZDAZ) S E2X Y a—RKTE5.

o ZMT By THIGFER

RESI N EERT, ZTO~ Y TEHEOSIM (ZIFEGTL) ORE LEEZNTNDOFIET,
FMTEYy THEO ~ENRRRI NG, £, HMREDOLEX, IDISTANCE] 4 5 AT, HE
HFLDDPoZDO~y THEHROSI S E TOFMAE (degree) TRRIND., 2—P—lFZTD—&
7T, [SELECT) OF =y 7Ry J AZF v 72 ANEZPHT 2T, LD —fFxwrao—NK
DOHRETENEIPDOZBIRVTES. YIHREBTRETO I 7 AIIZF v IR A->TWS, F
Tz, BF 2V 7Ry 7 AL —FETF v 72 ANEZPNTZILHTES, 2—H =T Web 7T 0¥
ETINSDEEEMETERVETIENTES.

o HEMGE FITS 77 1L ADY) v

—EBROPT, &~y THEIZDOWT, FITSIERAD 7 71 vADY > 7 (DL; &Y >u—N)
¢, PNG RO R HE# (QL ; Quick Look) ~D V) v 7RI 5. RREKIX, & FITS
7 7 AND S EREBIZ K o> THINERSINREINTVWEIEDTHS. “QL 227 Vv T3
&, Web 77 7 HDRIY 4 v R VIZ 2 OREEENRRRS N, 2—F—FZNITHIET S FITS
T7ANEZT VA= RTENEIDRDSHFIZTHILNTES., “DL” 22V vy 35L&, FITS
T7ANMNBaA—Y—DRYarvARxRyvya—REhsb.

INSDTRIZE ST, 2=V =D VEETHER T 7 A NVET R ZBATIETES LD
U7,

4. AR EHFEBED IR MINT 2 EK & BREDIRE
COET, B LMEREEOIA NI SEREDNL, TOMPEERIT S, $2T0
MBI E N 7 by 27 AR D,

4.1. BEXXOMH

KU AT LDFFEZ D2 A MMENE S DRV, 72 DARTS AR END DIZ, A
AT LDFEERIGRELMNIKR D A b TLEEM AR EAERIND. 2T, HoMAEE
KT 27DITEBDOTEND 55613, L0 B TIHERAEZERI L LT 5.

4.2. A—FT 4 VT DOEKXAE

—HBZY T R 2 T TIEANATRHEY 7 hON—Ta v Ty AES RESP LI UIEHKET 3.
HUHROEBRE S ZNELEZD Ty 7Ry 7 AEBHNENE, FO LD BEAEENFEEL /2B
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o N e
B o ks Goores W07 = Comimer SEV B £1 PH ) et T2 ramdbrd s vl
+ Vel Tiin el
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e
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Vorm
EABLAYT & TS
- Heigs s
g —
- Wk v e LAY 1
AR
ey Ll ool [ o Mg T aliey Wi, | = | G B Chimckeesl AT HILICT | 08 || 08

Ehigaperial  BCTymeerisl  PEEASE
%a SILECT OL BL TS KAME L = i
! DL [ LS Bl N g e M HSE T T
- S e i i

CACACTE ey T

-

1w

o= T :-. I + i et

i . o e [P R e——— 2 T e
o o [m g W31 s . Bl A faei i il

& W D R _m_l.w_'tm e G M 4 MMaT T
L o e ol by 30 e e, 148 assmmt Ere

i = £ IN-!-!I:‘H- i Sk VA Baage e MHE Id-"'\-ﬂ- EL L E L
LI 0 D0 0K 0200 e ey 200 eyl N80 2D A TR Lt
LAl B D B 70l bhep 00 Mgl PR TS = wL T

m = R R K X T L & TAL} HEE 1

5

X 6: MEHERHIIR—Y GRER) . TR Ty 7Dz, ZOMIZR A% DISTANCE]
DAEILIE L < 72\,

12, ZREBHIANZNTITEETS), TOAZXM2PTSNTEMRELEORPLREIZIESLTH
ST eWFPHEING. 22T, KIANTORMEMAOERIZIEZ 5720, &FtEILPSI—T 1
VIFETHUTHEFKL L, V—AI—=RNIIBRELRRIAV NEFATEI LT, AHkz
EL T, ThbLbEEERADNDATEZDY —ADMHEEZRBIZTSH I L TRIERS.
b#b#ﬁ? ETOY—AA—=RENHBLTLOEFEIANELS RS, T T, KA
WIZEERD D, BEIMET 2 Z BRI NTOWIUE, BEFEONEEE 72130y — L % Fil
Téykfﬁﬁij%TjéutkTé.mKi341$fLAbﬂti9h,&bi$~AU
VL THEBEIZ DWW TIIANER Y — 3D SIMBAD & NED 2 R4 5. Zh o ZEFEDOERKE2RHORE
BTEBH—NTh3. ¥bo5L, ZOURLEZLI—F—I/F (Web R—) DY — RIZHAAH,
A=Y —IZ AN I N7 RIE£ % Z D URL OHFIZARATIVEEEEZ G55 728, EENHET
»H5.

AKARI-DAS OHAY 25 L1Z DB g & Web BIZKAE NS (M32H). 140 7HE AKARI-
(MST@FHS774wA®7ﬁtZtﬁWVD—Fi@mﬁ ZLAME AKARI-DAS & @
ThH5. #>T, UTIZRRB X512, O DB EDHEAMR L Web BOXEO Y v 2 %2H0D
B R0 T HERE AKARI-CAS 2 A LTI —F 4 VTR ENTE 3. ki, #&o
TR <y THEMREBDOWH % FRKICEETE 5720, HERMUIZHHDT—R T =01 T24kD
MRFIANETTRZ2NTES.

4.3. Y7 b7 DZEIR
e T—XNR—Z (DB) V7 b7 DER

AKARI-CAS Tl DB V7 7 =7 & LT PostgreSQL (7 =Y 7 b x7) BEAIN:Z.
PostgreSQL 1&fthidd DB ¥V 7 b U = T IZHARTHIG U TV 2 BFREKOFEEN L <, T o 2 A
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S THFED (DB NFHEHD) NIEMHAAABEE (A b7 NEIE ; stored function) % fERK
LR TWHEDRHS. £Z T, AKARI-DAS ® DB (2%, AKARI-CAS & [A#£IZ PostgreSQL %
AT 5. AKARI-CAS @ DB (ZIX AL W0 PEAEZS L, - MIEMEI R EZIT 2 2ODAMNT R
BEEPEEICHEINTEY, 1513 AKARI-DAS IZHAARETH 5. F LT, BT HER
FEREfE (XY, Z) OFEHE, ZTHIZXBRED SQL XIZDWTH, AKARI-CAS TflibhTw3
LDODEL DM BETH 5.

o Web R— JEIfEEET DR

Web R—Y ORI T —A"DEhTEDE L, 75747 MIDEREIZ TE SR IKEFEX
BRVWED LTS, TTITHEARZ K ST, MBREANR—VICANINZRZEREOZNZTND
fElx, GET AV v NIZTHREMER—IUAEEIN, ThoDMEH SQL SUTRA XN, DB i
CMEBRERERDVETINS (M3). ZOHEIFZWHLYSE HTML ® MinxHi ©, 5% E
BP0 ZEFEST A Z A TES. V7 b2 7 2RO UETT 58018, AKARI-CAS
CHEBMIZPHP (7Y =Y 7 v x7) 2BHATAZ2I1255. PHP 23 VS IOVARETEIEL,

SiEabWERTHRTE, MHEOEIICETDOH LENZAT ) S NSiETHS. 72 PHP
1Z1% PostgreSQL IZHifii § 2720 DE Y 2 — IV EHETlib > TWad. BAIFENEZHWSEZ LT
P BAdiie O — 5 ¢ TR I/F 2B TH 5.

INSDOMREHZED, BRAFER1IDBODY 7 N =7 %ERL 7. AKARI-DAS OB
1%, DARTS @Y —% (OS : Linux x86 64bit) ETINSFIFZ2HAWTHEETE ., £/, HIED
FERYarDOS & Web 7T 7 HFDOWT K U THMERSEEL, EkziizdZen
TEm, SBRINSDY TNz T7BRN=Var7y7a3nbd e, AKARI-DAS O#IfEIZ RAEE
DHRETLVAZIFIGFETS. LEALINSDY 7 b7 I3BREEEIZEL b Tnb iz
[ERED EHN K T B EEGIEDOEBRDOAFIXESGTH Y, »ONTI— ND7dNHIZ TRIIZE
B ThEEZOND.

F1. HHEHY 7 7 —8

VIhUzTH/ | N—=Vay W - H&
PHP 5.3 BfEM A2 ) 7 55k

PostgreSQL 8.4 T—RNR—= 2
Apache 2.2 Web #—

5. WEBLIBICN T % B3R & BIREDIRET
COWT, WELEICAT 3EREMIL, TOMPELRHT S, ¥ TOMBRIENG
Stk DR & BB

5.1. ZXROM

—fRIZ, RAECERIE N D RRIFHIRRIEOEE, RE, A, XA NRETHE. FOH
AR KA MIEE >R AR -9, HEO~ Y TEHBIZELNE LS ITELHLTWAZ e
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BB, WoT, TDLIRIEMN > - REEEEANZEET 5~y THGREZ, IO 2IFS T2
THIED, KAWL > TEETHD LHEHII NG, M 71RO~ v THR & RN
EREAMNIRLEZHDOTH S, b UMRHIFIZ RN E 2~ v THERZ 1 2 REERE LR &
T5L, RSP U = RIKDLBIEMNE > TWE Xy THEDIRD WEL XNTLUE S BN
L. FTDLS AT, MT7TOLIRGAICEEYRLER>TLES.

T, BB~y THEDHEIRPRBEHRPIZ IR THEL > TOIUEZ D~ v THGRITMRERE R
ELTRINEZEDERING. Tabb, MTOLDREGEE, MEMNEZWETN I ELS
48 (ID=2, 3, 5, 6) O~ v TEEEIRT X5 RMBE2FEHT 5. Z0O X5 ITEDIZES MRS
B0, 2=V =2 HEOHME CHRZIUSEIRNT 5 X 519 iE, KUPMEEOBERZE -
WX ThdEHEXITEZZ. ARIZ, TO XS5 0B E2HEBT 5 72010 B NELEE (T
M2 ED) 12 OWTHRET 5.

#EA A—F—HHREL BN

/ /

1 20N
| I/

a4 5 (5]
= 1

7 8 9

M 7. RKR<Y TO—HEREMAOEAR. HFTRINiz, XAIVRICHEINSRIESFKOZENE
N1 o0Ovy THEEEEREL, BORIEESEY Yy THEHEOSIRA (Z 2 CIREGOTLNETS) 2K
U, £TRINZMPRBHPFADOM THD. &~ v SIS B ERR O R L 2 02 i
0.1 ETOHEZOADHY, TOHMAFKBEVETRINTWS., MFoFRS 125 9) IXEEKID &
T5.

5.2. MERHROIE

—#&Z, FITS 77 A VDAY ZIZiE, REREDEZEZ|ELIZHEDTHE20B0015 L1
IO EEHR (WCS : World Coordinates System) MEZIAEN TS, 1. EEROLHET (H
ANAEERER) . 2. el (BIZIE 2000.0 £ 50D . 3. ZRNEIFENEH D 1 KD, Efk LD
JERE (B2 2VEERE (Xp, Yp)) . 4. ZOSMEDOKIR Lo (H 2 1X/EEBER THIE (O
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#, K. 5. KERMZZOMEEGE (2WRGCFEH) ICEET 5 HE (BFIALESTOE2ERE TS
Ry MNEE) .

SR DY 7 VR RERERE L Z 2 (CRPIX1, CRPIX2) , (CRVAL1, CRVAL2) &\»
575 (FITS ¥—7—FK) Ofi LTAY RIZA->TW5., BT IIZZ OGO Fui
EDNFERTHE. TIT, By THED~NY XS, TDT 74 NV%E5RT ID & ZDHRBADRE
B ZGe AT 2 & Ay, HEREREEZEBRTH-0ODHE—~HLiR5.

U2 U 1 EEDOALEEHRD 1 MDA TH 256, HEO—HBIMEBSRAOHPFANIZE R > TW\W:
ELTH, YHEERDOBISDHIAIMI D B 1= DITRBIZ P PSRN DL (MT2R) . £
D=8, 1HBIZDOE 1 HOMEFREZMMNITTELEITTREREZ#HZTILETERN. 22
T, 1 HBENZMS D SFIETHMEL TEROAERREZFTE I LT, TEHROBRITH
N5 (MREF & EROMEBEE RV ER D) LOIHETLHIZLE2EZ5.

HARINZIX, RERMIZ 5E14 2 2 EGHZ SET 20085 50D HEREZO6NS. ITNICE
NZNDAV Y hEFRAY w FERHFTS.

5.2.1. RIRKQEI.

ERE —EDOREZFOWAEIZHP < DEIL, BEHOHEIMS2DOHANTID 2k5. 4EH O
Mo X Z2RONIE, ZHOEOF LI T 2R EOEENRRE S, [>T, TN 5 ERDHHE
WA, HBHERHERD KRE EOER L ERE0E IR0 05. ZOLDIZLT, REREEL K
ROMAH AL ID R ID O=ZF 2RI, MERTHILNTEE. THIEKERSEILL
IEIEN, 1 EEROANIEIL BRI ND Z & T, 1A 1 BRI EEARNITHEE O R WA A §E
12725,

HamE DR E ID ORI HITIIEA X0 0 B Z 5N E 0, K8 D & 5 s ElEIC X 2 Wi
ZFEB$ 5, HEALPix £\ 5V 7 b7 2 7 AINASA 25 AT W5 (http://healpix.jpl.nasa.gov/)
(Goérski et al. 2005) . HEALPix 39 CIZE K DRXT—XT — A1 7T THAEREMH D, ik
THHTEZZ P IANIHTEAY Y hekb.

772U, HEALPix ® API k372 07 OLBE I N T WS (R SCHEBHET NN —Y 3 >~ 3.11).
72 B/ED HEALPix I& “Software for pixelization, hierarchical indexation, synthesis, analysis,
and visualization of data on the sphere.” &l XN T W3 K 512, KEKME LD T — X120 Uik~
TRIRAT ORI M T 2 D EMECEMRERY 7 R D 2 T AL FEL TS, UL LAY AT LADORFIC
XZ D& D BEHEIIVHELR L, BAZOMBEMIIF U CIZEHES IZT A Yy MIkb. 55
/s, HEALPix OEART IV TY) X LIEHTIZR VDO TY AT L 2RO MO 72012 B THELE
THZeETESED, REKEOBEIZLZ2GE0IEREVLETHY, BRT 2T HEDO LS R
BRI S 12 0.

5.2.2. HF ik

M9D&Siz, &~y THEONEZ, X,V AHIZHR-> CEHBEOMAMH A< HEIL, &
R DI S PO HFRTID 255, ZOHDLAEEZZ 2 TR (BFIRIZERDT) HF A
IR, SEIOMD X 2RO, BHENTOZEFROMENRE D, o THEMBE T IS
DR EQERENRES. ZDOXSIZULT, BTaID &% O EEME & STl ID O = % X
, MBETAHIENTES. ZOAEREFRIEEERZ 22T 5. KRS ENE L [, 1 E&ED
NEBDIZL s8Rk I N5 Z & T, 1R 1 BRI HEARNISHEE DO R WRELAIFEIC R 5.
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8: HEALPix IZ & 5 KER7T#EI DA (http://healpix.jpl.nasa.gov/) . HIZT I EHMN < 43
HLTWS.

T RIEDEGMREBEEZFEBT LSV 7 by 2 7 IRICARI N TV, fo TRFRIEZ AT
B850, V7 MU TDIA—T 14 VI PSBORITNIERS B OVDODBHFEI A MIHTETAY v
h&les.

LU, < THEHRD FITS ~y XD WCS Z itk AT, W1 ROMBEEZ KD 5D, BFO
FITS =7« &Y 7 b (flZIX CFITSIO (http://heasarc.gsfc.nasa.gov/fitsio/fitsio.html) (Pence
1999) % SFITSIO (http://www.ir.isas.jaxa.jp/~cyamauch/sli/index.ni.html) ) % F\THfHLIZ
TE 5. RIZ SFITSIO T, AAFEDOY=aT7LAH Y, XY HAZTNWTNODEEE2 AT S
ZETFITS EifgENHITE LYY TN a—RAHEINTWS D, T0EMVD Z L THTR
HEDOV 7MYz TORFEIA N ZESIMAB I ENTES.

7, Do UOKTRID &% OEEREAE & STEi ID 2 iR 7 —BREFER L THEITIE, 20
—BERIEIEDELERII—EMBTREPMATVE LS BAFEREAIZO T EHETHS. o
T, BFEDOH 20 7R AKARI-CAS OLflA%Z Z D i L THEGMEBELEHTE 2. Zh
13 AKARI-CAS ODEJFRZFFOHAIZE > TRERAY Y FTHD. 7z, BT RID ZicHEE ID
AR U TE A 5 & 52T, HEALPix QIR ITHIGIZ ID IZHAR TR T2 0 3
<, ZOEHEXPSBROEHNESTHS.

5.2.3. fHk#RET

TITIEMREE LT, 3k (HE) SUMEEIZOWTHKT 5.

FTRETDOVTHE T 5. RERDENE LT AIEDE W, WA I RKIREN Z 284 5 50
ZFNEHEGEMZDETEINENWSIEITTHS. WTNIZUTHHZ K, 720 bR 2 i E
WTRHLTWS., ZUT1EENIBOZL K OO E/FHREZ ST 52 & THER/RORME %
INEK U, RBEHFHE I TEEBR > TVWAEERTHNETELROBBICIENEESICLESL
WORMIIFUTH B, IR, RKIRDEEPRFRIEOEE 52 HWTH, SEIDBHI NI E A
NS5, RAEDORKEIX, TOSEMAHOTLSOMOE 5. ¥E550DHETY,
il & DD FBCHIPHZEM L T, MBEOBIZZ DL S EIHEEZ 7 N — 3 ILHREOE Y ZI1FL %
<2 eldT&s. ZZTIRZOBMEHHEZ v —Y Y LIER, 7277 UHud BRI Gz & - T
BB, TOY—IURT ORISR L D EEWVE RS BRERERBIIRNE I LILRS
—75, W EEE U 72 WEGICEFAE D 2. $Rbh B FRAEIE D & S 2R B IR O HilE T
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XEYDIZTAILFFEBIIZTED, Y550 HETH, =Y VEYDLIIIEXTE, D
FD R I LR TR E AR E K WET 2 D1 TR .

ARBAFETIE 5.1 BOBRIZHE, O TIFL RS Z L 2ERT S, RAIBRT D LD ITKT
MEZBRAL, RATOMELETSREEL LT1040/A (#0.17 &) MW, 3T4bb 1 EELY
720 36 D FMEBRTHIILL TS, TLUTHIDE S IZHE- BB ORKIE (KT ot
AEREEDNS 5 012 ) I~ =YV ERIEFANEHLIE BT 52 & T 2ITLERL.

KIK LD TRI NN 7 b IE, EBRIIEEIAOEZEREMIZ LD, B
DDEGDHITEBATIZ L > ThTMELRED, YLD, TOX—I V2T ITN
ZNOREF NS LTk T, EBUE (RKME) IZEET . /oT, ELEDY—YVELD
H/ANS R EREE B~ Y THEBR O T MBFEET U, Z OBEEEGRICO T I E» RV K S iR
REFAN LI —HF =2 L > TEREINLEGES, =YV DEODIZFOBEEGELRBIZI 1S Z &I
B5. bokd, EEITIIE 2ETRREE DI, ARBONED FIS R Y FIZOVWTE X
WX, 5~y THGITZFOHEMREILICEEET 2~y THfEE TNEFN 01 ETOEZ D 2FH>TW»
5. o T LAl OMRFMDGEIZ, T OBEEHBAGEMRIIP P2 DRIMERHRE LTIELL, Z
NI EOBEIZSBEZ N, ZOLSBARTEEINTWEZ 2 EaA Y —[IFONLVTR=JIZ
HAl L7295 2T, TOBMEHEROMRBIERANDEAZHRTSZL LT 5.

U ALELRFE (2 D W TG 5. RIRDENEPE FRiE0 EE 5T, fElZ2#Mir< TXT 5
FEETF— 2B AL, MBEHEILEL 5. HEALPix DX 548V 7 b = 7 2455 E1%
DB NHWELESHNZ, £DY T MU T T, HIHFIZE T KEREEED S IGT 5 84 mH
ID ZE b Hg 2 WS EEfFFRE (A= N—~y F) BREIZRDE. —FH, BTFREOHBE, BTN
JERED RN T — TR SN, 1 VT v 7 ADMERI TR, #EfFEZ LTI I
SQL AF— M A Y N THRENHEETH 5. - T, FHEMIZIE, NHEOFEZEWTTI VYT Yo
AMBRFE CEETH D 2 WIEETIZBWTIE, HEALPix 2 W5 & 0 HHEHBED A —/N—
ANy RDRBRWSEETH S, 1 EHELYZD 36 MTHREITRE, 2R 4TIEHEIISUBERE
FRIZ 144 HETHY, v THERLIZER D 23D 572 FBIZTITH 150 FH% DB DT —7
BT DIl 5. BAEOREBEIZEWT, DBIZZIDEEDL a— FEIZH L TIRIERICE®E
ThH5 (5.5EBMI) . =7 UVEBOMBEE L, =PI 51470 b Pry bOBREIZAE MK
795720, BY 7 b0 =712 &2 KEKGENEE N-EOM T ED S 5 THHEA ET#EAR W

DL EDKRGET, RERDEELHFNEOEL S THEMRE (74— R) LU TOHMN > -1
FHIFRIFEL BN DD o7z, o TR TIZEMMNZMAEEICET 5 a2 ~CTHIE
U, B iiEaBRATZ L LT,

EXERZDOER

WO ZIELDORVREEEBTSIATE S DML R0, FREEED L 5 7 KERFEE
(MREEAE) RICH T B - FBOFETH S, b - i, BEOMEIFEL R VRS TH
5. F7z, WiEREF/ZS LD REHE (SOIEEEI0E (F7/21F-90%) 282 2MI5MFTE
GHiH) 2RBEERTRLUZWES, PREREREE2ITE SQL XOT.REZ LARITNIXR S AW,
ZD&3IT, WD T— X EREBONG L T 572D S ORI NGB EL 72 5.

ZORD =D, HxZZT O NERTE—LL LT, Xﬁﬁﬁ(%ifﬁﬁﬁﬁ%)’%i
T, BREER (X,Y,Z2) 2525221235, ZZCHEHXEE (X,Y,Z) 21X, RKEROEE
rL, %ﬁ@$®#6%5%&£@ﬁ%%%?$umﬁbww3mﬁ®vtf%5.fﬁf@(
RA,DEC)[degree] 75 (X,Y,Z) ~DEMMAIILATD@ED TH 5.
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e et el il L -
e le lole e le
I 1 1

oeleo !l eole
Sl R i Soa

g e e
el e l alae |l @
1 1 1

X 9: &7 RMRBEEOEAN., BH{bD7-0H, 1O~y THEDN 4 x4 0EXH, 9WMDO~ Y TH
BRI K WA TWD CIREUEAMTH S, HEIRBILEEENGEZ oNRIESNS
MEZEMADEWE Y 7T, ZOMIEMENE =Y UdWE 7 TRINS. TOY—YUIT &
DRBHPHIZE END LT B F DR TERINT WS, SR o5NZME ML —#THE
R5HEE (ZOKTIEIMET) 1, TNHIIMNET ZHBTHOVT NN T DILE S - N
WEIZEEND 720, MBIIhNRE I LIZKR5.

X = cos(DEC)sin(RA)
Y = cos(DEC) cos(RA)
Z =sin(DEC)

COEHEZHANT, ERTHD (X,Y,2) ZHINZHEH L, DBIZBHL TH L. ERERRT
X, REREDOREIR, ThEnd -1 55 1 FTOEBRTETHS (X,Y,Z) TETILNTE,
o> TRIREDEDMETEH, KOMMBTH, KARSMBONR LD, FRERERERTRS
NTVIUE, FREERR TORE 360 ELA T ORE 0 Ex T2 £/ <HPHIZHLTH, 360 &
ERUZDBIWEZD WD LS BRNHLELPAETHL LW AV Y MEDH B,

ZOES1ZUT, EEID IS I N ID %, BEREERTRI N2 OME I BEE
13T DB 2%k 9 11E, HEALPix DM 7L 3) XL & > THR RO E R OAID &
KERMERE & HifR ID % BN 1T 5 HHRICHAR B &, 135 8T, BBICRETE, IDELOM
R ERWEEETE S, ZTOZONEHNIENRT T v 7Ry 7 2 LR THED.

ZDHFEIZEB DB DT =TI, HEEF UKL, T ID, i ID, #REREER 2000
£ (RA, DEC), #RIEREIESR 1950 43 51 (RA, DEC), HHEMEIER 2000 443 5% (LON, LAT),
SR HERE SR 2000 4E47 55 (1,b), ERFEER (XY, Z), €7 RIVEE (Xp,Yp), ¥—Y VIH] 2%
RL7-bDEWB.

IS DS B IREHER 2000 F0 58, FREEER 1950 F0 5, FHE MR 2000 F0 58, H0
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Toward Automatic Classification of Auroral All-Sky Images
to Forecast Auroral Behaviors

Takanori TANAKA*!, Yoshimasa TANAKA*?, Yuka SATO*?, Daisuke IKEDA*!

Abstract

Aurora, which is attractive for many people, is an astronomical phenomenon related to many fields,
such as interplanetary space, magnetosphere and ionosphere, and thus it is difficult to predict behaviors
or shapes of aurora. The big goal of this research is to forecast them using observed data in different
formats from different fields. To do that, we need training data which shows when and what types of
aurora have appeared. In this paper, we evaluate three popular methods of automatic classification of
images to classify auroral all-sky images. We found that two methods based on the local feature and the
color histogram, both of which are expected to classify auroral all-sky images in detail, fail to capture
characteristics of aurora in the preliminary experiment, while we obtained 92.3% of the classification

accuracy based on auroral area, which can only classify whether an image contains aurora or not.

Keywords :Aurora, e-Science, Image classification, 4 —1 7, 57— & B¢, lifRor 5
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Component Separation of the Near-Infrared Diffuse Spectrum
from the AKARI Archive Data
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T

TROMRR SR T D o ITHEB S L7208 « RIS X InfraRed Camera (IRC) D53
F—=% % T, JEHIPH 1.8-5.3 um (A/AX ~20) I T BEBEES A ¥ v 7R ER L AR L

. RIHRIEEEEE D436 h & 1 Il BITIF E A ERID R, 2 OBBEOEEIE S H & v 7t
ﬁ%ﬂf&}%. Zohavarzik Tenrh, Oa—)vFIvsary (BE~Y 7 LD Ficiis n
THEREa Y ¥ S 2 EE 04 278 FDHHE AR Y MLF—% & A, 7 — % I EHEEE - )
THEERIC & 6 FRRILNC ML T 5. MBI L2 IR0 H 5 50 (K S FT 19
D) FRTHRALTL L2, SRIMRNOROFGIIMETE L. £/, Kb yu 72Tk
HMRIRRRE % | #EG (ZL), SRIMRNIEHOE (DGL), SRR AEEE (EBL) @ 3 43 Ic 0T %
FIEI L, S SIKHIT T & DFFNTH 6 Fi 7 ARG S e, KT, Tda 0y Ik Bk
HIERTETREEE S CRNT ICRHE U 72 7 — & T ik &, ARIMERETIEEE O R 55 ﬁ%ﬁ@?& IOWVTHRS.

Abstract

We constructed a spectral catalog of diffuse radiation of the sky obtained by the InfraRed
Camera (IRC) onboard AKARI. There is no precedent for spectral catalogs of the infrared diffuse
radiation, thus this is the first infrared spectral catalog of the diffuse radiation in the world.
This catalog contains the 278 low-resolution (A/AX ~20) near-infrared (1.8-5.3 pm) spectra
of diffuse sky covering a wide range of galactic and ecliptic latitudes before the exhaustion of
liquid-helium. Advanced reduction methods specialized for the slit spectroscopy of diffuse sky
spectra have been developed for constructing the spectral catalog. Point sources brighter than
my (Vega)=19 were detected on the slit and masked for deriving the diffuse spectrum, and the

brightness due to unresolved Galactic stars under this detection limit is negligible. Using this
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catalog, the diffuse radiation was successfully separated into three components of the zodiacal
light (ZL), the diffuse Galactic light (DGL), and the extragalactic background light (EBL). In
this paper, the specialized reduction methods for AKARI infrared diffuse radioation, and the

method of component separation of the near-infrared diffuse spectrum are described.

Key words: AKARI, Diffuse Galactic Light, Extragalactic Background Light, Infrared As-
tronomy, Spectral Catalog, Zodiacal Light

1. ELU®HIC

ME22IZREHEL 20002 ) EWIVIE, ANVN—2ADRF Ky 72 LTELTHS. 2w
W9 BRI L, FHE IR R - ERMICERTH 2 L WY REOFHOMMEO N ICHHINS. L LEFN
THM, WRIZZRIKOIRTIZ R, B K- TS, 20X BFH P S OMHBEE & L TROAEH LD,
By ZNVFHER DR E b e o TG~ A 7 v R (Cosmic Microwave Background, CMB) T %
23, = A 7N ORERERTHFEH KL > T3, WRIMETDEDI 2 X 2L 7254, Zohic
WEEIZUTDO3IRAVEENT VS,

!

o HHEDG (Zodiacal Light, ZL) : KB RND & A+ (REMEE) 1< X 2 KBEOBEDE (KR <3.5 um) &
F OEEMIEED & DBV (R >3.5 pm)

o HUMRNHAHOE (Diffuse Galactic Light, DGL) : S2ND ¥ 2 M & 2 B HEH OHGELE (R <2
pm) ¥ X OB (R >2 pm)

o HURNE FOL (Extragalactic Background Light, EBL) @ KFRNE X OEUHRNOBERI D57 % 81
HIfiE 2> & 72 L 1T M5 % SRV E ST O TS

NS DR OBMIEIC S 2E AR, Bl SN RKIRICH X523, 88 X% ZL:DGL:EBL=7:1.5:1.5 BT
H 0, SRMHE AL Z B\ CEEEDEMIEO K% o 2. FEEETRE I IR, SR 3
SRR, WRNGHEIZERKTIRIF—RRICOAT 2 & ) EEEEDEVEZHHL T, 2ns Z8HliEs 5
5T BE 2 FA L T UK OFHE (FHEE=APR) 2065 < 05 (WEE=NRN) %, H—0#l
HWF—%%y b ofET 2HIRETH 2.

AR C OB BIANL ) FIEED X 512 10 552 2 W REKNDETED 7 D HL 2> & O BN IEE I
HEECH h, KBNS OBIMRIETH 2. 2 2 CARRL T, FRIMER AR THH 0 ) (ASTRO-F)D
ICHEE X A - RSN 2 T (InfraRed Camera, IRC)?) 12 & 2 ARIMSFEHEEE S E BN D WL TR R 3.
B S N AR IMRIAERIE % 20 B L AR MV OE 2 TR DHET 2 521X, 8Os % %
BT 2 803 H 5 03, FiE DI Z H - TR 2 BEIT I, Thbt HIHNORAEBT—4 Th-
TH, ZOBHIMES SN TITbI DR S, ZOFT =Y PICHBES T b EENTwE0T, TH
DY DT —HATTF = DRh 2T T — 2RO LT LD TTF— 22D 3 2 LT, %
T—8 2 G LR ZNZE N E I N TR EHN S TR 2 2 B R 25 S TR L. £/,
ZDFHTIZ & > THER S L7 A WRIB IS b 72 ZIHBREE /2 A Z v 746 L, —MRBH L 7z, ARIHRR RIS 73
WIEREE N & OB 2 F D H Y, T OBBEORIMRABEEEA X7 s v v v 73Ry ch 5. i,

O X DFELWINE, RO S N BREBUR O FEIIC O LTI SBICHI S hui 34D BILTY
S5IHEL, KL TIE Tdrh ) 7T—AA 7 F =2 I L 7 F— ZBITIc X O, HFEEE A =2 S L2850y
THET 2RI R - TR 3.

@ http://www.ir.isas.jaxa.jp/ AKARI/Archive/Catalogues/IRC_diffuse_spec/

This document is provided by JAXA.



FHE AR SGE B 137

AN o b o o0 R D R R

Masked

region

Exposed

region

y
511

. :

0 411

Imaging Mode Spectroscopy Mode

Ns slit
(Spectral region)

1: "®5» D) IRCHONIR F ¥ Y ZANVICEBT A EE—F (L) BIMETHESNE—F () OHEBRDH].
ST — FTREREFEREDIE (R v b L AGK) WA, iR ERICHES N2 v b &2 HoIEEOED
SIELFRETH D, AWIEIE Ns RV v P TOIBOGHI T — 2 2 vz, KO EBIZNs 2 v Mk KR
A7 PVHEBOERK D72 (3 7 FABHEPLT R I ICary P I A MIHELTH ).

2. F—HUE
2.1 F—=H4tvhk

THn D ) BRI 685 cm ODFEFHZ S, 2006 4F 2 HICH S BIF 542011 4F 11 HIGHAZK T L
2. ZOW, RO 550 HEIGHIR~Y 7 202 X D RER (6 K) £ chiEisncsh O mettigo sz 5
fiEL 7. IRC I TdH D) ICHEBINE - PRI OBIILEETH b, EX OS2 ET 5. M1
2 IRC 1T & 28 s X ORI H GG 2 7R .

IRC @) BRI EDF v~ %)L (NIR F ¥ ¥ 2 )V) 3R 1.8-5.3 um % 512x412 €7 &)L ® InSb I
HETHAN—L T3, IRCHED 7 4 VY —F A MCHBESI NI 7Y AL ZFATEHT, G2 EH
(A/AX ~20) 43 (NP E— F) e D B2 2 Hsulfigcd 2 1. MIEOSEOB A, Wifg F i CEEOR
%20 v LAY, B LG EBONEILTICY =7y P REZFAL TOFN, L) O T
b5, —H, BHEOCTHEHDAY v PO HEINTE D, AZETIE 5 AR <0.8 7R (2.8x27.2 EZ & )L)
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DNs AV vy FDEFDT—F 27z, Ns A v b 25l L 72635 #E — FCldfhids L oiimic
65 EZ7 2 NICH Y IS (M1 ICE W TEMPREEE). 20 65x27 €7 2 VOfFEEZ A7 FVEE
S

"HH D) BT — % D13 A X 1E AKARI Catalogue Archive Server (CAS)®) 1o TABI ST 2
RUFFETIE, AN LU T DEAFIC X D T2 77— 2 it L 7.

e NIR F v v Z IV DES DT — %
o WItRAY Y ARBRTICEIIL 72, HiBkEa v & 20 9) s — (2006 4E 9 H2»5 2007 4E 5 H 0 i)

ZOFMEDT, 349 MOTF =i SNz, D)L, HBNOHZ WETED S ORNETHRIN TS
B RET— Y RITICE S T =¥ R L RIS 278 D T — ¥  RRARITICH W B S E L. R
MICHE S 72 T = DK ED DA Z R LIDODBX 2 TH S, ERICIET7 VI L TEROSDD, HHEERE -
R X 5 FIAK F—=F D39 L T3 {9 5

2.2 MBBERDODELS|IE

HROMETEIEEBINNIC 5T 5, NASA O FRIMEK SR Spitzer!D 122 T ) OEfIEIE, a—L
F¥ vy ¥ —DEFETH 2. L OO EZ B 2 2 121%, BIAIEOFE R 20 2 7 O I EERO 2 L5 &
WRAETH D, ZOLRIZa—N Fy vy ¥ —%HU CORERMENEIHIETH %3, Spitzer 13— F¥ vy
g =iz 20 12) 2o HHEOHHENESTE RV, —HT (b I EETa— LRy vy ¥—%
PHL CORSEHM Ui’?ﬂ@ﬁ{ﬂﬂu AT 7210 Tld e <, B a N OIRGaE (B 1) 1< TRXBI b B ER 2
WICEZY — LT3, BEEKE 13 IRC HEE Lo~ 2 7 S fEEo 2 LT, KXBHficsw Ty a—
WET vy ¥ —DHHUCTwEREEL (BERZIIGETE 2. TN T—F 2T, #Hik LliGERiEE S
wETE 1D U, AR L 7

77 PV BAIIIERPETERE A (South Atlantic Anomaly, SAA) & FHEI 2 BUEFRDSIER IR < %4 5
TEISFET 2EPASNT WS, THPD ) BIDSAA Z @ T 2 &, EHRE v M RO E W, K5
TOSEIT 5. FERDOBEERMEEIETIE, 100 D=7 7L =L R LAEDEILA—NR=F—I 7L —L%
HANCHEL T E, 20k SAA EMEICHE ) BEERBEINE U 72858 % 07 TE LW T WD, ZNTIEE
HERHNDIE—KR R ER OIS TETCE ST, A+ ThHo 7.

22T, "®H» 0, IRCDONIR F v v F)VICET 5, RIE~Y 7 kg2 — L Py vy ¥ —%PHL T
Fone7 VLY =2 7L —24° (§4500 ) 2T L 72, 2D 4500 D& — 2 7 L — L% Hw T, B
WTOIEERDOTVHE (C) EHEZ IV (i,7) OIEEWRME (D) ORRZ2E 7 Ik LT, i
FIE OB H 5 2 LR FRL 72 (K 3).

Z OB E vl BEERN COREROFHEED? 6, 2 TOE 7 v VOIEERMEEZHETE 5. %L
T, BEBN TOREERIE, 3=V Ry vy ¥ —%2L Y =7 7L —2DARTERL, 355(@%{5“'43‘(%)%
=L TW3h Ho5WERLT—FICNL T, ZOMBIBIR2 S, a— LV Py vy ¥ —%BAL %35 *Hélﬁ‘
25— 7L —LEWETLIHNTES. L2d IoHFIERIC X 2IEEROREEICIZ, %345007(&2:113’)7(%0)

b AR OIS EB T, HIBREAS ThH D) D8y 2 VICHELS OB TIcEE E LTA-TL £ 9 Zfihd 3.
c Uty b7/ 2 —DWERRT 5, SBMNRICHIG SNy =7 7L — 0N, BHlRTICERS I NS =7 7LV —0 (TL 5 —
77 V—2»5) OBRERGH TG,
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SRR, B2 ZOEOHL I 2 KL T3, OB IICEFICIAD 2 O (Ko)ll) T,
ZIUSHLTAREL A= 7 L TRAZKDOWSEENTH S, (Fil, ET, HF) WFTORLEMED THh
D3 ERIMRA T PV, BT kb, EEEDSTRSGY & % o T 45, DGL 235 & 725 Tl % Fl
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3 A=V Py ey =2 TG L7 =2 7 L — A 4500 KIS K 2, IEFEIIN CORGER O T & |
b5 E 7L (1j)=(301,200) 1B 2 WEEFRMOHEOH 1D,  OMBOBEE 4 Ay, y VI3 B,; L% 5.
KA DRIE T 5 BIHE — F (Astronomical Observation Template, AOT?)) OfERZRL T 5.

F—=7 7L —bZH0T02%p5, ZOTIEIC K ZHEENZ LG EDOANEEE 1 ADU R (IRC D N2 /v
FC 3 nWm2sr~! M) T, fERD Tk & A 5 M R 13),

COFEONZ, B LICh 2 HE L 2 f T, HERZEICEZY —TE oG L A>T RHNT
H 5. ZOTFHEFEAM ISR S 2 H1uF, KERICIR S, SAA 238 2 HiE o HER BN RS
BIGHARETH 5.

2.3 RIEDVYRAY

T—=FIZEoTEAY v b EIZRIBEWPEET 25680355 %03, AL CIXEBEE R X7 FVICEKRD?H 5
Ky, COXIBRFEA27T 5. THrh, OoF =%ty Mgk, BlHI€—F (Astronomical Observation
Template, AOT?)) 12 X > THED A7 FVHEHRDIM X LT 2208, R ORAREEDORIE D 5, 2 v
F EORIROALED 2o OGP Ic ik 2 (K4). 2 2T, Filiffg L TrRIEOMEZBB LA 7 L
7o MR IZER D EY S/N TRIERIE T E 23R 2 um fHE TV, XRTERT mg = 19 £ TORIRZ R
ML, ZOoREZ2FEEICHL TR 7 Lz (K4). 20X DEEWERMRHNO EH 6 OMBEE I T 25513
TRILEGAL €50 M) 1 X o CoHli L, R TE 2 HEMER L 72, 7, 20k D BROHRI A © ik 1< 5
T 2551, T4 — 7 =4 1) OfEHH» S K Ny FC <4 nWm2sr—! LHEEI NS,

o, B A LFARICHA Yy PEZRILB A7 L. £7, kDS 7 FADPROIEE 2 pum fHED > 7'
NED 15U ERERERZFOE 7L E HOhRAYy FEZRLELTRAZ TS, 208K, FRE L
ZXHIRTBE 72 N%E 30 7Yy EVYTOBIEE L. ZOBEICED, 5nwhy FEZRILVHED R 72
BT, AR FOVEHRD S 1 RIGD AR PV REH L 7.
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24 779 9XAFvVIL—Y3av

CORETHRO N 1 R AR PVid, Bild O M HAITH 5 ADU THIHINTWw S, Tz AR
7 FOVSEERI DEEHER R & BT 2 T, WP R ALICBEZ E 0 H 5. ARUFZETIIEEHERK & L T,
KF09T1 &\»9 KOIII B (my = 8.11 mag) ZH 7z, ZOREDARY FLIZ 3 %OEETHZ 6N TE
D, Spitzer/IRAC DEHENH & LCHAHIN T3 KikTH 5 10,

7997 A% %) 7L —a v ORERRD TV D IBEEREDOMEICHEETH 5. EEREKIIIRG
FIHTDOARY Y PLAGHITEI D ART PAT =BG NT 05D, ZOMEZRZY 7E Y 2)VKEETRD 5
FEIAETH D, Z DMENEELRDOPEEAEWEREN%T7 7y 7 2% 2 ) 7L —y a VEEZIRD %
FRE 220, FRICZDOAREMWEE 7Y AL X 20 HAVINI W (LEZ VS D D ANDKE D) RAEHEE (<2
pm) THETH 5. 2 2T, BHERKROMERERELZ 05 E7 L E LT ZNUCERTZZ7—% X v
TL—YavIi—ItiAl. 6, REERETETHEIVNSWAEOED T3 VX —0FEL > 7 F Vo5
W, PSF OB OFE L KE W, 22T, MBRICBIIRMEE 74 VY —TH2 N2 74 V58— (K 2.4
pm ) TOHFRT—Z 2B 2 PSF %, 3T — ¥ ORI EIHEIGT 2 T FEZ2RA L 2. 2ns ol
AR RENE 79 v 7 AF v ) 7L —va /it k3 RMME#2K 5 1087,

2.5 BEDT—Y EDHE

P EDNEE 27— 210 L CHEG L, FRBUCBI ZHEAR7 bveEH L, Ayae /bl 2
nNonAhyu NI AR bVDOZBERMER T 5%, LT O 2FEOMS L 7287 — 4 L i L 7.

ANE, HAK) O ARG 58S Infrared Telescope in Space (IRTS) 17) 12 & 2 1% 1.4-4.0 um TD
RS 7— 4 18 L oliEch 2. THah, & IRTS TIEIERE UK GRS LB 217> 77—
DECSEIET 2. 2 20, R 2.2 um IS B 2 B0 FHIZLE BB o EEEE 7L 19 cEE L CHiIE
L7lc il U, o IS ORI T A =27 R AA—L T 2 F2 R L7 (I 6).

BT B TR |

o1 b -

Calbam tion e

Ir=mme

Wnwelength [g m) vaoe =

5: 77w 7 AFX ¥ U 7L — a v ORI R 6: THH»Hy () & IRTS () OMEIEEE R <7

D, PR 2 pm METRERIHOHAC 557 L oliEof D). #EEET (A, §) = (130°, 20°)

&, MLERDIRAZIC X B HEIREEED, 77 v 7 A DRI %, 1995 4F 4 HIZ IRTS 288 L 77— 18)

PUEICIRAL TV 5. L, 2006 4512 HIZ THp 0y BBMIL AT -5 %,
BB GO FEIZ M DOHIEZ L 7 BICHIKL Tw 5.
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b 9 —k, ALHHEAER CIRIIC [ U IRC TS n gk T —4 1D toltich 3. 2 odes—
F1x, N2 7 4 V¥ — (B 2.4 pm #7), N3 7 4 V% — (R 3.2 pum #F), N4 7 4 V8 — (R 4.1um #F) 1<
BR & 4208, VEOIRGEI 0 72 HFTE O X DB ATE E CHD Rz ECHEE B TETWE. C ok
E L H IO THES L T3 ERMERL 7.

3. FNEEEEANRY NIV DB
3.1 ¥ (ZL)
TERE N ZA X7 P Vi, LT 3RaBEENT W3,
SKY;(\) = ZL;(\) + DGL;()\) + EBL;()) (2)

2Tk, fERR L 72 278 MDA X7 bV Z KB T 27 —¥HH5TH 5. T WEERDTH 2 #EHiEEICDO
WCIRNT L, #5582 B0 RET 2 Fa T L7 9. 2 OMITcB » T, e Tk DAL @4 L
1 &% L7 Lot ziEd 7. 1R 3.3 pm DEETTHFBRRALKTE (Polycyclic Aromatic Hydrocarbon, PAH)
NV R R - ARERROTI CIERIE S e o 2o By, BB AR PV PAH N Y RN E W Z 5.

FHEGIZ R B X OGNS X - THEEEDYAML T 5. e A L2 ¥ 2 o2, JLEEimpais 2 5 7s 2 R
TR L ZZEBEEA RS LT =7 2 L 72 (K7). SO S, BHEHRD AT MLk, [H U KT
ZAIC B W TE, ARY P VOTZIRIZZAE T, RN 22 T 20T 2 H35h 5. —J5C, Bl (B
EYEDRK) & ACHHRRTEIS, (FHED RN TOMBEEARY PV T =5 2K L 720K 8 TH 5. X8 (F)
ZRDE WHEDARY FIVOMIZIEER 3.5 pm ZEICEEICR>TE D, 2Ol TIZFEH E 225 T 5 8
HTHi s, 2, #HEROBEDER T (R <3.5 um) & BV (R >3.5 pm) ZNZND A7 b
IWOTGRIFIZBITIC & > TEAL L 0y, KIS K-> TliFEOHIFZL L Tw b EHFTE 5. fE-> ¢, MELD
AT M ARBSDTHET 5A1F, 2O 2T T TEAZNENRD 5.

D A7 FVIBRRO A Z T 2%, £3FI3HEN & LSRR 2 A7 LR 7.
XD MFICHET 2ERBHDOAR PV EF v eV INDb. ZOETART P VE, BELDEES
(5800 K) & BT (300 K) IC/BfEL 72 (IK19). Zho Z28Eo Ty 7L — b A7 bLE LTHAT
% . EHECOMEE L, NASA OH R BLHIE A Cosmic Background Explorer (COBE) IZ#5#( X 1172 Diffuse
Infrared Background Experiment (DIRBE) D@l kD  #EHEE 7V 19) pfitiiz #EL L 7. = @ DIRBE
BT TV, RO HKG L PEREZ AT % L, W 1.25 um 206 R 240 pm FTD 10 N FOEEE
DEBH I E NS, FILOMEBEEA X7 bLvAh &y 70457 —212xf L 20 DIRBE #iEYGE 7L D% G
L, k% 2.2 pum DE FOVIEICH U CHELER Y %, R 4.9 pm D€ TOUEIS S U TRV 2 LT o X T
HOELET, KT —FIINTZEERARY PV EREH L 7.

ZL;(\) = ZL5%()) + zpthermal )y (3)
ZL3(\) = DIRBEZ*'™ - ZLEA (M) (4)
zrthermal(yy — [DIRBE!™ — 2L (4.9m)] - ZLipemal () (5)

BoNIEENARY PIVOPEE 3.5 pm TOMEIL, R 3.5 um TOETMEE L —FL T2 HEHHERL
7. K10 1F, SOFEIC X > THEOSNLEENEARY L E GBRICKGEN DSBS N EHENRART b L
18,21, 22,23, 24) ¢ Wi L 2: b 0, AFHEIC X ZEEHARY FVGBEOBIIRER L XL Tw2H
DHER SNz, ZHuc kb, DIRBE #58%E 70 19 2824 2 $ic, (L0 - KiICE W CHEE 1.8-5.3
pum COFBNART PLERDENDE L)L o7,
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7: AL C OWMELL 2 <7 kL (BEEHSKRIN) O3, (/) 2006 41 H 1 Ha s L7
Bt o, 250-300 HE () & 360-400 HH (FR) DML A X7 POV PFIMED . T J — N — I3 #iaHRAE &
R AEDOWEZEAT VDS, (£) 22D ARY LD, RS T 2ERMNTHENZL L T3 :035
5. Fr V7L —vaVvilHORMAEIF v L EINDE, L7 —N—I3RHEREDAREA TS,

il T or
L (a) Ecliptic plane ] 1
NEP (b)
alt a 50 E
€ o] b 1t o
= 12 11 ]-T'l -
= |'. o 1- HT-T . :L:T_[f:
2 400 a 20 ~‘|'J:]-_u_~-*--¥“-fa_
n : _:.r
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R
Bloaasuitiniantanaaniiaini cdue v (1] PP Le s tsetnn s bt s et teeatattsssasetessirrass]
1 3 4 5 ] . \ ;
wavelength [um] wavelength [um]

8: THMEFE 2 =7 b (EOEESERN) OEREEE D). () MOl (F) &AL (B) OmE A
XY PO, () 22DAX7 FLO . HELDGE S & BV OB T H 3R 3.5 pm [HEICH S
WRBENRILZ S, 5 —N—IOWTIEX 7 & FRE,

3.2 HARAILEE (DGL)

DGL & B2 b7 & OBEEH & OMBIBIR %2 T T, —# D RHZEHIC B 1T 5 DGL DRy HEic A
THD TR L7 D, £9, DGL 28k L 7 %05 3.3 pum # PAH /3> R ORREE (B4) % M L, 8%
DRI A b 56 DWE 100 pm HCTOBGE (SFD v v 729 & X Ok EkEEE 260 & oMz 78~
7o (M 11). ZOFERD S, DGL 3 HRKFEDOHEE X D R 100 pm HFTOEMBE & DF7 DB < |
1 100 pm 7T O BVBUR AR O TR ST 2 B T, ROEUEHB D S 2 AR S M fz. PR 100 pm HF
TOEIE PR FEOREIE X D MBS R HEENIE, FHKED T — 5 DS DM R TH 5.

KIZ, 2D DGL &R 100 pm HTORE (AT100#™) L D B OEIEHBIEGR % VT, DGL D AR

FL L. 31Tk AEEEEZAZ LI &, ERMHET 2D DCL T 4220, UTD L) Ic#
5.
SKY;(\) — ZLi(A\) = a(X\) - AL°"™ + EBL;(\) (6)
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» AKAR R NIR spectrosoopy (this work)
. . + AKAR R MR speciroscopy {Qoisubo e al. 2008)
& % Ezs::: Eqmr};ﬁl R [ ARAR IRC im@ging (Pyo ot & 2012) 1
*\ e . « CIBER LRS (Taurmura ot al 2010}
\ o RTS NIRS (Matsumato at al. 2013)
. *\* 8 RTS MRS (Ootsubo et al. 2000) .
- - O DIREE A modal {Kelsal et al I!EI‘:‘G:II -
3 “ . 5800 K 300 K B -
2 i, &
Mty ; 3
‘g ‘i X000 | E
5 : &
5 1]
-g £ B
[ rﬁ
ol % 100 | J
e r]ﬂ. . | |
15 2 25 3 35 4 45 3 1) 1 10
Wesshargth [um] Wavelength [ m]

9: WHEEDBEIERSY (5800 K) & BARUH RSy 10: wifiiE - FEEEIRT O, 5 & TICRKBS)
(B00K) DF ¥ 7L —b A7 LD K22 um  OMEBSINAEELRA R PV D, aToF—ri

BEO49 um THIELLTH 2. DIRBE ##%E 7L 19 it L cabET0» 2.
(ad = SFD .7 (b} -
100 ¢ - = 100 L s o
0E e srp” 1 10} 3
o o £
£ -
I s
é I k| I?l, I |
& 1 [ i
o1 { 4 01 I ]
om L L oo A 1
0o 01 1 0 100 i 108
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11: EHEEEA X7 PVNDOWE 3.3 pum 4 PAH N> FOMEEE (Es33) &, RS A R 56 OWE 100 pm 4f
TOBBI (/£) £ X O K EOREE (£7) & oMY . SUTHEATE O BE% RS2 R E RO
Wons.
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% 2T, DGL & ¥ 100 pm H7C OB & DRIEHBIZ > 2729, Migopm < 3 pWm™2sr ($fE T
| b > 5° IHY) DADTF =8 2T, FWET L ICZ2oMBEZH#RL. K12 2320MBZRLTED, %
WETOME a(N) 25, FIT 5° <| b|< 15° TD DGL D A7 bR E & 2. Z OMIBIfENTIC & 2 DGL il
HOBEX, R <3.8 um T5 %, R 3.8 pm 205 4.2 um T 15 %, HE >4.2 yum T 20 % TH-o7%. 2D
DGL AX7 FAJER a(\) D3RIBIC X 6 F—E ERET 52 HT, DGL DARY FVIEB T X ) IcET 5.

DGL; = a(\) - A" (7)

ZHUS XD, BHE 100 pm WTORMS A Fh 5 e v 720 2BT 35T, EEORRICE »THE
1.8-5.3 um TD DGL A7 ML RDLND L) Iko7. 56507 DGL A7 P LK 13 1R, ARif
FIZE DRSNS DOL 27 kLI, @D DOL 27 Lol 27 28) X h Rz 2> T 323, B
TORHIZX D AWFZED DGL #EE D HIE L . EOHEE IZIEE 100 pm FTOBEES & D HAHBEE W
FPOKZEOREEZACTE D, Lo bBUi OB EF (HI ~ 2 x 10?2 atoms/cm?) IZKFEL T 5. L
L, K11 () 2266 h 7% & 912, PPokFEO =B (HI > 1022 atoms/cm?) 128 W TERHNIC DGL
LB TN TE D, THDEKETHEDOHEE TIZ DGL 2 KECHED > T,

i, FEEEOMTICE W TIE, 3.1 i COHHEND ST 7B & AHiTD DGL D5 o7tz KAE L, iz D UL
WiRZRD TN 5.

_ 5001 (b) 331 4m
b o
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E Ea]
%\‘ oo E‘ 100
z z
.
N N
':_\ 1
% 3
10 L P " . A L
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s00 — e 500
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N 3
g 100 | %F;
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- ]
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| ]
2 ke
ha) (T3]
1n A o alls o A A i
VR 1.0 5.0 ;
SFD [pW/m2/sr] SFD [uW/m2/sr]

12: WL OPDERICBIT S, SKY;(\) — ZL;(\) LHE 100 pm TOEGET (AT100#™) & DFHEY.
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—— Mattila (2006)
Flagey ot al.(2006 E
- AKARI (this work) 1"'.
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Warvalangth [ 2 m]

13: A1100rm — 1 ,qu*sr*l(HI =5x 10% atOIIlS/CHl2 ICHY) TR =Y v 7' L7 DGL DAY b
4)
12

3.3 HIRAERK (EBL)

HiTfli 3 C OB S LT EDE (ZL B X O DGL) 2% L3I $T, —K7%4 EBL 2 L2 Y. Fid
DEHI, FWETLIC32fi TRk DGL @M% 2 L5 E, 2k 3.1 fii TR 7 E#EN L D%
o 7.

SKY;(\) — DGL;(\) = C(\) - ZL:(\) + EBL()) (8)

ZOMBBRZERLAZODBK 14 TH S, ZORICEWT, HE C(\) PEELOMIEETIZIZE 1 Oz D
(AR5 %), y IR D32 2 TROZLOERBSH EBL(\) £ L T\w5, L LT, #iEE DGL OfftE
WS AREME, vV 7L —y a VIERTIAEE BN TH S, 2o 28 L &N EBL ©
ERSIE X, RSO X 205930 % BETH 5.

1512, 2OFFETRD S EBL DAY P L%, #iFEicke & EBLLS 29,30, 3D &5 1 oxpgpsn
D OREEE 15 32,33, 34, 35) L ¥ 4 10RT . W <4 um TIRETES EBL 2BILTETE D HEOBIH
FIRk, BEAI ORI DREFE D & DM b MER I 7. 156474 EBL I3 858 A - SRR & HITIKFEL TE S
T, IR L VI FOTER L. 2R LEEL AT UER S wE L LT, AfE2 &0 EBL
DHEIFIZIZFET, RARDOHRETH 2EENOHEZETNVIKEFEL TR EWIHTHS. b L DIRBE
HEEE T 1D R FEH IR TOLAL X ) BRI RS BEIE L 8, 20 X ) B EATET
F—RRAZ EBLICEENTLESTWVA L W) FICHEENLETH 5.

ZDEHIZENMIZ EBL 23R 2 HiE, e L TRIHTEZR\WiEG S L IR & DFLNF
FEICED &) B 52 -0 % 2 ETHETH 5. FHCAWIE Tt S 17: EBL % 3iH 3 2 %
121, FIFE 0 KRB A AR 30, 37, 38, 39,40, A1) % g 12 548 7 intrahalo light 12 & %
542 5 P RRONE A E 2 2 BEND Y, 205 OFHMENIC G 2 2 R RIS 2410, &
212X D EBL D AR7 PV Z MR O 7 FITIIRELRBEDLD S.
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4. E&o

IROMRR SR T h 0 g #EW O - HRIRINRE A X F InfraRed Camera(IRC) IC X 27 —A A 77 —%
ZHOT, PR 1.85.3 um TOWEBEA R bV AYa 72 ER LA L. 2OF =% ZH0T, (LEOKE
A e KIERICBIT2HBELBEODCL DARY ML ERDZFEZHFE L. ZOFRICKD, Bl /2R
DARY FADLHIROBEENE L N DGL Z37T 2FIY L, —8k% EBL AX7 MLV 28T 55
WTE.

I

AZENIAHRIRR R TH2 0 ) WX 28T = ZHOZBRRTH 2. THo D ) 13, FHiizemsib
FEHEME (Japan Aerospace Exploration Agency, JAXA) DSERMFHBERY (European Space Agency, ESA) &
DO TICEB I 70y 27 b ThHD. ANEOEBICH-D, Tdd Dy IRC F—LDEMKD L D
NzETAVT. Ei, AHER (K KRYE) 8 XTI —3IK (ISAS/JAXA) 127 — 7 AFIC D W TEHEE
Ko7, 20 OFERICEILZH L L E 3. AFRIESGERIAA B X T HARAHRILS OB~ it o8 2
4 (21111004, 24111717, 26800112) DEIKEZZ T 72 b DTH 5.
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Data Processing of the Alpha-Ray Detector onboard SELENE and
Improvement of the Resolution of Radon a-Particle Intensity Map

Katsuyuki KINOSHITA™, Toma NOGUCHI*, Masayuki ITOH*, Takeshi TAKASHIMA™,
Takefumi MITANI™, Toshisuke KASHIWAGI™, Shoji OKUNO™, Jun NISHIMURA™

Abstract

Alpha-ray detector (ARD) onboard SELENE was designed for detecting a-particles emitted by 222Rn
emanated on the lunar surface and its descendent nuclear species 21°Po. Distribution and variation of
radon gas measured by the o-particle signal is expected to provide information on the subsurface
uranium distribution, crustal structures including faults, and behavior of the thin atmosphere of the
moon. In this paper, we describe the flow of ARD data processing and a method to derive the a-particle
intensity distribution utilizing the angular response of the detector which is applied to the radon
o-particle observations for the first time. The method improves the resolution of the a-particle intensity

map and enables detailed comparison with the geographical features of the lunar surface.

Keywords: Moon, Radon a-particle, Data processing, SELENE

=
HJE A2 SELENE IC#53# S 7z o SR HES (ARD : Alpha-Ray Detector) (XA min bl Sh
222Rn 1 KON OFAEEEFE TH L S 210Po 2O SN D a EZBHIL, ARBTOU 7= L05MHE LD
Wilg 7o & O E, H OfMERKROBBEFEICHAT2EREHGL L2 HE TS, KL TIE, ARD OF
—Z OGN E, HEINEREEBE LA RO o IRE S OEHIFIEIZOWTRENT 5. ZOHEI
HZ Ry a BT — % QT CTIIEO THWON D DT, affiRES~ v 7 OfMGE%m EL, Hi
B DM 2 PR L T 5.

TOERFRFERE AR ERE PSR (Graduate School of Human Development and Environment, Kobe University)

Y2 SEEHRVEIEET KBEREFFEFSER (Department of Solar System Sciences, Institute of Space and Astronautical Science
(ISAS))

3 PRI KT HE (Department of Engineering, Kanagawa University)
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1 kLo
A JAEEAE 5 SELENE (SELenological and ENgineering Explorer) (% 2007 4F 9 A2 JAXA IZ L VT
HEF B, 2009 4 6 A2 v a &z 7. SELENE |2/ 14 FEOR 2B E A B a D
AT ST V20 KT, RFHRBRHESYT 7V AT DMEST b5 o #fHE ARD
(Alpha-Ray Detector) 7 —Z LD L, MAEERERIS A B8 L7 A D o $REREE 5347 OB 51T
OWTHNT 5. BlfE, Flix OBAKEIROT — %1% JAXA ® SELENE 57— 4 7 —h A 7 9% U CTAR S
TS, ARD 7—# b ABRIC AT 7o i 2 D TV 5.

2 ADT Ky a#gL SELENE/ARD OHE
21 A3 Ry oBRBA

HEMN SR ENTET RO o RO ML, 1966 4F12 Kraner il X 0 418 CTHefi & 417z 9. 222Rn
13 238U JREERINCEZ END T2, ZORBEICE > THIBIND afiTY T =0 L0MOEEL 7%, 222Rn
T 3.8 H THAE L, 5.490 MeV @ ot Z it 92 . 222Rn 13 o AEEMR, ERS)DEZE %2 #% T 210Po ~
EEDH. 22Rn 7D 210Po ~EELHIFH A —/L1E, HPRIEFETH 5 210Pb O 22.3 (FIZ L - THEL S
%, 210Po |3 138 H T 5.3056 MeV @ a itz il 9™ 2. 4725 222Rn o MO HTBLINET 1 8 e
FEDT R AT ADN, 210Po a MO T ELHFERE O A O BfEZ K+ 5. AEod 22Rn B X
Ot 210Po o ABIHIT 2 2 & ¢, AfADAE RO 7= K404, Al 05 AR EHT & B 2 WiEss
DO HFERETE, ARHERKOBESICHT 2 HENGFOND LS ND.

AWMED T R a L, Kraner HOIERED HEFEEZIC Apollo FHENZIBWTHIO TR S 417z, 1971 4F
IZHTH B Hiv7z Apollo 15 5, 1972 4RIZHTH LF Hh7z Apollo 16 512 o #ik Hi%s (APS : Alpha-Particle
Spectrometer) 23ME&#i SN, TOBMNZ XY, TV AX L3 &« 7 L—F— (Crater Aristarchus) <>, H®
WOJERRTT R a MTRE OHIMNRHE S TND 96,718, 7272 L, M SA72 o BRI I A i CHiEk R
& FRIRREDT RUttnd 5 &E LT L7z Kraner o> T#I 1/500 F2£E T >7=. Apollo 1T H D
ARIEATHL % J8 B3 % B3H % B> Tz 72 sHBLINIE P O B SRR BR 4, E7-BLIIRT & 10 AFREE IR
Folz. EDO%, 1998 FITFH LT b/ H AR A Lunar Prospector (2% APS 3@ 341, |7 R
a FRBLIIAMT 2 o7z, Lunar Prospector [IABHLE % J& 7] L 230 HAREIZ 7z > THREROBINEZ1T 2> 72
9,10 L2aL, g A ARLFHRB LOKBRIC L > THIRS DT —# ORMFREEDORAMNS, o
MRBREE AT~ » 7 OGEEIE, A OFREMITOREE - #%FT 10 £ (F2EHET 300 km) FREEICRIEY, Al
DHTZHIRHE R & & OFEM 72 Fel 35 Lo 7.

"5 RUOHEE L A OENEEDD, HIHENET KU A AR km BED R r—And FNTAIZ R T v
FENTND EEZLND.
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2.2 SELENE,ARD

SELENE ™ ARD (% Apollo 3 £ O Lunar Prospector ([Z#< A 7 Ko a #8LHIS AT L TéH S 1. ARD
[ H 2 A 20 EI RS Apollo 35 & Uf Lunar Prospector 0 o #t# H &% & i LT —HrLl bk & <, Blo#E
FEOm ERARE L 0. EleBEREDE MRS E OXFEIRGFHICEL Y, FERICE DNy 7 7F 0 N
KIBIZES L, BHRELZRE M ETHZ L2537

ARD [T[HIf5 2.6 X2.6 cm?, JEE 100 u m @ Si H-HKE T 48 fHTHEEK S 4, HRIHESAZIEFEIL 326 cm?
Thd. 4#FFE 1=y hel, 4 2=y NOEERFEHL TUEINIRET, ZNET ¥ RIVERE
5 (D). RHBOEFEFITT Y A= RFREINTEY, HEFAITH 456 E FWHM) FJ7, SELENE
O A i 100km (2% L CH BB T 150 km “FHICHRE S TN D

X1 ARD #ME. SiYEAERF 46 HETERENTEY, 24K T326cm2DARERLZF . 2X8HDOETF
Fa=y b (FxR) LLT, HIMEERF¥RILVITICELHTAURINS (BELAILYF ¥ 2L
1, 2, 3).

ARD W SRR IZ AT 2 i - 5 72012, BFE—LZKEICL Y Au/Ni NESH 2500A T &
TWa. 7z, Bt BT RAX—FHBR AN 7 7T U RERET DO KA AR H
(FX 450 m @ Si 8K PHEINTND. IBIZ, ZbLOBRHE LI, £& L TRIHEASZ0
HRDIREZICSED 2R VX —F A L OEBE R EOEL B E LT, REOREIHICT R/ —EEH
O 241 Am #RF % fF L 7= Radiation Monitor (LAF RM S HEFRT %) EPEEND=2=> R AT ANITHRE
IhTwb

SELENE /35 100 km OHEHUE (HUEMFHE 90 &) 2 & v, AR 2 BT A 2 &R L 72, #7213 ARD
DRRE SN EAFEREA O H AT 2 & 9 ICERBHIE STl Y, ARD (IMEE T 0 H a4 Ak
FHENZEETHECTBET S, ADBERIC > THUEITA mICk L ClEFRICBEIT 5729, £ TaEk
DOBRNNFIREE 725 .

SELENE @ A JHELGEHEAE, BESN-T =205, ARD IZIF FRO & 5 2RBERE T THWA Z &
B SN o Tz,
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(1) KIFREEHERgRE O R BA
(2) BHIZF~DS IR
(8) Bip BF ¥ v FNADIERD T

ZID DFEMIC OV TITINE EOBSRIIE L HOE THIRREZ TEL TWDA, T TIET—F 0L
o BRIRE Sy A0 OB HIZBIRT 5 IS DWW Tl BLUCIR R 5. KAIRFFHESREIC AR EARE T TND 2 &b,
T HALPR - AT B T o T, KFEIRGHESLEE Z T2 > TV W T — 2 2 Wy, 4 BilSBR 5 HIET Ny
277 REHELCafiy 7T NEd i Lz, Jth e F v o RV OFIZOWTIE, 206 0BRM
ETLTafts 7T NVOFINCEEL 52 9 DREHE ZRET 2 TR L7z,

3 ARD O F—4% 40

AKEITIX, ARD OF —ZWMELOHIICHOW TS, K 2 I2FOMEE R LT,

ARD 7 LA M) —F =X T 1 PHHEMOT7 L —ALE L TEEDLNTEY, 7L —ANIZIL, 2L, X4
T L— DTS T DRI S e ARD O X2 MEH, BEXORM OA X2 MERBEGEND. 2
D 5B, ARD OA R MEBIE, A2 MEHFFO 3 F ¥ 3L T o, HI L ANA B KO AR
77y 7 OERNPOD. £z, RM OA X2 MERITH TSV ZANAL F 9 BES. ARD 77— Z I D5
—ERREL LCIE, WIMIEEAE ST L A KU —F =425, ARD DA R hU A RERHLIZA Rk
T ANERM DA XY MR RNEEHLIZANY N T 7 ANEERT D, ZOAX T 7 A VTHE, A
Ny hZEE, 1BEEAE UCRZIERAMIEN TN D, A2 7 7 A 2, CERN (BRI DN ERAF
JEHERE) CBEF S, KPP R LU R X —FHYEE O RBIIR Lo TR S hTn
DT — 2T 7 L— AT —2 ROOT 7 7 A W% iz,

WIZ, ARD AU b7 7 A /M LT, BEPEFHREZSRL T, A2 F D& ITHRIRFO SR i ok
T (R E T OREE, ) 209 5. Z OB, NAIF (The Navigation and Ancillary Information Facility)
2% % SPICE Y — %R LTW5.

W FRRIA 241 Am @ o IS K DIEFH A EET RM OF —4 1%, ARD O F)LX—47 A » OEBIHT
HAEICHAT 5. ARD O R VX —57 A GarplIE L L TARD % & ki -85 H 2R D15 5 4L B[ % GPE
DIRE Tepr EAHEA L TWAD. 72720, Wi ORRICIFBLINEENIC L 2 2R A ond 2 &h, GPE Ol
FEABNE U CTRIIZ W< OIS HEI L, T o ORI Z LIS Tore & Garp DBIEEIR Garo( Terr )
EURELE. ZHEHAWT ARD A RV R 77 A DA Ry kDL DrILANA M T L
L, ZOEREA N N7 7 AVIZERT D, TRAX—F A U ORERGME L 2 ORIEICBET 25X
A& ARD O#GE EOPERE & BIEICBIT 28U CHlE T 5. 7238, ARD fiHidRis L O GPE OIRER EDT
— %% SELENE f# 2 ® House Keeping 7 —# (& £ TH Y, ARD OfigHri 4572 House Keeping 1t
DHZHH L7 7 A VEFNAEK L TV D

W, EFROA R N7 7 A NVERWT, KRR EDE UMEHTIZH S RV RRIEZFE L, b &R
AT 8Tk Y, REICRAIITICHT 24N b7 7 A V2 AT 5.

This document is provided by JAXA.



FHE AR SGE B 155

il AL FLARY)—F—F #7. House Keeping
l JAXA/ISAS F T A
0T —#
ARD A ¥ b7 7 A 2 RM A~ | ARD House Keeping
SPICE l F AN i e
{iir [ st < n

ARD ARy F 774 I

GPEllEiz k5 | 1B70EEE
* GPE i

-"’TI"{:/ oS il A I-*.J'L’#'—{f_af;/ +
Ak O=R HERS
F—~DRH

o S — AN
ARD A ~< b7 7 o I

fRfTICHWRWESE V= b [e—

I ARD TN, HV
AT—H A
RET I AV S ERRRHF O
A L R
e Rgar

ARD A A b7 7 A Ik

2 ARD O7—#0EOFN FEMIIAXZSR).

4 BRHBAEREERBRLE o REESHOEH
Apollo 3 L O Lunar Prospector M®ifZEDEM] « 57— Z EHTIZRBWTIE, afgdi A <o bR OB AR
FhLTRAELLLOLIEMYL, g Al LICBE LY 7 B TERT 5B T o SEIRE A HE Sh
TW5., Bt A X, FREMNITIZEW T, Apollo DA TREEE 20 FE X #&EE 10 FE (SEIHEE T 600 km
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X300 km), Lunar Prospector M4 CTHEEE 10 FE X #5415 & (S2HEHETH 300 km X 450 km) & 72> T\
L. ZOHETIE, BONLREDNMKDOMGEEN, HAEINEIZ L > TRE 28 HERAKONLE S FRE L Y
K< 725137, Al EICRE LY EAOY A ZRELLTOILNY 26 o7 a S AERD, EHor s+
Mt o TBBIShAHE, TOREMNERLE VIE 208 - FHES N2 TR D 5. ZHISKH LT,
RRHER O A FEIRE OREHRAZFIA T 2 WITRT HIET, RIBEAROMEMRE 2 R oM E i & ER 5 2 &
NTED., ZOXI R FETXBRLCEREOSBHETIEBEICHN OGN TWEN, AlT N o 8T —#
~OHEAIZZNE ThRIN TV RN T,

ARD TiX, HIEXN R TH D a ORFEICKH L T2V A —F B L UM OE S IH3IEND T, Rilid
D a FRITKT DABEINEL, 2 ) A =2 B IOREHSARBORMFEAER TR ED. LUTITR R LT+
FeEICRWTE, 2 A =2 B XORHEGR OB FAITER D O FHR Lo A BINEREE TG, a2
—Z O 13 30mm, WEET 0 31mm DIESE T, BHEGRO o MASRRITEN & PL2 A9 25 —10 26mm O
EHETHD. affARENa Y A—XNEELD 2. 5mm NEICALE T D Z kY, HEFLEHTOAEIR
BBEEE DA FEARTFIE DS ] B2 5 T D,

(1) AEIEEBRE LA T MRORH
ARD O a #if A <2 Mt LT, Z0 a0 H i EORENE (x y) OWFEE S f(x, 9) B,
g DA EIVEBEICESWTE2 bR (M 38). 22T x yidZzhEn, ARD ® A EoHEfh
DMTHRIT DR, FRHE T O RS & 9%, Al EICRHEROREF X0 53/ SWE 7 B3, ) Z#E
L, 7B dnoAEiEEEs (X, V)ET5DH., aff v 7T ARMFEIND =L F—FHDO A X
Y MIK L CZOMRBENREZMEL, B2 8Ll 000 7 MR Corl, ) ZEET 5.

Copr i, J)= if ;=X ¥, ~Y(n))as;

n=1

22T, (X, Yo, n&BOA 2 MaHEEOR SR F.O0 H FALEEE, AS XA R Lo
v G )OmEEEET.
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B3 ARD iZ oD R SHIBEED, AEERBEAND o RBEENBORREESM (1, ). TITOA
EEEARL, BARETL BREET) ZEEORAL L, M, BRImetheth xih, yaie L.

(2)  APEIGE A8 LT A 2 BLIRE ] o 4 IE
Al BIZERE L7 BT &I, ZOHEA ARD fHREFICE 40TV S RIS A BN A B O % 5
U= Azl 2 R4 5.

76,1)= 3 (- X)) - vl o
k=1

ZIT, AtZBRREBER O D ORHEIEAL (18), ¢ 38R RBEA ORI &3 5.
B 7w Z LI TROTZANI U M A BIRRE CRIY,, &7 L OHEEER CRa(, )%
"%,

CRefr (i, J')=C§ﬁ(cl+)(;)])
(3 Ny I 7T ROFHii L L5 &

Ny 7 7T ROFBEREHTE LT, AOFERNO#ELGIK 28T, AR LD o BIREN A& HEET
HTENTED. Ny s 770 ROHEMHEIL, ARD GO =L ¥ — 3L ZE LT, afts 7T
DR SN DB Z PR e = RV X —HHEZ VTR 7 7T ROART MVEET AT 4 v ML,
BONEETANLERT D aBEF AT =R NIZBIT DNy 7 7T RiHEZENT . Ny o7
7 v RORHM » 7 L5 & 2 & T BRR 2 AT 7 L ORERNE, BLRBHAMRATICB+ 230 TS 5.

B4 412, EFRROFIEICE DA REKD 210P0 o MR EE /A X OERGERE 2~ LTz
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B4 MHBAEGEZRM LA RO 210P0 o #RIREESTAE R, 2008 42 1 A2 D 6 A DFRBLHT
—Z B L7z, 20Po o R RAFXF—N"U K (5.2-5.4MeV) OF ¥ R/ 1 (108 cm2) TEAEIL7=A X
YMESL. A ABCRESEFLEBREOE L (5 EER) 2REL, oRBSBRHEEOHEET S
TRAELELERLTERE L T ML (counts pixell). B: &4 Ry hMxt LT, HBHEMAEREICE
SWTAEREND o RBEMBORREESMZHH L, AEICHEO /10 BEDO LY £/1(0.5 EFH)
ERELTCERE LAV 7 MR (counts pixell) o4fi. C: BOY I EAIHT S, ABELEEEEL
BB (spixel?) fi. D: B, COHLEH LI ELOEYEENO Ny I T T REZE
L5z a BR3EEE (counts sipixel?) oA (v 7 77 2 ROFEHIEC SN TIIARXZHE) .

BHEMEATICH T - TIE, EROFIETEM L-2RO o ARSI M L TATAT 4T - U g
YRUDOTNTY ALEFENL, —EOHEKELBEZD oty 7T ABRONLEFREZREL, BERMR
AT 5 L) Fhe & & & D GEMIINER ARSI WE 3 2). 5612, #l& L TR OWHERmAT (F
B 10° - MR 10° , dbfE 15° - 35° ) OFEIKIZSW T, Apollo, Lunar Prospector OfiEdT & At D 7k T
TERR S 7z 210Po o BREREE AR (A) &, RIS 5ECTRHRIHZRO A IR % ik U CYERR L7230 4y
filk (B) OO R L. Wy, RO FECTBRIRHSMAICBET2MIEE Ny 7 7T RO
Al - ELSIE 272> TV D, BH&OAEINE 2 BB L R2WIOCROMITI7IETIE, A|EIZRIT % 22/M 5
fEREIE o MR IHA N MERIDOE 7 AV A R X > TREDN, RKICE 7 A A2 RS HEOKE
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SRREL LGS, 150km FRE L7225 (KM 5-A). ZAUIK LT, MEINEEZMLZ5E, A LoZEH
SIFRREITAK 80km L7225 (IX15-B). MAEINEZ KM LICHRHENMIT 2ATAT 47 - T4 R
TIZEAF—FTIE, K5BIZRGND 2 ODFEER Y — 7 N 3FLEOFEME TR S, ALloFEIC
HOD B =212 TUE, M 5-A TEL 7T AREEDOE 7 /W SN TN D IO A BIEMEVEIZ
oz 5. B 5-CITi, FRERO FIBEEERIC A EICE 2 e U o SRS 2 Bha by ORLEE. #
TR IR SCCRED 23, o MURE AN OMBGE O LI XY, A HE & O R iR & 72 o
TNDZ ERbND. ARIZEWT 222Rn NEGEE TS, 0%, HEES) S Al CORNZ# YK
LABD, o fEEICESD £ TIET 5 LET 5 &, 22Rn 38 X0 20Po O H i TOJES Y 13T km FREE &
RS 5523, Apollo 15 OBLHIFERIL, TOIENYNZOFHEEV /&L, 150km FRELLFTHDH Z &
R LTS, ERE, SELENE,ARD OB & AEISEZ BB LTI G, Zha BT 28R
bz,

cts pixel! g
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TEEIRERREG
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# & 4 4 2 8 2 4 & 8§ W -8 -8 -8 A B B -4 =2 O 2

i ) B )
X5 ROWwRMER (FER10° - HE10° , b 15° - 35° ) 210P0 o MBARE MR OLEE. A: A
WCHBFLRBEOE I ELEREL, o lBHBEORE RO TRE L &EEIT 3RO FETER LE
BMESMAE (Y7 et A L6 EXR). Ny 2777 Rk, RXPIZRLEZFETHEL, ZL5IW .
B : MHBAEINE S KB LIZBESMRK (B7 A1 X103 0.5 EFF). C: B OMBESF & FIHENHES
FERZX.

b5 F&H

SELENE |2 54 & 7= 1548 o S 8% ARD 1Z, Apollo 35 X U Lunar Prospector (2 X 2i8EDT K a
AR R 2 — ML LR D RIS ORI ETENL, oz 7 n—7 L LTHDORBENOERBETOY 7 =0 4
Do, AR ETT, WiE - RS OHEARE R ST 2 WA RIS 5. ARD 121E, A FERHuERA
%, HRNFEN OPOMERELCTWD Z ERH LN o7eR, W7 —ZEINEICLY, Zhbo
REZRO TR 21772 5 PR AL L, AL TIE, ZHix & ARD OF —ZUH o &,
FEEINERIS A BB LT A O o SRIREE /34 OB FIEIC DWW TS L, AENERBEEE BB LI Amo
a BRREEATOFHIZ, A DT R o BRBLIHIIT — & OREHTIZ 13410 Tl &5 7515 T, Apollo 35 L Uf Lunar
Prospector (2 X 22 OBM] - fiENT & i U C 8B L 7 R a MR E D & OLLENR[EE L 72 o 7.
ARD OBT —# 1%, 2014 FEh % B4 L LT, SELENE 7—% 7 — 1 A 7 % i@ U= AR m T 7= ¥l %
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VDVGE: Volume Visualization Software for Google Earth

- Application to Astronomical Data -

Shintaro KAWAHARA™, Tooru SUGIYAMA™ !, Fumiaki ARAKI*! and Keiko Takahashi®!

Abstract
In this paper, we introduce a volume visualization software tool for Google Earth developed in the EXTRAWING
project. This tool, called VDVGE, visualizes a three-dimensional scalar field dataset obtained by a computer
simulation or an observation and generates a content dataset in KML format with COLLADA modeling data for our
volume-rendering-like representation on Google Earth. This representation method is applicable not only on the
Earth but also on the moon, Mars and other astronomical objects. As an example of the application, we introduce how

to visualize an observational data on the moon.

Keywords: visualization, google earth, volume visualization, application software, graphical user interface

Mo
FHRE Ty =7 » EXTRAWING (28 W TH%E L7-, Google Earth JHAR U = — AW/ LY 7 b7 =7 VDVGE % ##
9%, VDVGE 1L, ¥ 2l —2a Bl 0 BoN-=WIe AN 7 —8F — 4 27k L, Google Earth - To»
RY 2a—LEBA2EGarT Y 2 LT KML 8X0 COLLADA THT 5. ZORBUETIMER EOF —& 721 Tl
Google Earth THR/RA[RE/Z HRAE, ZOMOREDOT — X ORFULIZ bR HETH 5. KIKEET — &~ A fl &
LT, VDVGE IZ k2 ABIHIT —% ot FiEE2 R +5.

1. [FC®IC

A, T U U —FIEE R SIS X DR OAR - LSBT L VIR RO BN D L DIkt BIERAIZZHIC
T BEWY MO —D & LT, MERBRERAS I 2 L— g URBIIIC L W B bz 3 KILT — & & /3—F v LHIEREE Y
7 h¥ =7 Google Earth VO #fii & AW CIEMFEE T D720 D71 =2 b TEXTRAWING (EXploring and TRAveling
the World INside Geoscientific data)| Z#Eit L Cu % 2. EXTRAWING T, al8UbTE, HHROABMEE, Y7 by
= TR RE, A Y = MIET LR AN ER L T Y, 2010 4F 12 BICIEXERIEER Web 77V &
—vary¥EARLE (K1), Ziuk, 4 FPRFFERBEFOBAREAIC L 2BELOBESCHMERTHOTHY, L
WERBEORERT bD LT,

LY ERIT SR B A
(Japan Agency for Marine-Earth Science and Technology)
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L) - " L}
T =T E

1 EXTRAWING Web 7 7' U r— 5 D7 7 U HFTORR.

Web 7 7'V 47— 2 > Clx EXTRAWING (251) % il#{LFIED—~>Th % Google Earth ETORY 2 — AFKB 4
HULIEary 7 oy RARIN TS, LLRREL, ZORRTOa 7 U VHERIEMGER O 2 7 o HER T v 7 5
KZED P IA&&TT—IFIECEDbDTHY, 5%DOa LT VHEIC IR REM 2 E ST 5 2 L AESICPRTE
Jo. 2ZT, Web 77 ) r—a yORFEWITLTCa T VHWER GUL V7 bo =7 OBFIZET L, 2012 4 12
A1Z1% Google Earth AR Y = —A8[#{k Y 7 k7 =7 VDVGE (Volume Data Visualizer for Google Earth) & L CA1 > %
—F v b ETOAEERBTSELEBIL, TPl P TELNEREDERICHEDTND.

ARTIE, 2 FIZT EXTRAWING (287 5 AISUETFIEE BN T DL L bIC, SEICTRFEEZFEELZY 7 Ny =TT
5 VDVGE O IZHOW TR B, < 4 FETIE, Google Earth W LORIKT —Z ~DJsHE LT, <
R & D AMSGEEREENT — % %, VDVGE # AW Caltifb L= E6l 2 @n+ 5.

2. WHRIEFE
2.1 Google Earth THAAAHATRELZT—F K

Google Earth b ToOREALIZ DWW TR 5 HIZ, Google Earth 2 FiAr AL Al e/ T — Z FERUZOW TR 5. Google
Earth 233 A0A A AR/ 7 — # THROW, AHUERIDIZDD 3-D A7 V=7 FRRIHEMT D 2 LN TE 57—
1%, KML (Keyhole Markup Language) 93 X 0" COLLADA (COLLAborative Design Activity) 90 > Th 5. HHIIFR
BWRERAT V27 MRRRDIZTTIRL, ATV =27 FeRBTHIOOBIERL R D.

KML 13 = e B ZE B RO 272 T 57200 XML N—2D~—2 7 v 7S/ TH Y, &, BB L OEORBIC
Hobind. KMLAICHET 2 BERIIMERR TH Y, N, M X OBEMT D THRUEEITRE, &, &Em]lTof
BT D, MEITR AR T 2 A TEREIXER TR D729, THAREREDEEIL TV 5358 11380 23 Hih oy
[CHET 5 2 EICERT AR ER DD, £, HICH L TAEREZMNEGT 2 LN TE 20, HRNHZHATRYIET
JObLDOTHY, HEMKT DHETARIK L TRRLEFREMNETLLICLLD7 77—V a U HIRE/LZLITTE
e AL LT, MR A — S — LA LRI D RE T WV 2 BT, HRE U7 MR EERR L E PE O [R]— Mk A R i
(TR S X OMERE) HAEBAICER S, TR LTT 7 AF v BER AT 52 LA TE 5. Frlcim
F == LA HRRITE AR T — 2 OB K< VWS TR Y, MERERESMPRKESM Y, “IRCrRIE®R
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FH PR RARTIRSGE B

DRBUFHENTND 0.

COLLADA ¥, 722 3-D CG Y7 bV =T W TOF =2 ZHOIdIckBlbEN/7 7 ANV 7+ —< v b ThS.
KML £[A U< XML R—AD~—2 7 v 7 EiETH 57, KML THERENREE:, @G E R ST 10
KIUTHV BN D . COLLADA O JEIERITE A EIER T 5720, WEER DT — % 2 COLLADA THELT 5561213,
Google Earth ®il|#15% 75 WGS84 (World Geodetic System 1984) T 5 = & &8 L JBHEEWAN VEE L 72 5. Google
Earth ECTORLICB T 2FABE LTiE, SfEme EORIUTH N BRD D,

Google Earth L COWBULEITIICHIz->TE, WMEBOFELEML, TnENOT —FBAUTHE L2 TORER,
ARG DEEND T ETILERDS.

2.2 Google Earth L CORY 1 —LRE

EXTRAWING {Z CTBI% L 7= /[ #b FiED—22%, Google Earth ETHORY 22— AEKHTHS. ZHiL, 77 AF ¥~
—ARRY 2a—ALrZ ) 7 IOFEELEALIEbOTHY, REWELET DM EERZ MM LoR ) I o imit 2
JBFETRTHZLI2E Y, Google Earth ETORY 2 —AEHAEH L.

ARFEOHRNEZK 2 B LUK 3177, AFETIE, AT —2I2HESE (D) MERERH (X2), (2) RE&E
Wrimi (4 2(b)), (3) fELEm W (X 2(c), O =RAAOWImBHERE AT 5. Zh IR 2K Y 2 il 4 Google
Earth FICfERCL, X2 T LzWrimmigz it +5 (3).

e

(a) latitude-longitude slices (b) longitude-height slices (c) latitude-height slices
2. RNV 2— LRKBEEZFEBLT L 72O OWrm B OFERK.

ﬁ
——————

=, Wy, Wy,
k. sl cmmmal

(a) latitude-longitude slices (b) longitude-height slices (c) latitude-height slices
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BIOERSZ ML, dhi BCWimEiG 2 M2 72007 7 AF X EEOHFEIIAETH 5.

WAZ, (2) O = LW 45 L ONB) O FRFE i EE W T (2 DV T, KML Tid72 < COLLADA % V7= & 84175 . KML
I3, R T S X OVREE R EE T (AR AR ) AT 2 2 LIETELN, TR LTT 7 ATF vty %
REAT3 2 Z £ TE 220, £ 2T, COLLADA 7 Vit m FE T 6 & OV & I (A S 9~ 2 AR U F o m & 1ERk L
TSI D Wrir G A A 5. COLLADA OJEERITERIEERTH D720, WgE TR Y I mHaikd
2 TH SRS DN TR R D O BASEAE R~ L AR L Te b D& WD . AT — X OFEEERR LR YA T H
DAY, HIEREEISH > TE#MT 27 —FROKR) Fome LTERETD.

(D~G)DETIZENT, WIFEEGORFIIE 7 B VEICE R D REPEOREN /R PNG BRI TTH. Zhb %
Google Earth ECHE#F RT 52 LIcky, KU 2 —2KBMFBNS. Google Earth TOFIRKHIIL, HANEIZIE
CCiitl e (FEHOKRBNAELZBIZ) bODOERKRRIND L) 2—FEFICHY FL 5.

3. VDVGE

AT TR LA LTk E Y 7 =7 LV CERE L SO VDVGE Th 5. VDVGE TiE, A&z =k
TCA N 7 —45T — 2 %, Google Earth TOF/RIZiHE L7ZJE TRIML « )19 5. VDVGE ~DAJj & 722 ZIRTA T T —
BT —# & LTiE, HERRPEEEO T — % Aai kY 7 N ¥ =7 GrADS (Grid Analysis and Display System) 9 CHW 5
NTna7—2 X E8M L. GrADS 17 —# 1%, Data Descriptor File &EFRHEN D TF A 7 7 AL L, T—F KK
THHNALFT VT 7 AND oL SN S. Data Descriptor File (21X, "AFT U 77 ANDT 7 A V4, Kl (f
B, RE, W) ROk JOVERER, KAICETLE®R, ST 7 s A MCE EN Y EEDOHPIE N LR
ENTWB. GrADS ~D 31 F VU 7 7 L VOFEHIAMIX, Z O Data Descriptor File %41 L C{Ti11%. Data Descriptor
File NTHETE 54TV 77 A V07 —2FAE LT, EX/7e L FORTRAN (HFEEFH), GRIB, NetCDF,
HDF-SDS #3% % 7%, VDVGE Ti13&E= 72 L FORTRAN O ATkt L T 5. FHX e L FORTRAN /31 F U F—Z(Ti,
ML, BE, SELEE T2 S RCEZR ST — BN ENL TV D, BFRLEDT —Z ITHRBEERETORERL R D7
W, ~RAHT) OT = Z YA X3 FRELROKTE) X RELFMORTE) X (WEHMORFE) X4 (1 bR)
L% BRINT =2 ThIHE, M7 =2 A X3 (RS OT—F VA4 X) X (ZALAT v TH) b,

FARMINZIE, GrADS HIZER L7 EfE7— 4% &y % VDVGE CEOEEMHTHZ M TE DN, —EillR1H 5.
VDVGE TIZRIFEFCEE OB &2 v HRIL R E T 5 Z 13 TE 2\ =®, Data Descriptor File 8L ONAF U 774
B OMBENZENTOLHAITL, TNOE2WHEFEOT =2y MRS X ) EAICER L T LERH .

412 VDVGE OZFATH O H /79, ZiuL, KRRKMERTETT /L AFES (AGCM for the Earth Simulator)10(Z £ Y H
NENTZAKFALORKRPDOERES %, #MERENEORBERRICLDIRNY 2 — 2RIV WHILLZbDTHS.
LUF, ABEANOMTIFRA—O7 —# Zalfifbxtg s LCTHER LT 5. K 4 HHOBE SRS TREE T X —% D%
BTV, AREROT L Ea—T 02 Ry ETRENICESO A ERREPEIFRRENS. 2 TOARE T A —
FOBREF, ATA L=, Fzy IRy I A, THRAMRy 7 R0 E, B 3xv bo GUIA=2I2Xk 01T, £, 7
LEa2—T 4 RUTIHE, 7aRXT7 Ty N7 —2DFT 77 4 v 7 A API THD OpenGL % V7= "l HRALHE SR O Hf i3
Thhs.
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DIERIZHV B D. VDVGE 2 FAT4 2 N— RO =T D777 4 v 7 AMWREIEKFET 2METIEH 523, 3D 77 AF v
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MWT&ED. Google Earth Ha v 7 v 7 7 A VNIRRT b BRED FIEIZ TR BB O AR EIT I3, 3D T 7 AF ¥ X%
U TR ARAE ) ZAVAE L 25720, A& PNG EgIZ 7L a—r 2 Ry EOFRRE D b mEfEEgE
RbDE%. K 412B1) 5FETREE % Google Earth iz 5o Y77 4L LTH AL, Google Earth TR L 7=k
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A 2 — ARBEOMOAFLHEREL LT, W T —RATA REHEREERTDHIENTE D, BT —AT 4 AFKTHERE
TiE, ANV 2a—LRKILERR, 3D 77 AF ¥ O ER LIcWiiEG 2 2rmd 5. B, &E, SEOFMCERT DT
(CRLE T & oM, MBS 2B T 27 V7 7 F ¥ RN DOEHAOFRGRL, BT

ENTED. &35 Google Earth T —# 1%, AV =2 —AKBLF U
TRk 4 5. BT =274 AReOFEMAFI %X 6
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6. T —ATAAFR. £ VDVGE ETOFER, A1 Google Earth £ ThOZFIR.

EEARFTERE CIT BRI DR E A EHR L, 3D 77 AF ¥ ATV NOELRLINT —F TR, T7—%n
DREEE, #REE, WMEOXREICHELRTOWET — % 2EKT 5. ZoWET —Z Ik, BE SRV ETRELET —4
WP (TR KO EIRIEOHPE) N THEEREZHIET 5. 1) S5 Google Earth 17— Z I3y DADKB L 725 7=
W, AL KML IS TR 5. RO MAGI 42X 71277

7. HfEMRFR. £ VDVGE ETOFIR, A7 Google Earth ETHOFER.

VDVGE (Z#R55 — & Dat A AR O T h IR LT 5. 1779 % Google Earth 7 7 A /M b BTG SE £
L0720, FLEa—Y 4 R LTOAHIR RO T = A —3 3 VFEREITTARL, Google Earth L THO7=A—3 g9
FRICHBIIGE LTS, A LTRERENT — % O— OB O % rIBUE SR & LInWGEIE, B 3L L b B
BEZId K OWE TREZI A FRET D Z LT kY, 8 LI ZIREIH O D 7' L & 2 —=° Google Earth 1 7 7 A /L 1 /178 vl g

This document is provided by JAXA.



FHE AR SGE B 167

ThD.

TV Ea—T 4 Ry EOFRREFHIEECHE CRFT 22 ELAHETH D, HILERFHEIETIE, BEERI T
D G R ORAFOM, BERIIT — 2 2 dFmG L UCTRET 2 2 LN TE . ABBEICBWT, #EifRIL PNG BT
BELET 4 L7 NUVIREEND. 7V —Y 7 v U =7 Th2 FFMPEGWZHH L 7= BIE{RIFFHERE ClE, FERFIT — 4
% Windows Media Video G XOBEE 7 7 A /L& L TIRIET 2 Z &R TE 5. AgE &R 53546, FFMPEG % 5lli& A
VAN TORENDD.

ZOEICLUTHER LIZEBoa T Y 7 7 A VEINBIZENT TART 28, T— % OliEzbh o3 WE THIR
FTHZELIEINEDOT 7T 4 €T 4 %R T ECHLEETHS. VDVGE TiE, [LED PNG HifgZ 7L Ea—U 4 KU T
DRI LM LT Google Earth 17 7 A VHICHIOIATL Z N TE 5. X 5~7 OFKITHWT, L TIC
EXTRAWING © S DOFENERTE 5.

AV 7 U7 ORFEIZE, C++AGUL V—LF%y FTHD QIREHNTWS. QtIE/ e R Ty 7 —LbD—
PFA LT 2= AT L—LT—FThY, @OV —RAa—RKnbLRLDTTy b7+ —LHDOETSAFV ZERTE
5. BUEE T, £ERT A7 vy 7 M 0S (Windows, Mac OSX, Linux) TOBIEZHERL TEBY, MHLV—VE
TOFMAPYFETE S,

4. KET—2OARE~DIER

4.1 TH <o) BAT—420AHRIE

Google Earth Zffi o 7= WL ORIET —Z ~OIEA E LT, ARARERR <00 #BElE 713 LMAG 12 X 5 H e
BT — % %, VDVGE &AW T3 2 HIKIZOW TR 5. ABGEREBRNT — 2 12 o0 T, [hIeTr—47
—HA T E ) EAE LT, #HEAE 100km 2B 2K 8 7V » K5 —% (LMAG / Higher Level / Magnetic anomaly
grid data, 7 7 A /L4 MA_GD_002.dat) i L7z, B Loy —2idda, RIEHmE I 1 ERRBO 7Y v K7 —
FLLTTHRA N7 7 A MTRERSNTWD. THFRA T 7 A LPORTIE, MEERIOREOM, MKEFHELLIOM
T — X R T A 9 DDNRNT A=l IND. BG LT —2DOFEETIEIVDVGE IZATIT5Z LM TERN
W, BT —F DEATHBREE, BERS I OHK SRS (Total Intensity [F1) OZZ2HH L, HBZR AR D IR ITE AL
TS F VT =2 EAFR LT, NAF VT =2 DT 7 A VYA XL 360 RREESTH) X179 GRS M) X1 (EEE 100km
D—ET—4%) X4 (F—FE, HEEFH) =255,760 N1 K Tholz. ZDOFT—4% % VDVGE THiAirte iz bIZ/ER L
7z Data Descriptor File %#[X] 8 {Z-~9". Data Descriptor File IZIZFFAFEHROFBBHBETH 50, MERHEHT—F T
bBHD, FEIICT —F X—A~OIEHRSEH R Z 5t L7z,

DSET AMAfGDfO 02.grd

TITLE SELENE Data

UNDEF -9.99E+33

XDEF 360 LINEAR -179.5 1.0

YDEF 179 LINEAR -89.0 1.0

ZDEF 1 LEVELS 100.0

TDEF 1 LINEAR 07:57227MAY2010 1hr
VARS 1

z 1 0 Magnetic Field [nT]
ENDVARS

X 8. 7R F—& DFIHABDI= I Z/ERL L 7= Data Descriptor File D%, #4723 7 7 A V4, &EhTH O T
¥, WEBOHHARENRREN TN,
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B L7 7 A vE A& L, %7 — 2% 0.0~2.0 [nTI& L TRk L7236, VDVGE L ToO7 L2 —%
TEK 9IZRT. VDVGE OFRKOFRIL, ZRieT —F &AL LIZBEDORY 2 —LKBETH L0, SBEIATNIEH
L7z ABGEIRE T — Z13 @ 100km —EOHRD ZRILT —H Thd. £ T, REMEEME LD T —R T AITK
5FEBE L, Google Earth 7 7 A V& H LT,

OTAT My 3T, W0
B
i
E
; ’
1]
aa

X9, AJL7- AfsGERET —% o VDVGE L TOFER

1 L7 7 7 A )V % Google Earth TZ D F FHMANTES G, AMSGIRED T 7 — A 7 4 ABGIIHERIC ) L CERE
bEERRIND. £ T, Google Earth Oi#E A i o THIERE RE— R B HRRE— NICHIV LS. ARTE— R~
DY I Z1E, Google Earth DFRE— REHERZ AL VITH 2N TES. 72, KML 77 A VRIZFERE— R
BN 5 2 LT, HFRE— R T Google Earth # %735 Z L b HRETHSH. BIfED/S— a2 D VDVGE (21
Google Earth OFR/RE— K& HI{HT HHREITEV 2, Sz KML 7 7 A WZxt L TAFRRE— REBIRT 5728
DR ETF A hT ¢ ZIZ LV EHHERTS. VDVGE THA &7 KML 7 7 4 b (doc.kml) (ZxfL, HFRE—F
TOHHIAR LR D X HBRL LI bOERK 10 (27T, KFEIORHA TR Sz Thint="target=moon”] DF’53 A BFLE
FiCho. AR THGEE LTWDOIXABIT —4 Th 223, AL < Google Earth THRI/RAMAEZR A RIS 27 — 2 23
R THDHHEE, ZY4MEF%E Thint="target=mars”] & 71UXL\ . Google Earth ETOHRRERZX 11 (277,

<?xml version="1.0" encoding="UTF-8"?>
<kml
xmlns="http://earth.google.com/kml/2.2" hint="target=moon"
xmlns:gx="http://www.google.com/kml/ext/2.2"
xmlns:kml="http://www.opengis.net/kml/2.2"
xmlns:atom="http://www.w3.0rg/2005/Atom">
<Document>

<name>Magnetic Field [nT]</name>

— (B FHWE) -

X 10. A#ERE—RTOFRRFERD LS, VDVGE THALEZKML 7 7 A4V (doc.kml) IZIBREL=HD. KFENOE
ROE Sy N IBRL LI EATTH 5.
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11. Google Earth b T® A fE5H8IE DFIR.

42 IFEITELXRHORR

Google Earth THRELFTREZR RMITHIER, A, KEBO=2TH 57, KML OHiEiA—S— L A HEaE % W THIER 28 %
BORTEOICRIKT 7 ATF v HG A M T5ZLICkY, ZOMOREKEMHICKREATLZLbARTHD. K 12
WZRIRT 7 25 v EGAL T KML 7 7 4 LD fl%, X 1312 Google Earth TO KRB %2R~

<?xml version="1.0" encoding="UTF-8"?>
<kml xmlns="http://earth.google.com/kml/2.2">
<Document>
<name>Mercury</name>
<GroundOverlay>
<Icon>
<href>planet textures/mercury.jpg</href>
</Icon>
<LatLonBox>
<west>-180.0</west>
<east>180.0</east>
<south>-90.0</south>
<north>90.0</north>
</LatLonBox>
<altitudeMode>clampToGround</altitudeMode>
</GroundOverlay>
</Document>
</kml>

12. RIKT 7 AF ¥ AfH KML 7 7 A /L O f.

13 Google Earth ~DOXET 7 AF ¥ ORESH]. FEnbKE, €2, K2, L2, RET 7 AF v EHBIZOWTIT,
JHT's Planetary Pixel Emporium! 47> & Efs L7= 6 O % L7=.
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Visualization of Trajectories of ‘HAYABUSA’
- Positioning of ‘HAYABUSA' during Touchdown Phase -

Akira MIURA*', Yukio YAMAMOTO*', Makoto YOSHIKAWA*'

Abstract
In this paper, we propose methods to estimate positions of ‘HAYABUSA’ during the period of the first touchdown on

Itokawa in order to visualize the trajectories of ‘HAYABUSA’. In this period, there are no reliable ephemeris data of
‘HAYABUSA’. We used a variety of telemetry data and a shape model of Itokawa to estimate the trajectories. The period
is divided into several sub-periods according to the availability of the data. In each sub-period, we propose suitable
methods to estimate the positions. The methods are based on the policy that the trajectory should be smooth and
continuous in each sub-period.
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EW, MEHEEOHMEIZONTIERRD. FWT, B
BOHEETELHEFBRICOVTHENS., KEBEICASHED

PRI DWW TR 5.

2. NEHEOHME

ARIZBWTAHRAOX R E T H2HEIE, TEPHES)
DA MAVICEITE vy F XY 2R AT 20054 11 A
19 H 20:30 [UTC] H» 5 21:30 [UTC] tHiZ L4 2. LA
%, FEZIX UTC TRELT2b0LT 5

MEREE] OA P HT~DE v FH T Z2 il
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FIHFREZR T — 4 OFERI &, T b BSFHFTREZ2 MM %
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MERH L. LLTFIL, ZOMEZRT.

21, (EHEICERTEIT—4
ARG TR BHBICERT L7 — 20T A =2 xR
T A ST - KB T — & %1%, NAIF (Navigation
and Ancillary Information Facility, NASA) 223#gfit
% SPICE 7 — A O b#IR 5.
211, FRATRGHBSBRLONET—4%
INHOT—XE, ZNENICERE/RERR - TE
NI 5 S ) DAL EHEE ISR T & 2 WM I 13/ E
DD TSI BEYICA NI T~DF v FHE T
Z AT e (2005 4F 11 A 19 A 20 R [UTCL (F]
ATEs27—20#HMEE 112577
(@) TIERSE) OfriE - B2
SPICE 1 —> A 06, NERESES] OfET — &1
hayabusa_itokawarendezvous_v01l.bsp %\, &
35 — % X hayabusa_itokawarendezvous_v02n.bc
EHWD.

(b) ONC-W1 (@i{gT —#)
NEREE ] BHOT AT ON, LA IEFHIED A
Z 1(Optical Navigation Camera-Wide; ONC- W1)
I NEess) oEm ((ZG5m) BT e T
BY, ¥y FXUCOFHETA P T EHRBELT
Wiz, Lk, 22Tl oh5EBT — % % ONC-W1
[GIRE A A

() ONC-W1(¥—Fvy b~—hOHNT —%)
(RS DA N DTS v FZ Y o+ BT
ONC-W1 2 —4" v Fv—ﬁ@jﬂu%ﬁﬂéﬂ‘ét
CHwbonk. Uk, 22 THLNDT — 4%
ONC-W1 (Fff) F—4# L.

2 http://naif.jpl.nasa.gov/naif/
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%. LRF-S1 i NIy &) o-Z F\icxt LT 30
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LTEBY, s3Ikt 24 VA UVREOBE
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(e) RCS (EH M T — %)
NI s s KB I X7 2% (Reaction
Control System; RCS) 122\ TiX, % DM HFH
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B3 MEORKL FEETH 7 L EE LT TR 57BN TIE 8.1.8 THIRAE L DI, BREF L &%
O & ET 5. B4 B TOREALT L b —F L. 207
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5 TP I ! Big LK Y BHBHAL R LEMTHS. KED
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FRRET VRO BEHEE OB EEZ LoD, A b
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71, HEICESIERE

ZOHBIL, FAHMHMoOKERD NELHEE ] ONLE R
HEERELT, ROFyFHFU U E2lZ 5 21130 ¥2I1C
SN, 5 kRO FIECHBEHEZITY. LA
PR EOMBE L, YEHMMAKkEZEm L IT2 b0 LT 5.

Bom BEOHHTEREZTLLRNLROZ v F X
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A MU EMTHEL, ZUYMENETILENDHD.
Fro, ARIAWEEST — 2%, SPICE 1 — A0 b 1%
LRI bDTHDN, MOLRHBICHEST LT — 2% LR
AL, FIZHE6eHMIckIT D TERHsE ] OfLHE - L5
DEBHEICHON T HEFEIC LY REET 20 ERD D .

07 TR TR e AL EHE NG L & 1) L S E D 72T,
BikET VDK BT, AMICA %O & LRF 7 — %
ODREEITIFORERNRETOND.

HEE

NI s odficdhizv, ONC-W1 @f7 —#
Z THRAETH & F U 7 56 22 HF ZE BE 6 B 0 )2 )1 IE - I
TUVANY T THRATE & F U 7 AR B
BERO, MEHEICRDI T2 TREHEES E L FA
UMiZEFHE S —OMBEBERICEHHLES.  *
TEAFORECHZY, HERAWSEHS ELE 13X
S BMRENMICEM B L ET.

8. MEHERR

F2HMNLE 5 MM ECOMBHEMTEEZRX 1512
AT FHeHIMIcRBT D NESsE ) O b vICHT
HESBE, HRIZBW TP Z P EIXRWIEE 2o
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Development of SPICE-based Field Of View Visualizer: FLOW

Yukio Yamamoto*, Naoki Okada*!, Eiji Honjoh*?, and Shoichi Otomo*3

Abstract

The function to simulate an instrument’s field of view has been widely used in past missions, and will be used in
future missions. We develop an FOV simulator, FLOW, based on SPICE Toolkit for versatile application. The
FLOW is composed of two console programs: one is a simulation engine, and the other is an image generator.
The simulation engine outputs an XML file which includes a simulated result. The image generator reads the
XML output, and generates an image in FITS/PNG/JPEG formats. In this report, we describe the software
requirement based on use-case of the FOV simulation, and FLOW’s functions to draw. In addition, introduce a
web-based FLOW application using FLOW.

Key Words: SPICE, Field Of View, FOV, Visualization
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FIRRAC BRI TN DO DI 280D 1 DTHB. FhizBik, SPICE Toolkit ZFIH L7z, IFAMZRMHE MG I o
L—% FLOW %ZBi%L7-. FLOW X2 203>V —)7/argSLhsiRaen, —Di@yIal—yvary -y
THh, 2 —DREBREXTOISLTHS. YIal—yary -2oIVE, YIal—ya Rz EHARZ XML
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FRDOX S BHB 2R LI I 2L —2a Vi, ThETRELEIITONTERIETTHS. Zhch
BbH5d, INHAMNGY —LE LTRIBENTI Ao/, ARBEFRTIE, 2 < OBMIEERICN LT, m/NED
REZITH T LT, INHIICHIHARERHE S S 2 L— 22T 2 L ZzHNLET 3.

NHNEHE Y R 2 L—ZDORFEICENT, ECETHINZmDZ0ENH 25 DN EIBEDSETHS.
Wiz I 2 Lb—a 21785 L LIGAICEREADIA D, FIEHINREYIa—L ¥ 3 VETLVOM
AERMEEESTL B, TTTAMRETE, Tha—TE U TREFRERICRERT 2 5B M 2R DRI OB F
FeREL, RERERDM FT— 2B TR A AR Y — VOB 217 S .

2 SPICE

BIBSEROEHIICETENZMG S I 2 L— b LK EEATGS, HARKNICH LT, HEBONE, &
B, BRI OHE 25 2 CGiHREZ1T5. COREZITS L TRARDEMIZ, HEXEHRE EOX S ICHIEY
XD, LWIRTHD. FHTRANGEY —)LE LTHRIRET 235G, D OHMRAE R T +—<
FELTHEIZNTOWRTNE, V—IUITZEA T +—< v MG LR N5 &0,

FNC LT, SIREAIC BT SPICE &S UMY —Lis % [16]. SPICE 1d, NASA Oz v
M HEEERFZEAT (Jet Propulsion Laboratory; JPL) I K- THIR I N, HAKORZ, #uE, ZR20, B
OB 73 & OB ERE 7 —h A T B7HIC, SPICE A—3 )V EMEN S l—7x T +—< v b &
FLTVB. E12hsZ#HET 370051751 (SPICE Toolkit) DI EIT>THD, T4T5V %
LT SPICE AA—x V2L, ThZzH0iGtRziTs e TES. FlRE, HERANCHT 25ER%
DLADHBT A DR 220 B Z T8, SPICE A—3 )V ek rnr o L ET IRy, SHE
7% SPICE 71— VD% <%, SPICE DYz 7Y A b6 AT O—RTETENTES.

HARDBEHERICBNTE, REDHES EDONHIE SPICE A—x L& LTHREEL T35, SPICE &%
BOKBERE CTEMENICHHENSG LEZ BN B0, HBZEIHET 5 DICEs SPICE A1—3 )V hii> T
WABBEEBICBNTIE, K2 L—2Trf{k s 2HIELT 5.

3 YIal—42#E

31 B=m

gl

ARYIal—&E, HEEHIET 27200V T b7 LT, 2009 EHSEFENEE D, YL mpsim
EWVI JAXANDOTBY 27 N THAT 272800V —)VTH-> . BUE 2010 EORIFEIC K D, BURHR L 1F
I FEOMEREiF 2 T2y — A&k Uiz, 2012 4F 12 HIC, FieLd Of View Visulaizer /05 FLOW & &1+
O, VI U7 OMIC, aXRA VBRI GEZFEIICEE Le Y 2 YA 2B Le BTz
f1o7z. FLOW OV —ZXa—RiEA V2 =3y FWS XTI 0— 352 EMNTES [10].

3.2 18R

FLOW &, ¥Ialb—Yyary -2V (lowse) LA A=Y « V3 L—& (flow.ig) D 2 DDAV —
vrays LinbRERENS (K 1).

flow_se Tl&, BET 7 AV TH % config file ICHENNTZEM2FHAR, HEBICHEEE NI OHE
WICE 2 RIKOEREZFIR L, RKEOMEFERZ —> T 7A0ve LTHIT S, =27 7 AV ENHYA
THIEICHER SR E2TAELTED, flowig UNOT TV r—2a v b ERAAERER K S, D
WXML 74 =< FEERAL TV, £ Ial—ya ERICH U TERNICT — 22/ A Liz0wiga
&, =77 ANV ERHETEHI LT, LYRY Y ITHRICKMT 2 N TES.
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flow_ig Tl&, =77 A NVZEAITE L, LYEY YT RITVEGEH 1T, COLE THEDAXRY
MVRIC X % /5 —fiil) T30 - #ROT 7 AFv<v 7] ERET VOS] TEIREE S OHEF IR

ICXBYAT | W ZET> TV 5.
o XN+ XN -

|
e £l | scene file,
config file,
g | scene file texture image, , simulated image
SPICE kernels [ v del|
v polygon model!

storage

1 H#FYIaL—Z FLOW OB 70—, ¥ al—y 3y -T2V flowse B config file &
U SPICE kernel % #i#iAH scene file ZIEKT 5. 4 XA— « ¥z % L—2%& flow_ig IZEK E N7z scene
file L EZICAED 11 % texture Bif%, polygon ET NV EFHHAATY R 2 L— 3 VEREIERT 5.

FLOW OFIHENHARETRET 7 4L, flowse DATIEL 75 config file &, FHHRICAE L SPICE /71—
FOVEE, WENCRERT 7 AF Yy, NEEEORIRET N THS.

4 ER{EHR

AT b 2T ORFERITOBROERMEZR 1 ICE e, DIFICEERABRIC DOV CELRT 5.

41 RIVFTSv b7+ —L¥IG

PR T, FRcEREEZEmRELEDR, JIVF 7Ty 7+ —L3tTH 5. SPICE Toolkit A
ERIHELTWBE TSy v 74 —L FTCHET 2 L ZEHBEELTWVS. EDELDTSY v T+ —LET
BEEE B0, FRERERENMELRIR Y RIAUR=ZAD avy—)v - IudI L] ZHHALE.

BIERS Cld POSIX[9) ICHEHL L 727 —F 7 7 F v IS LTV (£ 2). POSIX REECld W7 —F 77
FXICOWVWTIE, AV R—FELTWV3. AT R—FTREVDY, BREZOLDOHEFTE R o727
b, BEMGEEZTT> TORWT —F 7 7 F X IOV TEARMGEEE L.

42 BEZ7AIV

A—YPPRT I al—arz2iTH558, ETOEMIRET 71V TH% config file TITH. K 2 ICHED
config file DFIZ/R9. A config file IZIZ,

e SPICE A1—x)VDT 7 A )LIS A

o B~/ =F 2 —F LR

e SPICE DatHZEM (R, Bk, St/ k)
o T AF v IHR

o filiA Ty b

o H{GDY A X

NEENTVS.
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F£ 1 BORAE
No.| 7# BEREE Py
1 | *)VFFF | SPICE Toolkit &9 % | SPICE Toolkit i& Mac, Linux, Windows(cygwin), Solaris, 35
WwhT4— | 7—FTI7F v THETET | KOCZENLEROSH 32bit/64bit BRIETHIET 5728, [FIBREE
LS L. THWET BT EMEE LW (18]

ayy—)ruarsLe LT
BET5HT L.

X-Window *® OpenGL 72 EMNA VA h—bENTWix & d,
YIal—bFLEEBEENTEZXIICT 5.

2 | HhEEHRD

Lua JERIC K BET 7 1)V

BMGEREZ AR Y FIA Y CRESRET 7 IV BHFHRAD

A ZANT1EdBHT L. LT, HIHNZROELIICTS.
XML R KA MmifHe | Ial—FURERE, SEERZTFA 770 LTH
Hhssce. L, 2—PDERTESLESICT 5.
RiktEwei s L. HIEWICFENBRIKERZ 195, L@ ETOMES &
3. FIZXEEDEA, Hipparcos 12175 [20] WMFEEL, %
OHIIFEE E TORRBEPARY MU ENGEN TV 5.
3 | fiEaYT | YD TPOHELETZ7 A | Al ERGFHEGET 7 AF vy EBICED, RSN ELW»E
M4 F vz, HRREORMICH | DWHERTZILHTES. AN EMRIEDT 7 AF v 2§

ffFensc k.

DFEE, TNUCEIIST 5.

V2T DKk % fifili T &
5C¢L.

ARERLEZHET B0, VI BTV AFY EUTHETS
LT, VI DHLEEERET 5.

fER2E, A-H2XZEELT
fimdac L.

SPICE #1—x/)Vicid, Hipparcos #2078 &FEN, ZFOHIC
BEBERLEENTED, ThEBHET 3.

TR T 7 AT v 2 HiE T
TpTe.

BERIRON—A~y TEERNC, O EIRGET 7 ZAF v
MHET B85, ThefilicEs L.

FPIRET N ZRRTEB T L.

NEBIR ETIRET IVIMFES 256, Thze®RTd. T+—
< M& STL([23], SPICE DSK[17] Ici53 5.

A - WATE - [ - K OH
HFIZIRISHIGST B T L.

1 21X Venus Express @ VMC Z/\EOHEMAZRHES, HiT
TN AT T BN ETH 5.

Ty TIv— LT ROHSR
IZHIET B T L.

B ERD 4096x1 DK ST A P Lindicd, TOXE
9 2 EAIRVEGNTETLES. TORHEERDOTEIC
BHEIEBRZEL0END B,

ErofHtzflcEs T L.

PIZ R ARG L HEI, MRz U THilizT 5.

TAY—7 L — LI K 5HiH
ZYR—FgBI L.

AATvavEBIRTZILT, TVAFYORDOICT AV —
7 L—LTCHiEZTTS .

5 | W&

YIalb—FULEEKR
FITS, JPEG, PNG TH/1T
BTk

FITS 3REHEETEL R FONLZERD 1 DTH S, FITS
EREHHELTEDS.

FITS EXD%5, WCS v
R GHB L.

WCS Ny ZICHIST BT LT, ds9 FHD FITS €2 —7 ThEad
U7z, SO ARARDRRENS.

FITS BFRD%EE, 15—
AL SN R R

ds9 CHMABC ENTESHNF—T +—~ v I FITS RGB
24 BHHK— R T BT EICED, HTI—F I AF ¥ RROES C
LATES.

config file D7 +—< v M, Lua[22] ZHWX 7V P MEXEZHRHL TS, Luald A7 U T FFEET
B2, FLOW DX CEBTihE N0 r I L SMGHT C EMNATRET, Lua A7 U S FANTE
FHUIEBE CSHENOBIT BT LN TES. F/z Lua 3HEARINCHIY T 57— NWVEIEFIHT S &
MTE, 7—T7IVHEZ ANTHEE L T5Z N TES. config file ATIE, SPICE 51— VDISAFE®,

M FRARICEE U7 7 AV DS AZRET 57201, Lua DT—7I)LEFHALTWS.
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--! efile color_rosetta.lua
@brief FLOW configuration example (ROSETTA 3rd Earth flyby)

@copyright Copyright 2010-2012 Japan Aerospace Exploration Agency

—— ROSETTA 3rd Earth flyby
-- Overview

—- This example creates a ROSETTA WAC simulation observed
-— at 2009-11-13T14:23:00. Refer to 'Rosetta Earth swingby successful’
—-— compare.

—-— Reference
- Rosetta Earth swingby successful
- http://www.planetary.org/blog/article/00002212/

-- Kernel directories
generic_kernel dir =

= "kernels/generic_kernels/"
rosetta kernel dir =

"kernels/ROSETTA/kernels/"

-— SPICE kernels

spice_ kernels =
generic_kernel dir
generic_kernel dir
generic_kernel dir
rosetta_kernel dir
rosetta kernel dir
rosetta_kernel dir
rosetta_kernel dir
rosetta_kernel dir

"1sk/naif0010.tls",

"pck/pck00010.tpe™,
"spk/planets/de421.bsp",
"tk/ROS_VI18.TF",
"sclk/ROS_110405_STEP.TSC",
"ik/ROS_OSIRIS V11.TI",

"spk/ORGR 00096.BSP",
} "ck/ATPR_P091108000000_00086.BC",

-- star data
star kernel = generic_kernel dir
star magnitude_ limit = 4.0

"stars/hipparcos.bdb"

-- view settings.

title = "Sample view from ROSETTA™"

time = "2009-11-13T14:23:00"
basis_object = "ROSETTA"
basis_instrument id = -226112 -- WAC
aberration correction = "LT+S"

—-- object texture and model
texture_file dir = "texture/"
object table = {
["I{’LANET.EARTH"] = {
"texture—body" ,
texture file dir

type
file

n carth.jpg" s

i

b
}

-- output objects
output objects = {

" SUN n ,
"PLANETS",
"STARS",

}

image width = 1024

image height = 1024

to

2 config file Dfl. Lua X7V 7 MEREE>TWV5.
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#£2 FLOW O7—F7 7 F ¥ LK. FLOW & POSIX IZxf i L TWa OS ZHKR— k. BREEDH
BETETHEEL TORW OS I ARMGE & £

Architecture SPICE Toolkit | FLOW fii#%
Mac/Intel, OSX, Apple C, 32bit/64bit O O
Mac/PowerPC, OSX, Apple C, 32bit O AN ARG
PC, CYGWIN, gCC, 32bit O O
PC, Linux, gCC, 32bit/64bit O O
PC, Windows, Microsoft Visual C, 32bit/64bit O X AP R—F
Sun/Intel, Solaris, Sun C, 32bit/64bit O O
Sun/SPARC, Solaris, Sun C, 32bit/64bit O JAN ARIRFE

43 =T 7A4)b

VIal—ya VEHBRIERER EDORKENEEN TGS, ZOHEL 5 EENZ KEOLFZHRIT S
DRIWHTHS. 2T TV al— a3 Ve TESNIZFEES RO KK LT, KEZKFRRER E DR
TEHS, TOREDEGREDEDNBICERENTVEDONERTHENDS.

ZZTFLOW Tl&, IhHORKEERZ, ANCHOWTIREEE LIS, =T 7 AVAICEGH T
T5. K3 —2T7ANDRY Y TIINTHD, BRDORATDEMER IITRT. =T 7A)CiE, B
T3V & UTHMEZME, BR%t, KEEHRD 3 DONANEZTENTWS. iz, AJ1&7%% config

£3 v—UI 7 OVICEENSER. WESEEBXOBIZEMRE 12— T 7 VIS 1 DIFET 5. K
I 2 W ROMEEITISCTEHEENS.

A3V 2y HEE
EnESEs title ZA bV (FITS ZH5E LIzhElicy ZITBilEN53)
image_size | E{§H 4 X
sky_color | FHZEM L& 5=
IS location BIRSOTE (x,y,2)
boresight | EHIBEAREEFERIC B 2 4HRTIAR T BV (x,y,2)
bounds BINBEARBEERIC BT 2 HEFERSAN Y MU (x,y,z) X @E (UAFEOEE 4 D)
fov I (degrees)
pos_angle | HTHLLD & LG R K TOMAE (degrees)
angle_res | MifHLOD S _LiFHRE TOY 7 RIVHEE (degrees/pixel)
shape REIR (MAE, /A1, M, M)
center HEFHOOIREE - TR
RARTEH type KRR KRR KA, [HE)
name E2yn
magnitude | P25 X ()
distance | B
radius R (RN TR RZEEZFOYE)
rotation | BEHE{TH] (KA TR RE EZFOYE)
spectral ARG BV (RIADMEE DY)
texture T I AF Y (RIRDT 7 AF ¥ DFEET 55 5)
model RV IVETIVIER (REDOR IV ETIVIFET 255)
image_pos | KIKDMEG L TONME (¥ 7 2L D)
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file ICEH NI RZTOEXH1T 5. BIIZEME, FIC SPICE A—R)UD S A TEIGIRZ 1T 5.
KIRE#HRIE, HEFANCEENS REOHERZEL, TNEHEMEE SPICE A—3)UIc & TN % RIKHR
DEZHI1T 5. REDERD 205G, >—2 7 7 AOVICBRIEERMEREZENTHS.

44 WEAVTVY

441 TURAFVERDERYFF

FLOW (&, fiilixf5exz®E - HED, MTEEIREIZHOHRAICE, 2—YNTolRELET Y
AF ¥ EGZ T SN EBEEZRFD. COBEEICKD, HEOBIME S I 2L —y 3 v EDRERHICT
5TENTES. FIZIEAMKSFAEEROAETEND T I AF vl HIET 52 & T, BlsEROHMH L
MWAlREL 75 5.

X 4 1&, 2007 4F 11 H 13 H 19 K 30 49 00 # (UTC) I % L 7z Rosetta OSIRIS WAC DY 2 2 L—/ 3
HITHD. FBRCIRMICH 278, BEMROREZITY, HRRDOT 7 AF v O ZTT> T 5.

RESTRET 7 AF v liffE, HERELE 1:2 DY A XMW 2 OXRFFLZ S TVEIREND S, KT Eimhit
FE 0 B, AunhVRREE 360 f2, LHGAMEREE 90 fZ, TFUAEE-90 EOmigzZHET 2% (X 4 £ F5%E).

R OGP IITR TH D, HEEEIC LR THR LIZEROGENMEN L, R—L7 v T LIEAIC
TREBEEMISNZV. COXSBEE, RS TEBMGED T —2ZHET 2013 # L <, 7
HCERRELTE, 77NV EFDOEDOMNERICEZDY T MY o7 ORI BRI BN D 5.

CNZIRRT B70IC, FLOW &, S0MICEREEZR DT 7 AF v BHESNZHGEI, O DH
ERREICERT BT ENTES. X 51&, SELENE HDTV WIDE /1 X Z1c &% 2007 4E 11 F 7 H 05 K
56 77 00 ) (UTC) Oz > 22 L— b L7EEDTHSD. N—AX v S L7 % Clementine DE{{HD 11,
SELENE LALT TR LB T — % (hT—) ZRE 170-190 &, #EE 70-90 EOHD DA ERADET
W5, BEREDLEOMRZINDH LT 57D, BEOMRIBREL TS, FLOW IZE 51T, &7k
T I AF v "M %51k LT, Web Map Service (WMS)[26] &9 5R—F L, H{RDT 7 A )L SZADRKD
DiZ, WMS ® URL & LAY —%A MUEFHT ST &T, HoNEmGEEREET2C N TES. X
6%, T IV AF v HiGE LT WMS ZRET 572D, config file D—ETH 5. 77 AF ¥ EHEE IS
ICREIR T B 2 Ll kb, RICRARLIEANAE, BAICGGRENET VAF vy ERICK>TEHEENS., 77
AF v BRSO G AICIE, Homic LEEINS.

442 VYU OXREDREE

FLOW &, KEXTEGZEDY v J2FDRE 2 il 2 He2 M A T4, X 713 Cassini ISS NAC T
200443 H 271 H13 K103 00 # (UTC) IciRB L7z L2D, HElies I 2L —a VDB THS.

VI DFRRCE, TROT I AF v EGOMIC, VITHOT I AF v EGRZHEL TN (KS). VYV
TDT 7 AF ¥ EBIIGBEHEZFHT 5728, PNG 74+—<v hTHETZ0END 5.

config file Tld, texture-body IZHIAZ T texture-ring DFEZEMT S (X 9). #HHITZV > ITDOT 7 X
F v RS, ANEOBRDMFAL T S % rate & LTHZARTNERSEV. K9 OFITIE, KEDH
BOU VIH, ARERFED 231 L AR5 EEEHOTVS.

TEOBHOREE OIS, TEDYIaL—aiEI EL<HEELTVWE N GN5H, FLOW T
LA L= T OXSIEDERHZEREIC N L—ALTWiaWed, Y al—ya YOmig (K74H)
IZBWTC, VYT DLICERDEMNES TOAENWT ENVTN5.
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<rEml versicn="1.0" encoding="uTr-8-1>
wawdoo

llﬂ.'lﬂls.i. le>gample view from le
T le wimw ROBETTA=/titla>
<{haad
CEFAman
awlews
wdates000=11=1 3714231 00,000 /datex
=locatlon>
“xer=1 104800805 L0608« x»
<y>—35504.111791
=7*52053691. 5782 Ik B
</ legation>
=boresighcs

«/boresight>
<bnundeE
LpalaEs
2x=ld. 0460 T/ ns
Syel4 3546075
ﬂ.btas.nisﬂz:ﬁ-
</points
ApalaEs
axr—14. 5546870 x>
“yrld.SE4ERT</ v
<x>130. 478598 2>

dﬂ-—“.!“ﬂ:dtﬂ
wire=14. 554807
1#13&.41]5!!#?::
“fpainte

<polne>
<> 1d . 5460 T < >
aym=1d SR ERTC )y
<r>]30.4TESHEC T
< painte
< /bounds*
“fave LB 2006 T Eav
wpos_asglex317. 50055/ poa_anglex
ilmng-_l:nbl.li 1875a-02< angla_ress
CEHApSRECTARGLES/ ARAp
woHntere
“rardid. TOGEI0< s am
<deo>-24.610810< dec>
</ O0enTac>
cimagqe size>
<widEh>10R4< widehs
<balght>1034</helght>
=finage slze>
“aky_
=“red=0.000000</ rad=
ig.runbd.ﬂHHDd.l'g:Hu.‘»
b 1a=0, S00000C Bl uax
<alpha=1.000000< alpha>
“faky_colors
< wiew>

i ﬂ-i;ﬂﬂﬂn- =0, 3039TEIEET, -D.4BEITALASO</

“A3=-0.5693960767, —0.2959206158, -0.7669505711=
<R30 0900861726, O.90UATEPESE, -D.4160313960</h

K3 v—=yT77ANDH. =T 740 XML IEAATHIE NS, TORITE,
DR L LT, HEANICEENS 3 DORKERNPH TSN TV S (FHEE).

v

=<

alb—y3av
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4 TUOARFYERB. I al— 3 VRO E LT Rosetta OSIRIS WAC 73R, HizkoDHh
BT 0 AF v (L) EREERRT Y v RT 7 AF v (TE) ZAVie. AT & EMIBER LTIeT 7 AF v
g, HRE I 2 L—MERTHS.

4.43 FWARETIVOMHE

MHIFEDOY I 2 L—bEITIEE, HARZEREICT 7 AF ¥ 2EZ 723 Th, FPORAEINZBIRET IV
ZHE T SHRENRETH 5. NEREREERIICSTITE, AMICA LIEEINS A A THEIRE N, haE
25143 Ttokawa OBlZTTo>7z. e IaL— b LEODK 10 THS. JHIRETIVIZ/INESE Ttokawa O
Gaskell TRIRE TV [12] Z W z.

EIRT — 2 DEERERIE, +X AP M, +Z MM demeE U, +Y A +X & +Z 5 hHFRE
5% XICHET B, TBIRT — 2O THW 2 EE (FE#E) OHAIIE km TH 2. TRIRET IV L SPICE DFEE
% (FRAME) ED=x v B 71X, flow.se DFET 7 A1)V TH% config file TIT9.

FLOW T, IBIRETIVICRH L TT I AF ¥y k22 G L THEL T, HEaDY kL LT, config file N
WKIBIRETIVOEZ RGB THRIET 2HHZTA TV S, HlAIE/NEE Ttokawa DY 2 2 L— 3 V21758
AT, (Red,Green,Blue)=(204,204,204) &5 fEi% config file ICEEL TV 5.

4.4.4 HERRMS (ZHA - OAR - [ - #5M)

SPICE Toolkit Ti&, “POLYGON”, “RECTANGLE”, “CIRCLE”, “ELLIPSE” ® 4 DO#HEFIRIC
LTS, FLOW &HEERIC, Thb 4 DOREFAZID IS T LM TES. FLOW ICBUT 2 HEFFIRD
MENZ, ROICHB2RESOCENEAREL, RTHELUNOEDZ I AT 3 iETHEREL TN 3.

12 1%, Venus Express ICiB#E Nz AT VMCIC XA EEBR LY I a L —y 3 VIHBOETH 5.
N5 LT 2014 4E 01 H 07 H 01 B 04 43 59 # (UTC) ISR S Nzl z v 7z, VMC OB\ A E
DIERZLTED, ZAHBBIRTHZHBENIRAIENTVET N N0hS. ZOFEYIaL—a V=T
S b, IATHADEDT=HIC, HEOBFRMNIAE LR 5RVEANH 5. % T T config file LTy 775
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5 FLOW D57 7 AF ¥ #HEH. 2007 4 11 H 07 H 05:56:00(UTC) ® SELENE HDTV WIDE
AATHGZ Y X 2 L— . Clementine DREKT 7 AF v IC SELENE L—H—g&EEl (LALT) I &5
TOATF v DERGDETVED. HRGDEOIRNIDNOPTVL S, BEOMREREEL TWD.

["SATELLITEMOOMN"] = {
{
type = "texture=body" ,
file = texture file dir .. “"moonpng®,

¥

{
type = "iexture-body”,
wms_url = "hitp:/fonmoon jpl.nassgovivmecg® ,
wvme titlea = "LRO Colorized and Sheded Elevation, second version® ,
region = " 170.0,70.,0,190.0.90.0" ,
resglution = 50

ks

.

X6 EOT I AFvEIRIC KD FEERITS config file fil. T Tld WMS J—N\EMEHLT, #5797
I AF ¥ Witg7e 70T WETRACH AL TN D.

7Y Pt (sky_color) & LTHRWEOZIFEL T I al—Y 3 V27> TV 5.

445 Tva -« TIb—LX

AR RR IR E NS A XTI, HEOBEAMEEEICRELZ 1 otk —Ic K> TAF vy~
LTWL T eT 2Rtz lE2 [y a - TIV—L)0 EMENZHASHH S (X 13). SPICE O
PEFRE LTI 4096 €7, HE1 7RIV EVSTERDEINS. TNZZOEEHMT 5 L, HIC
EOVEEMERE N, BRLEY I 2 L—r 3 VEEBDMELNEV. ZTTARY T MY o7 TR OR
HoIT, BB « K& 7R L BERZIAMEN G 2 DNIGEIX, Ty a » TIv—LRE UTEfET %1
BEZBINL TV 3 (X 14).

FLOW & 3 BhlEE DR B RN T A e oY ZEH UZBOY I 2 L— 3 VITHIGELTWA D, 1
EF—DHEMNZAF ¥V UTIEKT B ERICDOWVTIE, 5D & TARIGLTWARN.
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7 LRV Y TDOEREL 2004 4F 03 H 27 H 13:10:00(UTC) D Cassini 1SS NAC Zxi5 e LT
Ial—b. EEOBHEIL (fF) & FLOW L3S 2 L— s Vil (4).

8 TREIRICHMAT ST 7 AF v, LEKEOT 7 AT vl (k&) LV Y7 DT 7 AT v i
(). YYTHOT I AF vEifgld PNG 74+ —<v MK BBEHET D ZEFA TV S.

object table = |
[ FLANET SATI H'\I"] =

{ type = “rexmre-body” .
file = texture file dir .. “sawmpng”,

be

{ .
type = “texture—ring",
file = texture file dir .. "sawm_nngpng”,
radius = "131",

be

ke
}

9 TROBRZHERT B72DD config file NDFLER. texture-body ICNA T, texture-ring DFLEZIENNT 5.

45 ¥HEATav
AT 3 v eld, EEOMEAHES fowig lcHET 54T a Y THb. VI al— 3 VAR

aAVTF UV EIRMSIICHEENTEEETH D, POV 2L —3a VICBW BT T A EMNT
x5,
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10 BIRETF NI 2 Lb—> 3 6l 2005 4 10 A 16 H 13:30:13(UTC) ICH4S L 7z Hayabusa
AMICA I X % FZB OB % ST 2465140661 v(/%) £ FLOW IC X %Y 2 a L— 3 Vil (H). B
IRETFIVDFIE, config file N TIKEUISHKREL TN 5.

object table = {
["ITOKAWA"] = {
{type = “model®,
file = model_file dir .. "iwkawa f0049152.s11",
scale = 1.0,
color = "3k 304 2047,
format = "S5TL"}

K11 RUIVETIZFRT 272D config file F&EH.

12 ZABHEOY I 2 L— 3 Vil Venus Express UV %2014 4£ 01 H 07 H 01:04:59(UTC) I
frolcBBiilley I aL— b Uk, EREBEOBNEG, HAE3AY TRy 27ic&syIalb—vay
g, ZAEOHERIHORT VLS, sky_color 47 3V THRICEVHEOZ VTS,

451 PELHMROBRE
15 1%, BB OMBEERELLMNTHS. @HDOY I 2 L— 3 VIFHCE, BEOMERIC K > THIEA
PEFRZTWVS. BEOMBEERETS L, HENPEERZAZLSI1ICES.
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K13 Twya - 70— L)RICXBHmE 2008 4 05 H 20 H 21:26:00 »5 10 B, SELENE TC ®
gz Ialb—b AT EZHROBE ImMEEEICEL T ET, oA A—IZERT S
LIWNTES.

time_start " 2008-05=20T21:26:00"

time end = " 2008-05-20T21:26:10"
time_step = 0.0075

K14 Fva - Db—LJR BT %7280 config file &EH.

K15 Bzl lizo I a2 b— 3 U6l 2007 4 11 H 14 H 06:36:00(UTC) IC5E /i L 7z Rosetta
OSIRIS NAC 12 & BHIER A 1 > 731 %D ABIM AR L TV 5. BEdHD () s L (h) B2h
22 Ial—kLTLA.

452 TJA4Y—TJL—L

TAXY—TL—LI&, WREBXRDZRRCT I RAF ¥ ZRLTIC, TNOHZ2T AV — T LIfmzirs.
1613, TAY—7L—LOMEELLHTHS. SELENE HDTV O%jEH A5 (TELE) 7%, 2008 4
04 A 05 1 21 B 44 43 26 ¥ (UTC) I A i 5 Rz HEROKIAIT £ I 2 L—F L7zbDTHS. K 16 A3
WHEOYVIab—ya VIKEBEOMRZRELEEDTHS. K16 £, TAV—TL—LA T arizD
W, hOBEOMRZGRELZEDOTHS. ANIBICHERN T AV —T L —LEE>TNET ENTh 5.
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16 JAY—TJL—L¥Ial—3 0. 2008 4 04 H 05 H 21:44:26(UTC) Zffifl. SELENE
HDTV O3 al—>ay () EIAY—TL—LyIal—yay (H). W5 EBREOHRIZM
T3,

46 EROHHAZN

gz N9 % LT, —RIEEGERICHIST S 2 i, FRAGI AT LCHBBAL FTEELZHTH
%. FLOW TiE, —fR#7&74+—<v & LT IPEG BXU PNGICKAHZYR—FLTWV5.

—HT, RXDHTHEEL UTHEHIN, BF TEEKEHEEICBOTE LELEFIHENS FITS 74—
<y FEYR=FLTWVS. FITSICXZHITIE, 77 AIVEHEDNY ZEHBIC World Coordinate System
(WCS)[14] BB DF—T— FEEGATNG. 07 ds9 [25] HD WCS 1SS LTz FITS ¥ 2 —7 TH )
ENTCEHRZ WA, FR/%E - AN RENS (X 17).

5 YI7bhox7NDRE

51 EEDRR

{HEDORBUE, AstroArts #t [1] TR LI AT I FET—XICHR LTz, S - (RBRICE DV RBIZ 1>
T3, EREOY A XRWHEE, HEIIIKIHUT, 8BRICAILTETWVS (K 18). X AXRY MVENT
JIELTBRREEZZ TS (K19, £4). AT MVRIOERIX, SPICE A1—3)VOEET—ZX—Z (#i
Z13 Hipparcos 71 2117 OIEHEZ ST 5.

#4 HEDOAXY MV E RGB MG

TEHREDAXRYT FVE | (Red,Green,Blue)
0 (128,128,255)
B (160,160,255)
A (192,192,255)
F (224,224,255)
G (255,192,192)
K (255,160,160)
M (255,128,128)
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8 00 % SAOImage ds9

FrA)I RE BT ZL—L4 Z—L A&y—)L £ B WOS fEd ~LTF
ZFAI color_rosetta fits[1]

FiEE Sample view from ROSETTA

8

K5 o |23:33:26. 58 & |-23:00:00.3
WyiEmEsE R | 401000 | V| 592, 00D |
X
X

RIEER 401.000 | Y| 592000
7 L—A4 1. 000 0. 000

TrAI EvEesd | -4 | Ay—n | & | @8 | ws | ALT
B¢ = ~y & R—SHE ENRI ®T

25 50 16 101 127 152 177 203 228

17 ds9 Ic KB HIEROER. 2 2 L— 3 VIZld Roseta OSIRIS WAC A' 2009 4 11 H 13
H 14:23:00(UTC) ICif% U7z HIER X A > 778 A RE DI 23R L7z, FITS RGB/FITS cube I X% 7
T/ IRE, WCS N ZIC K Z754% » FAEORRITHIG L TS (FRFHHR57).

5.2 HMBOHEEBETIVI Y

XOZLDT Iy T+ —LTEEEES7HIC, FLOW &, ZHNHATEET 2MEORE T Y2 7%
BHLTWD., =D 2D V5T 4w 7LV (2D-canvas) THO, £5—D2& 3D FI7 T4 v 72TV
(Tiny 3D Graphic Engine; 3D-tge) Tdh 5.

2D-canvas (&, A AEY TENET ZEKLNWV—F > TH D, FITS/JPEG/PNG DA )1 E 7% Image
I/O Lg% (K20 k). €7 NVOAhT—iEE, hF—TLVF, canvas ATOHITEDEICHIGEL T
5.

3D-tge l&, A7 T —2HIC 2000 FICfFEENHliz LHE L TWE. =MAIERY) d 2 OfiHikbE
ZHEL, BRWE, HE Sy T 7, 7IVT 7 7LV REREICHIG L TWa. 3D-tge OFfiilE, 2D-canvas %
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18 HEDHZ XL U1 X-BHEOZ L. HEDHS X1 8 B TREIZTTY, /ol Magnitude
7.5~6.51CHIG L, A7 <IZH#N Magnitude Y 1.0 FAV%. £fiiild Magnitude 0.5 RKEICHIGT 5.

19 AXRT MV X B REOZ. ENSHEHEDAXT MVELO, B, A, F, G, K, M IZHiGd 5.

Ny ZLYRELTHMTS (K20 4).

IN=RO 7L VEY T pnBEe Lianz®, OpenGL A%, X-Window System ~2, GPU JH&FET
H, BHMEOSEWY T by 27 ZRHL T3, £lzmdbERO7Z5HIC OpenGL IZBITLRT VXS,
3D-tge DR DO I OpenGL & LI7MES ZEA L T3, 121 OpenGL T RGBa /1 7 —JE
TOERRTET 2HEEICTHW S B glColordf() i, 3D-tge Tl tgeColordf() IZx L LT\ 5.

Application Application
!
3D Graphics Engine 3D Graphics Engine
Image I/ . 2D Graphics Engine Image I/O 2D Graphics Engine

20 HWHITT 4w IR LYY VOMIE. 2D 557 ¢ v % A FITS/PNG/JPEG @ Image 1/0
LHHET B (J5). 3D FT T 4w A 2D F5T 4w h Ry H LY RE LTHA (6).

5.3 RRETIVOFI+AH

RETIVDOT F—< v ME, —%T +—~< v FTdhH% STL(STeleoLithography) 7 +—< v &,
SPICE Toolkit @77 )L 7 7 i Tt LT % SPICE DSK Type 2 I LTV 5.

STL 7 #4—=<v ORI OWVTIE, AT — x>T4 Ragel[28] ZFII LT C SREDY —
Aa—FRZzHAL, ThZzHFAALTNS.

SPICE DSK Type 2 & C S3ic k% APL MEtEN TV S728, ChERHVTIIRTF— 2 25HAM LT
5. NAIF 2 &% SPICE DSK Type 2 OBFEIRTUIBUE a kR TH 570, /&R 25143 Ttokawa, /NEKE
2867 Stein, /KR 4 Vesta, MEDEE Phobos WAENTED, FLOW TEINLZHERTHIEMNT
T3 (K 21).

54 EKEZATIVESAEVR

AV T R 7i&, SPICE Ak, —HUCELRILTE DS C & ZNHRICIIREITY, EIFE BSD 51+
VA9 TABLTWS. EAYT by 27 AR LEOI—H, ZOMRAICH L THIPENE S,
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X 21 IRETIVOFHAF. fid STL 74— v M X Z/NEKE 25143 Ttokawa(fRIGHF4] 2005 4
10 A 10 H 07:35:40 UTC). £51& SPICE DSK Type 2 7 #—<w M X 2 MEDTE Phobos (HR{5H
%) 2006 4F 01 H 20 H 23:07:49 UTC).

V—AO— RRHDOEHKDH % GPL[5| *° LGPL[6] Z#F T\ 5. Kl TERMAMAIREAR XK 51, Public
domain, EIFEBSD A4t A, MIT A4 A%Fhe LIeV T by 2 7R E LTV (£5).

UL UEME, HBICAKRY —)VOIREY 7 b 2 7 EHE R LIV EEZTLEICIE, RD 2 DDFICD
WTHEMRETH S, —DIF libxml2 BV ¥ 7 HAJEES iconv2 DT A2V A, &9 —DId libgee ICHFEND
libregex TH 5. TNH2DODYV T b 2713 LGPL ZHALTWA 7, AY—ILOIREY 7 T x
7R LY — A= RZIERNFOE FHA LIV EEZBLEICE, libxml2 A5 iconv2 ZFRE, D
libregex % libgec D—FRE L THIAT 275 E TRWARETH 5.

x5 MHKFETATIVDITA A

T4 Wz 751 fi##
MIT libxml2, Lua, libcurl libxml2 I3AEHET iconv2 2V > 7
Original SPICE Toolkit, cfitsio, libpng, jpeglib
LGPL iconv2, libregex R4 7 &0 7 BRI R e B

55 INvIT—I05

SPICE Toolkit Ti&, D TF Y b7+ —LTEET S XS, IV b TI+—LTLIIY—Aa— K%
T35, FLOW TiZ, libxml2 % libpng %% &, H#EOBHFET A 77 VIMAFZL TV E D, V—Ad—
FEAARHCHZICHIH E N T3 Autoconf[3] BX U Automake[d] Z{EH L TEET T v b7+ — LICHIS
LTWa., CHICKDY—RAa—FZEIETHILKEL, IVFTIY T+ —LTaAVNAM)IWVZEHEHTES
Rt LTW0a. FHEBOTTY M7+ —LTOAVSA)VEFIFIE LTORT T ik, a>v8A)LT
# S FHZ KL T 5.

6 —fRI1I—YmEiFoLQ>2—T7 4R
6.1 —REI1—YNS

A Iab—2I&, FHELLTSPICE DEREICDOWTHEHEEDL NIV RO TS, Dl Ll
B2t 5 2 127 SPICE 71— 3 )VEEOYE(-®, K5 &9 5 BIIRERICEHI D 4 TH5N TV 5 NAIF
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ID IEDOWVWT ORISR ETH S, FBIC TN AEER DX, BIIRIRTF —LTH-o7z0, #HEICKEREEIC
#D b SPICE ZFIH LIiREihd 21— Ths. AtV 3> Tid, SPICE OEEZEERL, —imlr
DIA—FD=DICFAF LIz A V2 —T 2 A4 A DWTCatihd 5.

6.2 BRIVETFELHAREH

—RI—TDRA T 250, BHEROBRELNHNIL, I al—ra VIRERERE 7 TH
. IAEROA T a2 LT, RBEOER, 77 AF v OFERNTENE, FLOW MWHDORREZ#Ex
ST &L, A—YIRDZMENHICT BT EMTES. L L—RI—TFDOHICIE, EFRICEDEK S Kl
W2 ANTROVDOD MBIV END 579, TN2YR—Fd3LHALRETHS. AT, HEPK
ENHBRICEENTOIIGEIC, EORKTHZD0Z#HT 508055, INEZRITEHic, UK
DESRZ2FIFELF & LT,

1 A—YDERNZ AL, EERZZMUIGEIC, YIalb—bLEEBZRRTEI L

2. BRI EBIATE T 550, BIRSRZEINTE5 2 L

3. HRDFRA T a e LT, BEHY - 2L, VAV—TL—LICKZER, @ffEET 7 AT vD
FTRZERTE B L

4. =YD AN ZY K-t 57dlc, BRMNGHIZ Y ATERNLUIEAIC, BRIOANT - BHEZED
BRZYR—FdBT L

5. WGROREICHIN DD 255, [FHIRETHE L2 LI 5L RZ2T5 L

6. BRICTTRENTRED DB K5, RIEDOTEHR L i EONMEZLRT 2T &

7. BBROBUENEZ NS T2DIC, IUAF—N—RHCA—VIVRY Y a Y eRRT BT L

6.3 VITITZVYR=R-7TVr—>3>

X0ZLDOA—PITHIET BT, —L—FMFDOA Y X—T AR LT, V2T T ITTHFRX—XD
7TV —a R L (K22). ThE FLOW on the web & %11 > & —%w b ETRABLTWV3
[11]. TAZ b v TaA—PRITERL, ENXNANVETT 7L AT HA—FICEWHIGL TV S.

ASHB R OR, H{Hilit+ Ty a e LT, BEOERE, TA4Y—7L—LOBRMTZ5E31ck>T
W5, EEEEOT 7 AF ¥R IVETIVIMFET LI, TN5EERAEEE LT 5.

REZI D A&, ISO 8601 ICHEMLL 7z YYYY-MM-DDThh:mm:ss £ W IR ER > TS, TF 1w b
Ay 7AW, L T4+—<y FAERENS TRZIT-> TS, £, HEFERKIORIC, 7)VT7 7w
DT ZAND T EE—RDOI—FNIXONEVAREREEEE L, Date Examples Z{5i#k L, &Lk 5 AN
R Z A TERRLU TS, X7z Date Examples i&, 7V w733 &, JavaScript I X O Kl & BIHIEERR
MHBIMICREES NS X 51E>TW5. Date Examples Ofi|%& 27 VU v 7 L, Draw KX 2729 7210 THi{R
MEENS.
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