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Reproducible and shareable data visualization method

Koji Imai™', Yasuhiro Murayama'', Ken Ebisawa 2, Daisuke Ikeda~, Daisuke Seguchi”

Abstract
Data management technology is becoming more and more important to promote scientific
development in the society brimming with data. We improved the data visualization web service of
earth, planetary and space sciences (Cross-Cutting Comparisons; C3) as the system controlled by the
human-understandable query string (QS) to make reproducible and shareable charts. By including
information of data handling procedures in the QS in an orderly manner, the chart is easy to

understand, remake and share via text-based communication tools.

Keywords: reproducibility, data visualization, geoscience, cross-cutting research
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2.2 7Y CFFHNDOEY F

HIERBREE 21T 2 RMIABIOR BB BR O EIE 2 2720121, T — & ZRFZERIT
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wEnn. £LT, CBOHBAE, Fy— MR T 57200 HRE 7 = U XFH| & LT
DEITEELTND.
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C3_ (VAT LDIN—= 3 ). cgi?w Zil+T — 2 P+ — Z I+ A 7 3 2

oL, SORCE (Solar Radiation and Climate Experiment) ® 7252 % 7242 KRkt R
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IR < .
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(BLF, URL 7 =V CFHIEMES) VUL, RUFv— bAEE SRS, 72720, S8
WZhDHT7T—ZITERL T eWe, RIUTF ¥ — MERiET 5010 TiERu.
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An attempt for cross-cutting organization and publication of astronomical research
materials using DOI: A case study of Okayama Astrophysical Observatory

Shiomi NEMOTO", Yoshihiro TAKATA™, Hiroshi HORII ", Misato HORII ",
Takahiro IINO ™ and Masaharu Hayashi

Abstract
Astronomical research materials such as observing instruments, photographic plates and blueprints
are important materials that records the history of the improvement of not only astronomy but also
modern natural science. These materials are stored in many universities and research institutes with
their manners. For the cross-cutting materials organization, we addressed to construct a “subject
repository” that uses Digital Object Identifier(DOI). For the first attempt, we tried to arrange
materials stored in Okayama Astronomical Observatory. In this paper, first results of the

arrangement of astronomical research materials and meta data inherence using Dublin Core method.
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1. XU OIT : RICEMFRER DK R RIFDOREK

[E N4 o> R SC R % - “RATREREIC 1T, 38 B OBIHISCRF IR i A S 7= BRSO
WRoe 7 4 Vb7 EDQORIFMIEERNEHEUF L TV D, ZiblE, KEDORILFDOHE
BT LEERFMERTH Y, HERRAF & RERA~OMPED KD B TND. KIF
BB A RAT - kT 5 2 & OEFRIT, OREICFEMm SN BH - FROZ4M - HE
PEZWRRES 5 72D OARBL, Qi £ DA & Foft OH T 2 O TRESHT - BEET 2 2 L1
L5, BB it Ro%S, @HBEAMAE Uk, BEEIRIC O W TR e~
oo BEEE, R ERRTFEND. RICESETIE, #ISRH OB AHZE - B8 A
I, OB e Y =7 MR TBIE SR 2B (B YR - BT 2 2 L BN LD,
FHRHAN A 228D, BT — & &R TR~ = 2 7T VRO BB EHI OV
ThHitdk - RFTHZ EDRDLNTNA.

B4~ 2T EOEL Y Ml & LT, FHEEIEET (ISAS) MPTE ¥ 5 BESCAEE RO
P - ABORY A [FHREERT — 2 X—2 ) BNEmiEs s LTEFsns U
6, 2016) . FIFTORAT D 80 KIS SR « 7V FNVEELERETEES, 60 4
M OFFETEENCEE L CEASNTEEREICT VX b A 2T =2t 5% L, [Rpro7T
HENT — AT E LTARZIT> TS, SIS, RICEFRICBON L, FHE - (&
&L BICBIIPERESEOMIER b EETH . [ENRICE TIHRA T AR 2 T S
T — A TE e RINE W 2 —WNIZ 2008 FEICERAL (BUEIXPAZ) |, AFEBLH - HIE 2
DI - o0, ITHARPIOEEOHER - B, £ L THEEEREOT V2 ka1 7T
F7-, WEEEOTEE L TCEERAF—F L X N —480BR A biThihvoobh %
(Fif& &, 2017)

E 1T, £ < OEITHECTITE BRI IR - [EMARR S TE s, A
WG & T ARE RO EEREEHIENO KT - RS ICSHFEL TVD LB XL
N5, FHDLIT, TNETICHGERSORKFE L L C, HIgICHFET 2 ENEROME -
FIOHNME - ABNCED FLATE G S, 2012). 2014 18— fBALIE N ETEIR U R
TR UWES CCAT, A Zr L, BRERR S EERER & TRirEE e
i A R LT - 2 BT 2 E ISR A B L T D, ZO—RELT, BB - K
EMOBARIZBNT, HE - 98 H A THEA S RHAERER R L OHE HRERO&
BHERICKT LT, TV X NVA 7= 7 Ml + (D0I: Digital Object Identifier)®% {5
FTORA 2 TN LT (IS, 2012). fHx OEEHMERICK LT, BEABT 24459

' http://www.repon.org ,— &3t Hlik A M EEYRSR)ES (2017 &£ 6 A 30 AREDR)
2 https://www.doi.org, the International DOI Foundation (2017 £ 6 B 30 H#R)
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MRS 24 —7 o = ZDHEEL, HROETE 2D >2H 5. ERIZENTY,
B TH DA SCER RN Z, ORI E 72 HHF0EE, S BT, BFRilERE, bL
<UL, MREREAZRTER LS TCOYRY ML - =T ARSI EAL TN D, L
MU G, RICFHETIE, FICEHOBAEA A - BUANZEE S, 2Bl
7Y =7 NHALCEIIBERR 2 B I RE - EH T 5, Wb b — OB SR LN
ZEnn, BT — % % HRHT 5130 TBIBEERCE OKH, ~ =2 7 VOB
BEHCOWTHURY ML - =T M T 52 & RkOBND.

2. EAAIF DOI Z I L7 EEHH D BIEAT 1) & EEHE R DA
AWFFETIE, RIXFERB I OZOEEGROT V2 NT—2 (HgRT—52%) 20
ABT =2 Dy N (7)) i LT, BF#MATChH 2D DOL ZFH53 5. Ak L
7Y, RICFERHNCIE, BT — 2 RMmsCE OISR & 0T, LR B
BE - BEREA~OA X Ea—Te Y, RIEEO & Z 508k - EET 5 7o DI R A[ K e £ Fi
ZRRISERIN G D, K 1ITDOL &4 L7 ERHEHR O BTt 2B 2 M5 4 R 5.
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GEEdIES
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RICFRFERHI R LCDOL 2 A 53 2%, T8 L ICSER2ER - Uik 5
ZIRBROWAMILTH D, T EER EOHR ET, RIUVEHTRE R & OB R % 51
THLEITIE, IHE CHTERKEA B L OGR4 0R T2 2 NI TH o7z, L
L, ZHREINTERZREL, BEHER~OSREIT O LA, IR~ &bt
D, BECHIT SN BSERET 2 LERH 72, Sk LT, ERMEMRIZDOT Z £t
322 XoT, - M- BT — X2 ELRRERIMOBEREZE TICERT 5 2
EMWATRE L 720, B OERN G 5 F N2 ER AR LTz “BE OB & AN ER S
N5, #2102, DOIZEAIDE L CTHRA L Z & T, sl ESTE R IR ISR R O
WMRLRDZETHD. THITRY, HMBENE 2GR, SCHRERE & B BHE
R - GRS O BT PR OME N B I N D, BUE, FINEREY R MY
F— 4 ~_—A (IRDB) *ix, ENOHBEY KT MU DB AXT—ZHIE L, fRSTRE—
B ACiNii (http://ci.nii.ac. jp/) RENLESMEL & OBEL FEML THD2, Thb
R U7tz - ol & O IOV T H AR E 78 .

531, RIUFMEEROFEEEFEOML Th D, BIE, 585 I TV DRI
FEB D KER 3 DRFRORLE OFTREBICFTR S TV DA, BESE GRS ICEE
MBS LT WV, il “RIEFHGE B RN THETLIZEIFFEETHS. &
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vy 7T — 4 KGR j?qu@;auﬁmm;@ ALMA v U 7 L—3 = VM
T — X DFEEERIMNT AT L OFRET &S

AREFZEVE T WARERES P, L EAE

A feasibility study of exhaustive analysis of ALMA calibration data for the creation of
big-data driven solar system astronomy

Takahiro Iino™', Mitaro Namiki > and Takayoshi Yamada "

BE

2011 FELSRIEMAZBA L2 ALMA L, I V- 37 IV EEBICBVWTINE Tz WERE - &M
DRREBI 2 FBT BB TH Y, KBERREDVE— L Y IBVWTH T VA 27 AN -2 5T &
EZEzond. BHEBCERINSG XYY TV —ya VBT — X 2RPEEBRIFR AT 5 2 8 T, FEIERE -
W - RGN U CE KRR RKBRR BT — X DO AFTRAEL 5. —HT, TOTF—REEIIHE
THhh, RBEEFTT—XUMEZTORINET - X FEORBOPHETH D, KREDT — X% 7]
BIZT DY 7 b7 - N—=RUzT20EETEZI N7z, HAlEALMA vV 7L —v a3 VER
T—ROBZBHANDEAZEEL, T—XWHEOSEE [ LNy FUHEL, U THHAY AT L O
WO A, FY VTV =y a VBT -2 25T =200 fits 77 A VB IO Ay 20y ZHEi&g 7 7
ANVETUHTEVATLZBEL, WHEED Band6 A EO T —XIZDOWTIEARMFARY 71 LVOWLM %
BT Uz, REET—XIZHIETEAT =) T4 L EdERFEDSAS AN L —U%EAL, K<HWS
NTW5 1 Gbps DAy b7 =8 A M=V L HAT, RBUERHO»»2 70 ATHoTF v Y
T —¥a VLB Z 19-36% ICEMEX B 5 Z IR L. X512, A7 uk 20Xsikic kb, W
e &2 13% 1M L7z, 2hicky, IHEECTRE TS 2REDOFIFEKI AT 212k, BIENRRERT
ALMA ¥+ V) 7V —> a VBT — X OBREMENT 21T D 72O D% D15 Z L R TE .

Abstract

The ALMA that started its operation in 2011 has significantly high sensitivity and spatial resolution
in millimeter and sub-millimeter waveband and expected to introduce a breakthrough on solar system
remote sensing. Use of calibration data accumulated during every observations enables us to obtain

the vast amount of solar system astronomical data. In turn, the total amount of data is quite large and

d01 10.20637/JAXA-RR-17-009/0003

Rk 30 45 1 H 18 A} (Received January 18, 2018)
O TR A

(Nature and Science Museum, Tokyo University of Agriculture and Technology, E-mail: iino@nagoya-u.jp)
7 OO TR LA LR

(Department of Computer and Information Sciences, Tokyo University of Agriculture and Technology)
PR TR KGR G B T A e

(Interdisciplinary Graduate School of Science and Engineering, Tokyo Institute of Technology)

This document is provided by JAXA.



20

FHAZEATTE D SRR TE D S8 7T JAXA-RR-17-009

all of the data need to be processed to see if the data is suitable for the scientific analysis. Therefore,
we attempted to construct an automated ALMA data processing system and a new computer system
specified for the conversion of ALMA calibration data into the scientific data. As a result, we succeeded
to construct the automated data processing system that produces fits cube file and quick-look data of
spectrum and 2-D brightness map, and to process the whole data of Neptune above Band 6. In addition,
introducing a new SAS storage that enables both capacity, scalability and high-speed access succeeded
to reduce the time required for calibration process to ~19-36% comparing with a standard NAS storage
installed on 1 Gbps LAN network. A parallel data calibration system also decreased the processing
time up to ~13%. In summary, we succeeded to draw a path for the comprehensive analysis of ALMA

calibration data in a realistic machine-time.

Keywords: Radio astronomy, ALMA, Planetary atmosphere

11X I

TGRSR BT, EHO LG CRIKFCEBI S N2 KR » S DES I Z L, &= o e
ZEBETLHEBRTHS. HTH, 2011 FITHAMPIEE 5727 XA KELI VIEY 7 3 VKT (Atacama
Large Millimeter/submillimeter Array; ALMA) i&, 66 6D 12 m 8 X 7 m Ez@ih 5 4 5 B THEHT
HY, 31 GHz 25 950 GHz & WO JEWRABERIZE W THEFIRE KO0 82 L 5. EHIND
Z2[W1 43 fifRE L, 2017 4EBIAE (Cycle-b ¥ — X V) IZEAMLI N T WA BN Y FIZBWT, Ik D22 M5 fifae

EENTE 3 REAFET— NT0.042 % (Band 3, 100 GHz)-0.024 # (Band 10, 870 GHz)** TH b, %
7z, MK 66 BDT VT FORMEEICEY, TrFF 1 A& HE MR AR TEBETORIL
MrcEs.

EIRE - mZEE D REEIE & v D ALMA ORI KGR KX FICEWTHHEETH S, KERNRIEKD S
b, PR R TR AR RE R KIRII AR - &8 - KE - KE - LEIZ&YE 5. ULAL, ALMA iF
HERE 2.2 23 OEEREY, 0.6 0.7TROLEMERA X iRy, £ OBRE - {2 OZEM SRS % 583
5. BREIZITHT 2 @2 RAE T O - EEEBIINE, KREMEPREL A F I 7 X, BahoEl 2
WEEL L, KBRRFIIT LA 2 20— %b k0T e fiffantns Y. Lo L, ALMA %MW =R%E
HOBSZBEINTED, Y127V 00259 A 270 3 £ TORM 7o R—FIUERRMERIZ 82, 58, 3.9,
SOMBTHBLTER. /2, BEOTOR—FIVIZBVWTHFETE S 1 M7z OBRIEEIZ, 12m 7L
1 2HVBHAETH0 K ETLRiRIh TN fﬁ#ﬁ’é‘ FBHBARREXI N TVWEDAL ST, ERA
BRI 2 T U210 v —RABHIR, 57 - B ORFZERIZBNEE % H g U 72 B OB £ #7200k
WThsb.

FIT, BEIZALMA % ¥V 7L —Ya VHINTIT > TV R EREBIH T — X ORZZRH T — X ~DHsH
WWEHUKZ. AKOT7 Tu—Fizk b, ZTRNETLEOHER A X IZDWT, ALMA OZEH 4 REE % IE H
L7 & A & v REHAAK D EREAMREAEE TN TS 2. 61z ALMA 0#AK 81 7 o
¥ —Y ¥ (Project code: 2011.0.00628.S) /3. R CrA IRS7B 2RIZEBHIKATH D, TNLSMZHET

*4 Cycle-5 ALMA Proposer’s guide 12 & % (https://almascience.nao.ac.jp/proposing/documents-and-tools/cycle5/alma-
proposers-guide)
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BB X0 T —H%— J1924-292 B3 ENE N Flux 8 £ U Phase/Gain ¥ ¥ ) 7L —& & LTHHITNTWS.
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11:23:38.5 - 11:24:08.8 10 0 J1924-292
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11:38:34.2 - 11:46:35.4 16 3 R CrA IRS7B
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12:00:32.6 - 12:01:02.8 22 0 11924-292
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vavRIENREEND.
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ZENRRND. T4 TTIEMIZERSEL A I N T WY, L35 E— 0L - BilDFH
ZRUTEY, E—ABROFMIZOVWTIET—2%2 XUy u—RNL, CLEAN U %9 £ TRHTH 5.
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S5Z6NTWVWS. ZOKD Ry ZEFERBARZEEEAT 5 2T, KAPoMES TP RAMALE S
NI BT 2 Z EWAREIZ RS, ZOTEE, BERKGKERD, 4B X 2R HAD 5 KE, &
1Ry, RER, BERIZODVWTEETHS. Kz, N, 2ERHS L L, HON, HC;N, C,H;CN Fn =k
EFEEIIAL AR VRGAIITBVWTIE, EHRRGALE T 0 ADMHPEERETH D, T OBHINHIY
DIzDIZART T —FBREZTHEENIKRE . £z, FTONMOBEHE B S WREIZIR . FEDK
LD S SN 0 FHEIIRE, EICHEICEZ Ry 75—V 7 hB XY, EHENDICX>THRES 1
5. PHRAMIZAEINERGAEE TN TNV R DIE - [£h - D T EEREZF-TE Y, MHiIRE#
J& U T RO R A R U 7R AR R 2 T, B o NIk Bl Rk R T A 2 b
T, BTOMEAAOHERET D IENAETH S (=KX T ATV —RETI). S SICEHEMOMHEET —
KAWL, 73 AOEEBARETH D, EBIC MO E W0 F OISO RIEIRE ST
W3 Y D FOFERLHET, DHEEBENGCHNT 2 2 L ARGUFOBBIZB WV TREETHS. Zh
XA XV DRFIZBVWTEEETH Y, HIZIEEEE IS WTIIEERICHAEL TW2 HCN 47 1 D%
A%, INKEDORED AR & > TERI NS 3 FHOFEEROBIHIFE L S, BEEMES T ORIED
D RGAD B, ZNE T, B EEEEE HW- 2R 28I X0, BEERERIIREYICZ LN
RS RS TWE YD, Ry ) T L=y a VEBRITF — X &I, & 0JREABES TOBRY, Wil
EADTD 3 RTCHEEDEH A ATREIZ 2 5.

2.2.2 XfxAMR

SR T IR EAVEBIHEE, v T -y a VBRI RREOT TR, BEEROXA X
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120th image file, 2011.0.00405.5.X4122f3 X133.Titan.split.spw2.cvel.spectrum
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| H il
| b J A
N VSN | /i
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|

005 M SN
10 0.8 0.6 0.4 0.2
+2.906e2

X4 AREIZETERINZZAZ 2O Band 6 12815 AR bLofl. HC3N 4 T Olallx, IRENER
MHENTWS., BOORRIE £20 %, HEOAFRITRETREEDO S 20 FOAiE 2 RT.

VIZBWTIRRIZEEINTE 2. —J, H=AF, AV AL, CLVAD 4 RKORKIZIEFIZHHETH D,
DHEHDT 4 =) T4 PMEVWRIKREAREINTE ., 728, FHIKRRTHEZ A= AT H) A MR
HOKNFIET B L TRAPERIND EEZ LN, KB, KREKTHLIEBEEHZE MY P PEEREK
KOBIBR A5, CHy ® CO &\ o KRS F OB - IRIEABIR X N 50 7 2 ORILH L i
Z5NTWS . ALMA ORSEHIC LD, 47 IV EERTOEERERS S CO, HON 4 F#ili & k5 X
NTW3 8 KRIKIZBWTHABOSRBROREIWIRHI NG, £, EEKIKORENHER Y TH b
R D BVEME AT AR & W o 2 EORIINAIREIC R 2 B 6D, HEREOPHERIMZ X 2RE
S THRIEA) VA BEERIZ LD R INZ0ATHY, @EREMGEEITE 2y ) 7L =Y a VEIIT—
XDEHIFEETH 5.

2.2.3 BFEARA

KEBRHRREKIZB VT, KREMEER XA F I 7 A, KBEEMEA XY e, H - ARMOF R A LA
T—IVTEHT 514 XY MBFEHEL, TOHEEBREOMHARITBIRNERNEECHS. ENLRLAEDIVES
XU 7 I VKR TH BE0 1 45-m LiEiEe ASTE Pasiix, KK ORMED & BRI AED 5
FEICHIBRINTWS A, ALMA JIZIFBETEBMA2ETLTE Y, KEZ#HOH D1 XY b OBHNTEL
TW5.

KA 7Tu—7L U CEER—BILEFE (CO) 5 FHROBIHNIIKGERARLFICBWTEEETHL I L
Mo, T—=H1T7HIZHEHEENT VDS, KERKDERDE CO, #TTHY, ZTONMETERIND
CONTIEIVHE - T7IVWHETRBOBREIIRTHS. CONTETO—TL L, KEHESHEERL -
CO N7 3 ML ti®, Ny 7TI—=T7 hEHWERLKESAF I ADHENS X, KEKROBMIZENT
EELBIMEN 2T 2P Th 5.
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(a) (b)

7001 o 2.0 . o
120 qy w2 ¥ cow
o . s P
600 -
& 100 _
3 =
g 2 500 1 L[] i'. ..?. ol
3 80 > JOSE)
[S S %
2 5 400 [ 1 ce o
[=4
S 60 o ° °
: £ | deierr abh {1y tpiwep
g | e ¢ _o® e 8
g £3007 309008 P 0@ 1A g bl
5 %] T ol AT XS SR
200 | WIS -8
207 © et s ip
. [ LXK
1001 gedbga 1 ¢ abiliife in'sled- St
0- T T T T T T
2012 2013 2014 2015 2016 2017 2012 2013 2014 2015 2016 2017
Observation date Observation date

5 (a) AERKIZHT BB OHRE. 2016 4 DR IEHE X H72 CBHIARTHNT WS, (b) BHIE
BEOHR. ZHEFEBCA NI AZULESDOHNRM 3(b) THD. ZSHEH RN = 4 5 8B FE B
PR L TWA. 2017 F42 514, 200 GHz A D Band 5 AAFFEFIHIZHE N 5.

T4y Iy VR
7 ERER
Cycle-1L{& E£TF—-IDFv
YIL—vay
A WA -
FavKya— sl
vavicks imval
2R - 3RTE
RS - kvrs—sy | | ZE IR | axmea—
ol g | |sewirEimL || remeam [, 7T T me - w
FovA—k Cycle-0 split, listobs fixplanets, cvel P
viewer
T*mﬁ?@“ﬁﬂ?ﬁ l
F=h14TH1
NRAO, NAOJ, ESO
fits7 7 A LR BRERT 7N
| —RNBHZBANRT— 5 ORATER exportfits
BXKALETHERSE
SHAFIHR
REY DT

¥y Ial-vay

6 AMFLIZBIT S ALMA 7— 2 WUHO 7o+ 2

3. TR ok A LNy FULEE L

AWETIE, BREFry ) T —va VBT — 2 OBRENMNT OO0, T— 2T a8 2Dy FiL
AL S E VORI EZMRET U2, ALMAIZBII 5T — XM O T o A% K 6123 U7z, BB
BEITE, ALMA A Xy 7012 X DR, BRI Nz fits Fa—T7 7 7 A ADRMEINSE. VWolTS, Fr
T—vavT—ROBEIZIFET—Z (ASDM) 7 7 1 uh 5 fits 7 7 A VDR E TERTIL—Y =07
SMENHL. ASDM 7 7 A IVIEERR IO X N ThH S fits 77 1V EIRTERELREV. #fle LT, K
EZ2Fv VIV =R UTHVWTWET—2D5 5, ID OIEN 2013 &b F—X 05 ASDM & fits D&
ENd tar 77 A IVORE - HEZHRD L, TNEN 2.1 TB(439 ) B XU 222 GB(116 ) THH, %
BTIEE 10:1 THoTz. BIFHAZ Y 7 M fits 7 7 A IVIZAME TV S 7280, REF5ETIE ASDM, fits
WIEZToa—RTE2BERD L. RIEEIHROT—2H 2\, @EORZEHT—2 %2 =77
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O—FIZHRTIEDDICRBEDA N —VERBELT 5L 525, T—XWMITITE R T—XONA
WELY 7 b =7 CASA(Common Astronomy Software Application) %W TW3%. CASA & Linux £ L
i Mac ETCOAEEL, Windows iZ¥ R — I N, KK TIET — X WHIZ Linux 55 27 A
ZHVWTWS (& 1).

RTVEAPT, BHEIV VRS L2ETLIORFY )TV —2ary7uneAThHd. Fr V7L —va
VI T — 2 IS O Python 227 ) 7 MEPHEINTE Y, CASA ETIHTHT (execfile X A
7)) ZETEHET S, MWHITRET—RDAZY) T MZIEIZEGFTH I TNy FUENAETH S, AL
LUT, HECEET XY ) 7L =Y a v A7 Y T RRHIHL, FY YTV —Ya VRIZERINE T 7 A
WEREZIHT 24TV av0ilidk*X, ASDM 22V T D7 7 A VBOARESERFERT 177 Vi
AIAAIZE DT T — 2T 27-DDNHEToTWS, Fy )TV —2a v A7) T hOETHEAE DI
{, TEIFHTT—T CASA HEWEILT 5720, KU THUBEEBEELRVWE S, BRIV T
FRoFr )T L—varv A2 S hEFTHLTWS.

FyYVITU—vavAs ) 7T MEFRBPERIIBOT L7 M) ORBEEFRRIEEI LT, ETHERD
MEEZAT> T, FEETRHE 7 7 A VERBOBBRIZOWTIIERIRT 5.

I nzF v ) TV — a3 VT — & (ms.split.cal TER) ERIKRS KO, F72 2 B e EL % KD 206
DF ¥ VX IVEETH 5 Spectral window(spw) (Z43E] 92 (split XA 7). WA TR A7 TNTWD
LENH B0, YA ENTUHE (unflag, plotms X A7) %475, BUHIABBIIRI LR RAED Ry 7
T=V T MIADLETHEINT VDD, F¥Y IV TL—yarvRERDORy 75— 7 hOMIEEITS (cvel
RAT)., FHZRED D FHEROFEEBIZBE W TEHE R THEATH SN, A7 H ¥ AIARFENER S TIHIER
FEOHEE 0 MEL, SHOEELZRETHS. CLEAN Yotz & b, 2R5C - 3 RTHENHF 2 —
THRER (A A=YV D) 95, A70AIHEENETT 2L FRINIMTEOHREZIEET 2HEIDH S
N, KEGRAREDGEITIZBITHERER DR > T WD), ITNENY FUHERAEETH S, 1 A=V
WWEDERINZFa—T 77 VOANERED B2, 74y 7y ZAIGEGRY Y TREART (L
2T 5. pug WRADHEHKE < v 7%, CASA OF — X AU Z A2 (viewer X A7) ZFHWT /Ny F4E
S5, AR NVEEROERFHZIE, o 7z A RKOLEEIR % F5E U CTREEB-RE (Jy/beam) @ 2 7715
LOTFAMNT—=REAEFLZOE (imval & A7), Python ®AFET 1 7F VY matplotlib T png 7 7 1
WEAERL TS, AXT MVHOFZ K 41277, AR EER ) 7R 2 A —N— L1925 2 & THiERE
VRN TT WS,

Fa—T77714IE CASA DA THEMAAAAETH 5728, ds9 ¥ aplpy & Vo 2HDKRILET — KA
HY 707 - 5477V TOMADEZDIZ, X2 =77 74V % fits BRICTEWT 5 (exportfits X A
7). fits 77 ANIEEAMET VN Ty PEUTHA ML =JVIZERML, TEEZED 5.

ALMA k0 &xorvu— R - I N7 — X OEARNEEZ LI TIZ/RT. Project code D FIZ, Science
goal, Group, Member O% ID HIZBEENEE I N 5. & DD Project code HIZHEED science goal H*
BEINDHIZIE, THEND science goal L FIZHED ID 2K OMBENEERINS.

This document is provided by JAXA.



FHEAERITRIGE BB 27

FAMRE2: FAMRIZD -
1GbE NAS SASAhL—3
HDDTI> 70— BRAT AT S HDDT> 70—
- SATA Ssb “r-
__ <5 (09) HDD 10 TB
A 12 Gbps x4
: 1 Gbps TH—R—F g »| SAS s SAS > .
LAN pClE | RADA—E
(48 TRAIDO) |«——» NIC (84 TRAID5+0)

7 AETHWTWE Y AT LADTOY 7 RAT 7T L.

/Project code

[ ’ /Member ID
/calibrated £ S 7 /ms.split.cal &I NS

/calibration

/product

Jraw ASDM 7 7 1 LB = h Tl ‘

/script ¥ v U 7L —va v Az ) T ERlEhTwS ‘
SIBERRE WS mAHA OB LI, WEZRO

AW TlX, ’Project code.Member ID. X{A#.spw.
T7AN, T4V 7 MIERERLTVS. MIEREILX 60 split M DABRIZX ST 5.

4. BET — 2 OWEEL L, RN LB S E AL D HY D A

4.1 ZBEE TN (0 BT AT & A T L DB & R

F1 AFEIZHNTVWSEIHEES LU L — YOk

Bag (AR

e Precision T7500 (Dell #1:%4)

CPU Xeon 5690 (6 37 12 AL v ¥, BABIEAMI 3.73 GHz) 2 34K
Fv 7Ty b Intel 5520

RAM DDR3 1333MHz Bi#Ej ECC Registered 96 GB (4 GB x 8 + 16 GB x 4)

250 GB VU v RAF—hRFJ47, SATA 6 Gbps #i

(0N Ubuntu Linux 16.04 LTS
SAS RAID #7— R ASR8885Q(Adaptec #:8), WAt 8 K— 1, PCL-Exp. 3.0 x8 ¥
HDD 7 — A ARC-4038(areca t18), SATA 8 X, 48 Gbps SAS #ft, SAS TF 280 X —#&#k

VATFLAT A AT

AIFETIE, HAZREOREDS A v H —_A BB X, EARRA - FARERME <y T8, ©25—
SWRERBPIT -V THB. ZD7=dItl, mROBHT—2BEFEODXA XV E2EL, REEDT —hA
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7T = RDBENGIENDBBETH D, ZDdD, RERDAM—IUNTATLAIROONDEMD Y T
ZET OGNS, 510, T—XOMINIHIETESZ AT —5 ) 71, fitEENE, FEEOANEZ~DK
&, U CEBEERHE TR 5NS.

KEBEA ML =YL LT 2017 FEBAET RN TH % D% Network Attached Storage(NAS) TH 5. 2-8
BOWIERT + AZIZMA, USB % eSATA Z HW/HLRICE N ISABETH D, £/, 2y NT—22A L THE
WOGEMD» S DORIRT 7 2 ADVARETH 5. LU A CTIEEELH L TH Y, ML 1 Gbps IZH
¥ 5. 10 Gbps Ethernet 225 NAS 3% & ETH D, 2 NI =7 2K 2 HMEKT S I A ML 5.
Wi SATA A— b+ Z2HWTY 7 b =7 RAID 256121k, % HDD & 6 Gbps THEH#fLTZ 272 0HE
TIHBLIMEDNH 55, SATA K— b & HDD X1 OEPEED ERZHROTLUES 2 &, FHEEY 7L -2
MG URWZ A MEE 5. N"—F7 =7 RAID B2 EBH L2 —NT 1 A7 75— A3E8E#HY 7L —
KIS TE BN, BEE L A7 —F ) F 4 128\WT4 5. Thunderbolt 3 KIZIELAZN—=RTF 1 A
2 — A ZEEHTTERATH Y, T4V —F o — I X BHREES HEH 2%, Linux BETHOICTF A b &
NE-FIEROP SR o7z, TUSFHET 2K e DRI D > 2, AHZE Tl Serial Attached SCSI
(SAS) BEfEIZ L2 A ML —YORFEARFE L7z, SAS X7 —7)V 1 RH72H 12 Gbps O EEEEGHE (X5
ICHERABTEBETES) &, TAY—Fz—r - N5 LIVERIC L BRI 2 R OHKTH 5. N—F
7 =7 RAID e 2 o 2R A — R 2 VWA Z & T, #EEOY TV -2 b5 d 5. WolEXd, B
DFHERED S O @I IS LR WEDT A Y v b TH S.

AFETHOVTWBYATFLADT O Y 7 RA T 7552 TIZRT. AFETIE, ATBE S LT 1 Gbps #
BeD NASHIU Ay b —2 2 L=y (M THOTF A MREE 1) 2EBHEEL, 7— X WHE 70 2ZDRFER
T=HNATTF=RZDRT VY Y VOMHEREIT, MAD XS BREBET —Z 0L GEND Z L 2HERLI-.
ZTOHT, Fr V)V TL—varvBllT-ROBENKREL, BEROA ML =JIZTF—RE2HHMEE 2 REIRK
EVWZk, ZTUTT— X AIIHEIZ NAS LRt EBEM O 7 — XA ED 1 Gbps O ERRMEICIE Y T wn
5728, AREIEE OEEEE P LED R NV Ry 22> TWwWbd e RonzZ ens, SAS 2 AW E# -
RERA PV —VOME (KM THOHFA ML —) Z2RE- EiL 7z, AREERSTIE, 10 TBOZY X —
TI4 XA N—=RT 1+ 227 8 5T RAID5+0(RAIDS DA b T4 ¥ ) %45, 48 Gbps TRIAME & Bl
LTWs., ENAEEIXSS4A4TB THE. RARLV—=VIESAS A ML —VDMHEEMZREMLE L TEALZEDT
HY, IEWVFRIZURSI DTy 70—V vy 2EATFETHS.

SAS A MU — Y DIEREE DKL LT, hdparm I Y RZAW, 3O -7 v v )L Y — N Tiigik
U782 10 [EHHIL, Pyl & iR 24 2 31 U 72, $550% 1309.6+7.7 MB/s T b, 1 Gbps LAN ®
PG EOREHE D 10 f5FEE 2 EBRTE 2. HEFEEREZ H WY > TWRWRHTH b, 5% RAIDS %14
T BT 4 AZBOBINZ X B EEDOH LRI TE 5.

4.2 Ef75#E L v — LRIR

2017 45 A~6 Az, BEED Band 6 A EORHEFEART —XOF ¥ ) T L —va VLA RTIE5
ZEMTER. M, WEREZHRELEZFY ) T —ya VOFRERM (a) L Xy ) 7L —Ya v OFEST
% (ASDM 7 — X &8 /LTI (b) 2R T, ArERMIEK 22 ASDM AR & AL TW5B Z &35 H
%. (b) DEFMRIIT — XL BERNKEL, EROE—2 200, BB EHIT2 - 9 MB/s O#ifFI
INFEB. ZZ056, FEOIVEKRRT — X QMBI RERKFZ REE 2HXHETH . X1 X Vi
INTVDET =X ERDOWUBIZED T4 VY —RAEHHBABETH D, RUFAOKRT — XA RIT 114.3 TB
Thd. 55 90% % ASDM 7 7 AV &, EffShRE2EERLFASD ~5 MB/s EIKET DL, v TL—
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12000 (@) (b)
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S =1
@ ] 2
g 4000 e

E 4 41
o

o e
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. : o0, 2
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0+ T T T T 0
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M8 (a) ¥v VU7 L—va VATERMB () © ASDM 7 7 1 VAR (#) OMGR (b) F— X WHLL)
ROLANTT L, 2-9 MB/s IZEPEHRLTWS.

Ya vBIZET AT URA LI, BROVATFALAT ~266 HE 5.

HMEREDOY A 2NV 1IUBEOF Y ) T = a v EBOTF—REY A7V 0DT—RD L, spw=0 DAIZ
split, CLEAN B 217\, ¥ —ARREZFANZFEREZK 9ITRT. (a) B —LARLORT Z2RY. BER
DHERIL 2223 BRETH DD, T—ROEZIHERUTOE—LREZFEOI LS, ZEH S MERID
AR RT VY Y VE/FOT—EBNE NI ehbh b, (b) FmER (1EE/EL) THhYH, ERREWFEY
C—LAWRETHE I %2ERT. vy EVZEARKICIIE —ARHBISENZ 2RO S5 HY, KRl
=1:227%% 0.5 2R B REREREODT—XEL\\. ARTHEK- 727 — ZWBH T4, RS HIC
DD FORHERPRIRAMG L Vo Y EZEHT 5 Z 212450, BHEE I — NMICZEH Y — L8R
WMBDOFEENEETH S, THIFARE —L2NETE SR —FHNEREITIIRVTFAY Y b TH 5. (c)(d)
FENFNEERMEER L C—LAREDM, HERL Y- AEUOKMERZ 70y bUK. (c) X1 2825
CHETEDOEMAERRINTWET —RehD. HETAEBRADZT—XRHBN, ZNEHFI1 7010 —
A ZfFbNHDTH Y, BERULIZE D HATHS., FHFHICREORMEL LT, —EMEIZEMR 57
W 43 4 % BUAS T & 72\ Resolving out & WO BRAE T 5N 5. RICEAEZEEMTOBKRSEHETHD, &
EREOBNRIZ Z DB L2275 Z 2B PHINS. ALMA OBE1T1%, %Mo #EE & Resolving out 3
BHEDIIEZNY MIZBWTHAIIZ LI0BETH D 4, HEEICE W TIX 0.2 RREN A DZEMHi#
BEL 7250, BURTIREYT2EEMAMMED T — X EEENTOVR. (d) 251X, &I E%ER o e
F=Z BRI NB I TVBEZ 00, BELGORBEBPEROARENE 2R L TV, KEPKEKEK
BEIBEHED XA LAT =AW N, FAEDT — X DM X N TR RO B OB LH %
LA ONLHREMLND S.

4.3 FEA ML —=VEBE AL DEF ¥ ) TV — Y 3 VL EHAL O RGEE

SAS A ML —VOEANZLZEHEMOBEED 72D, HA ML= (M7 T7 X MREBE2]) £ SAS X b
V=Y TOXFy ) 7T —a VIOEFEFRBOKEZTo7-. F¥y ) TL—vavillly—2& LT, K
BOF—x %5, MBRETIRTO2F v ) TL—ya VllBz2%ET L TW5, EEGHBEORA LTS
57 %M 101253, FEGHEIRET —XIZBEWTT A MEREE 2 2 AT 19-36% 12, @fke LT 32% 1256
MLz, F¥ VT —2avBlilly—RiE—2—22 8+ GB LEXTHY, £2Fv ) T L —2avEol
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(a) (b)
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. Vas L IS
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.
2015-04 4
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o
o1

M9 AA—YY I BOWERT — RN SEELE, E—ARREBERHERONK. (a) E—L0E
WD FWHM (b) ¥— ADRFR (c) MERGERE ¥ —AELOE (d) E—2ABUOKE & LT RS
DR

NTF—=REFTLET—REDREVZD, MFEEOBEEER R NIV R Y IR TV DRI N, —
J5, WELEE ORIMEIEY — 7 Y vy L) — REEDIIF CEIN TR\ 280, BURTIZ CPU % X E VHEEH
RV xrworEZONS.

4.4 WHFFTIZ LB F ¥ ) T — a VU E#EAb

HIEiDA L —VEHEAIZE EHE, EEOXvy VTV —ya VB T aw AU & 5 & ICELD
A72. WFIMIIZ L Python @ multiprocessing €YV a— L& ffiv, F¥ VI L —Ya v A2 ) eSS
THYRALUTEGTHILICEDFELALS. WHETTZ o 250, 12 H0YE CPU a3 78I L
T10 TutL R & U, FEFHEFHEMIZ 10523857, A1 VAEY - FyvyaX®) OFERPER,
BRI D A —N—~y NEFEIZ LD RTFHRMET T PHEINS. 22T, ¥y VT Lb—varvary s
b DEFTHERI A S WFUL DS RIE 2 LML 7=, ¥ 2V T ut 2EFRIZ, Fifie AEcEROF Yy ) 7
L—=>a v A7) T hEEGEETL, 120220 7 NOFEFTRMEZNILZ. < )VF 7o RETRIX, ¥
10 DT BEADREFTIND L SIZLARNS, TNZTNOFEFRHZFHILZ. V7N, SVFTatR
TNENORETHRMEIL 45146 B X T 61559 HTH D, YL F FRELARHIIERTOAZ VY 7 CEITR
NEL o7, WHATOEAZ Y FMEFREOBEA LS Z I 72K 101239, £A 27V 7 N TOEITRM
DI (FVF TR /v TNV TaR) 1F1.34 THYH, BERAEX0.16 Tho7z. 10 D 7B XA %MK
KT TE5EOFHMBETIE, Fr VTV —ar0FEFRReE 7.4 465 (13.4%) C@ELT R e N TE

*5 https://docs.python.jp/3/library /multiprocessing.html
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NAS

SAS

0 50000 100000 150000 200000 250000

(<- faster) Time for calibration [s]
10 (a) 1 GbE-NAS - SAS i 2R T ATOEF ¥ Y T L —¥ 3 VIRHOHEK. SAS Y AT AT
NAS ¥ 2T LT AR THIEIFHEA 19-36% [2HfE L TWnwb. (b) F¥ VU TL—vav A7) SOy v
N7aw ZEFREVF T X (10 TuvR) EFROLERBOLE. A —N—~y FiZXD
TIVFTOXATREZERAZ ) 7 N OMBEEFB Y V7V Tav AR LU TEL RoTW5D, TOHIE
1.344+0.16 (5128 E>THB Y, b—=ZL TR T7TABOEEILEL>TWVWS.

4.2 HiCHEBE L 72 21 2 DM 265 HTH - 7245, Thas35 HE TRME e 2 Lizn s,

4.5 515D R

AW TR S NB ST — X DRIALD =0, BROMEL N —T Db LW, 2492y 7 F—2D
HEREETHS. EAACRKE, 21Ky, EERRE, #AREL FEZLICH%D S 225 1 B
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MOST and ASTAA (Taiwan), and KASI (Republic of Korea), in cooperation with the Republic of
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Development of Automatic Extraction and Summarization System for
Hot spots in Spatio-Temporal Data

Rie HONDA™ and Ryo HAYASHI™'

Abstract

"The hot spots" which have the values unlike ones in the neighborhood often appear in the
spatio-temporal data set in the field of space and planetary sciences. Method of automatic extraction of
such hotspots as objects from the spatio-temporal data by using mixture distribution of multivariate
normal distributions are described, which aims to understand changing patterns such as co-occurrence or
temporal rules among the hot spots and to predict them. This paper also introduces the example system
in which hotspots are extracted from meteorological satellite imagery. Plans for future work are also
discussed based on the problem that became clear through this study example.

Keywords: spatio-temporal data, hot spot, object extraction, pattern discovery, mixture distribution
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Investigation of Orbit Parameters to Classify the Deep
Moonquake Sources

Kodai Kato™', Ryuhei Yamada, Yukio Yamamoto >, Masaharu Hirota *,
Shohei Yokoyama™ and Hiroshi Ishikawa"'

Abstract
In this paper, we evaluate features based on time of occurrence of deep moonquakes different from the waveforms
to classify seismic sources. Classification of the sources of the deep moonquakes is an important issue for
analyzing the focal mechanisms and the lunar deep structures. Previous researches found that deep moonquakes
which occur from the same source have similar waveforms. Some studies have been conducted to identify the
source of deep moonquake using the waveform similarities. However, classifying some deep moonquakes using
only the waveforms is difficult due to large noise and the small amplitude. If we could show that other features
different from the waveforms are effective for classification of deep moonquakes, we can increase the number of
classifiable moonquakes even if moonquakes include noise and small amplitude of the waveforms. Therefore, we
use other features to classify deep moonquakes (position and velocity relative to the Earth, Sun, Jupiter, and
Venus, as seen from the Moon). We apply these features to classify deep moonquakes that are not classified based
on only waveforms, and it is useful to analyze the deep moonquake occurrence mechanisms. Our experiments

showed that the position and velocity relation between the Moon and the Earth are effective for classification.
Key Words: Moonquake, Machine Learning, Random Forest
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Estimation of the Variation of Apparent Magnitude during the Earth
Swing-by of "Hayabusa2"

Akira MIURA™', Yukio Yamamoto™' and Makoto YOSHIKAWA ™

Abstract

On December 3, 2015, an Earth Swing-by operation of the asteroid explorer "Hayabusa2" was
performed. Several observatories successfully measured the brightness of "Hayabusa2". The variation of
the apparent magnitude of "Hayabusa2" measured during the swing-by is hard to explain using a simple
hypothesis based on the distances of the observatories and "Hayabusa2".

In this paper, apparent magnitude of "Hayabusa2" is estimated using modeling and rendering
techniques based on computer graphics. The method is found to be useful to roughly estimate the
variation of the magnitude, while more consideration is required to perform precise estimation.

Keywords: Hayabusa2, Earth swing-by, visualization, magnitude
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