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Feasibility Study of Quality Engineering for Trajectory Planning

Masayuki Ikeuchi, Yuji Kado

Abstract

This paper applies a new quality engineering tool based on Taguchi method to trajectory planning of non-cooperative

approach for active debris removal, and evaluates the results of 1296 (L36) or 2500 (L50) cases by changing parameters,

which comply with 7 inputs of products, 8 inputs of operations, and 10 outputs for evaluations. The results show the

feasibility of applying this quality engineering tool and some suggestions to ADR trajectory planning.

Key Words: Quality Engineering, Trajectory Planning , JIANT, SVA, Non-cooperative Approach, Active Debris Removal,

ADR

1. BMBIUOER

AFEo HAE, #ul i inE T¥E2 A LT,
FHIE BT OB IR T v 22 MET 52T
H5H. WM ME TPEEATHZ LICLD,
BESRET B OBGERE & & AT LD N A MER
AT S Z LT E 5.

B L FEIE, BIEERO DI 2 TR0
AERT A—ZDNTOE /NIRRT DL,
THVE TIXERMIERGE - RERGHICH S TE

—J, 7uv=r MREERERIC, BaRETE L
THLUEFTEZ LR L, v va EBMEEZ RSN
NS5, WYZRPNEFEIC XY, FHEHFHCE T
LZUAZIEE 7y hu—F 0 VICEBRT D 2
ERHIFFCTE B EE O, BLERTH OREIC,
SWE TR TEEZISAT S 2 28 E LT, MR,
ZOFED 277V IR E Y sA L Y,
BORERF O XX MR 8 ORI & AT

AREIE, MEEESLN-Y I 2L —a UiERE
2, ILWRE LFORRIZOWTRFZED,
BESRGHTE A L CE bz il sk st itk L OURE
BFHROA MR T 7' R 2OV THREFT 5.

2. RETFLFH UL O Y — VRS
Y —uiX, WETEHY —L(JIANT: JAXA Integrator
for ANalysis Tools) " & 5§24 A # L AT > — L (SVA

Spacecraft Visualization and Analysis tool) ® % & L 7=
HbDOEHANWTNA.

JAXA 224 AR MEHEEERS T i, TR — i
DRFE DS BN OMELFHZ T T A Y v
MZEFH LT T57200Y—LEZ0T kA
OWFFEZEED TS, JIANT (X, /1 ¥ T = — A%
WE S EIREARMICHOY — L EEATE, &*E
IRTA—=H NV AT KH 2 HREESLr N A MEZ
AL TE 20T, PUBEFHEFIBEO YR —Y A b
XEWREE LUSHT 22 2B 2

SVA &, FHHSOREOWIE, KREEBHEEL T,
LT Y — A TH D, Wikt HHEEERAET
LDV AT DB E 2 —F OERT HEHEWIE
REHNIL U CERTEDRENHD. 72, BRERIC
FORFRERIEMEm A 2 F 2 TR Y, BFERESD
FREBEETE D,

INBMSILTE 2 DDOY—E, HRTHEHA®ET
BESBREFTBEE N OFHT 5 Z 20T, ST,
ELEAVC A B R 2R O S CEER b o 72

UL, WEAEFESENE U 7= o iR R sk OkEH, X 27
WRTRRIS, BE 7 = — AR DR G E2EZ D L
SEN REWESEDLH LD B, SN AR AV
FikRAZE L LB O BRA LR Y, HAEY —v
DHIEFTEIZA R & 2 B BERH N > TE .

SR TR & BB F I OFA IIMEFEESRE Y, Rl
1%, Y=L ORRERS T B ZAORFHIE - TV 5.

doi: 10.20637/JAXA-RR-16-007/0001
"OSERE 28 4F 11 H 24 HE2 A+ (Received November 24, 2016)

T ZE RS B S e 4 - (S PEHENESE (Safety and Mission Assurance Department, Japan Aerospace Exploration Agency)

This document is provided by JAXA.



FH ML LS B TSR 2 B 8 s JAXA-RR-16-007

X 1

[ PLAN ]
: Em -
= Jx— 2L CE#T
B eSO =
#/0229220 N | ABTF =
(ol Tamzy — sV
Eﬁﬁm& | (v
B " .d-cﬂ_tw_\':_ﬂ_tw\ T—
{ cHECK ) oo ) @: (CSVHZE&} ¢
O FFe g — -
P e JIANT (S BT ) | | SVA (BhERRAT) |
SRS 25,

JIANT(SE T3 — V) & SVA[BLE T Y —/ W) Of S

o

. 8 rult i !
etz — BV, -
| : # j
H ; |
_ ,_£/\FA Fly Arcund) : 1. 2km
2 < 5

L EFEE

.
)

fl\"ﬁ ‘ﬁ :- :
- , & F
x=22 +| Som V-t 200b A
H
) Tar FA Fly Around)
i1 . %[\\
2z=X3

557 :

T —AD R AR
BT (R 3 ET057I<TH,
{FIEE - (R A TR AL
av, ERFFRIFE RN AZTE .

/

X 2 2 =al—ya rERETHE TOEED 7 = — XXV 0 /IJ7 02,

3. FEBAEEYIalL—YarvOBLEREHA

VI 2 b—va U TAXA R RSH PSR ©
EiL W5 EEETYV—2HA T 7V RED
e 2B D, 177V Gt g)cxt 3 2 8T
V3ialb—var) b L, MxEErEEICNE T
ZIGH L=,

FES, WUE EORIRICAN—ZF 7 BNEET 5
U R P Cilak S 4L, FEmmcT 7Y GEWD
xI52) % HEBR(ADR: Active Debris Removal) 3% — 514
ELT, TTURERENT 7 VIS L CHEEN
TH—EBSFTA—E Y b (BRE) IEHHZEN
HATWD Y. ARETI, 2 BB (ERHD 7 =
—RX2(Fy BV NBLOT = — X3 (V-bar #2505
MBEOHEE Vv IaL—Ta o e L.

This document is provided by JAXA.



FH A AT

77 VR, EHSEREC R 28 0 B
LN THD. FfFE LTUFERE L.

X 2 OEUEORAIRITG A 6N D ETD.
- BB FHIIX LR R E R LTS, [TH 20
JFK CHLUE RIS I T & W EA, BRE/IRIX
RGBT L LRV IIE & T 5.

R ECORRBEEAY LI AT LTS .
c WAT y TITBATT HBRHEAF ORI 2 E 95
~“ANA M= T, BREBENEET DR50
WA ECE=4 TELETHET S,

BACERAN E 72 B 8T A =R %K 1ITRT.
JIANT & SVA DA 7 = — AFKMETHE,
COEMICHEI L CESR L (31 AW, 5 EER
IIAEZARET, Y2l —3ia U iEBREPRTHE
EEFTLZELARETHD.

# 1A, ATIRTA=FDOSVIEEEFR LTZ.
WO 3T DAIIRT A—=HEREL, RIS
HRTYIalb—rar2ETLE . BREFET,

BE Il FCHRETDHIENTED.

# 1 MiloHI3uE A 25 TH 5.
HJEHLERIE R V), EREER (7), NEEEE
9 (L/6: AR EEEE] / [IBEARSE] ) 7e & TH B.

=]
JDD

i

SA St AL T
MoCEs BN

X 312, 5P (Product)y, [3E A O (Operation)
ELTRER LIEATIINNT A—X L3RG & D
Pl e

# 1 &X 3 1%, JIANT+SVA &Y — v E2FIHT 5
DA 2T == AFWTHY, vIalb—a v
DY AT LAREHIFEYS T 5. b oMERL, &E
T L PUERITOFME, I X O B O BAfRE 2
FHHEMERTE DGR ERD.

4. BEIZEFEY —ILVOEST

JIANT [ 3HE S S BRI ) B T & D HERE 2 2.
KEEREHENEIC S, R IR LT & HEMY
DEINT A—=HIZDONTSVAIZYI=2b—a D
FITEfR L, O 5 R ORRCMES
ERRATHZENTED.

X 412, JANT+SVAIC X DV = b—3 3 VT
Rpzord. TG & BEM 1220 T, YD
AET 5. 22T, EFEOSSOLEMIE T,
FRx GEH) 07 A—=FBuizshc LTS,
WP T T —NRAELZGAIE. MRE2 ERK TR
LR DOTERLT, TRy —AEETLT
EFETEDT—RTE2EZNETNHETE DL
L7

F1 WEYI=alL—yaro AN SRS EHOER
Al | #5 o BTV — I BE JEFTIE -
No- | pms | @ oA —%4 At $5A—% (3ET) il
(1 1] Axn | P [AIfEEE (GPSHE) URE 10, 20, 50 m
2| AR P [ HASIREFH sensor. FOV 8, 10, 20 deg
(B A1/ 5A—% 3| AA P | AAZHIBRE _ sensorError 0.02,0.035,0.05 [deg
S @”“ 7 < 4| Ah P | v-barkif o FiHEERARIRR vBarCtrlint 10, 30, 60 s
5| AR P [ 7547300 b 54 O H #AERIRIME | stopCtrlint 10, 30,60 Is
6| AR P [ 73475721 b ]t 5 iR R s faCtrlint 10, 30, 60 ks
\ 1| AAR P | M E T O H HER R catchCtrlint 5,10, 30 s
11 A# O | V-barkzif Bk BBk vBarStartPos 200, 300, 400 m
2| AA O | V-barBsifiskE vBarVel 0.5, 06,0.7 m
3| AH O | V-barkkifi$E 7 HaRE faStartPos 30, 40,50 m
GERALATA—5 4] AR O | 754730 A E GRITAE) faAngle 60, 70, 80 deg
8fE 5| AHB O |[1EDFREVEDTRES hopLength 100, 120, 140 m
6] AR O |FuEvIgX(ES) Ok hoplLengthRate 0.8,09,1.0
71 AR O | 77T N B AR faVel 0.2,0.25,0.3 deg/s
\ 8| AH O |HEME~OHBEEE catchVel 02,04,08 m/s
11 HA wAVE dvTotal m/'s
2| A B2PAVE (X) dvTotalX m/s
3| WA BRBAVE (Y) dvTotalY m/s
4| WH Ba2OAVE @) dvTotalZ m/s
HANNFTA—F | 5| HA {BRERE oprTime s
10{8 6| HA RS R totalStbyTime s
7] HAH HEAVE dvStbyTotal m/s
8| HA LS DZEMBLEHE LD
9| HA GIEisdo] totalLinkTime s
10| HH £ R PR B R totalObsTime s

This document is provided by JAXA.




FHTAL 22 L BR FE AR AT 2 BR iy

ANNSA—=5: T8RP, EEALO

JAXA-RR-16-007

AYEL T EITILE |

R

I

NEMAJo
; ® AVRvEYY
: — AV V-bar ¥&58
o AR~ O
Tar FA (Fly Around) :
plins £
2z—X 30m V-bari®if eoo:k.\/ r@ﬂj P
: BINIFRE GPSIZE
— ABIEE HAT
| v-bertiis | HIEERIRINR V-barkEs
= s HIEEERE SRR 774770 154
V-b g
[V-barfgiie 7 58 | RS RARARE 7517790 B
| 75475994 sk | B TS
|7547594 Rf7RE | TERJO0 8
X 3 AJpo8Tx—% 85 P, EA] O LHLEDORG
L T lnlx
AL P HERT g Tma
Wi WEhR TR [oilsa]
o0 O

IZ-lEhTam
TR L TRILT

FAv— LM,
147— A1 S5 x250047— A= {4 2R

X 4 JIANT+SVA 2 L5 TG & GEH] oRY47-0F

FEBREHEEIL, £ 1 CIRTFGRETHHE,
L36 (L50) EARFK A2 5. HREBIE L36 TIRMHT
B =36x36=1296 [E], PTERFH] =1296 43 (K) 22
Refid; 1 43/77— &), L50 TiX, fEMTEEL =2500 [,

G

B =% 42 R 72 5 72, 2500 &7 — A & IEH# 1T
KTLIEZEE2 LT, RIA—ZOEIZHT S
BERED B XA MMAEZEIR LTI Z L1272 5.

L50 HAARIZ L D 2500 M2 2 = L—3 3 VO,

This document is provided by JAXA.



FHRAE AT SGE BT

148 th= T —AE L, £ 1 O ERE)H OFIHE
HEI BN  (catchCtrlint) 30 P OBRIZ 76%, @ik )E
(catchVel) 0.8m/s DFERIC 53% H DT T — N L7z,
T 7 —FERITIATMEOHMAEE o720, HoHEE
BELXHGEEVBESHEDPOR L2 D ET IV
Lo TWT, AR MEICERERH Y, NTEK
LB LB LN,

CPU 31 >/ (R) Xeon(R) E3-1281 v3 't v
Y (77> Fa7T 3.7GHz,8MB ¥ v v ¥ =2)ThH D
2500 & — A DFRHT & T DOFEROWBIL, ANJ1TIE
fHEICIERE LN VWRETH D

5. JIANT+SVA #£Ev a2l —va v
I al—Ta rOfEENS, v 7 u R uE
BHIATHO ZENRA[REE 2 D

F2lzvIal—aroFatRAERT.

#£2 vIal—iarnraotR
(D) HAOFHEEE 2R ET 5.
- BUBESIEE ), EHER (DEFTMmT5.
Q) 72— AEHELCyIalb—rarT5.
s Tx—X 2 ARyvrr T,
T =X 3 g PR
3) WITLTT7 =—REHE7T 5.
7 x—RX 2+30GHEL) BRI
4) fREG OHFHEHERT 5.
< BAARTE LTS A DAMER & ERIR.
(5) WhEFHE & U CHIN LE T
< B LR B EUEFHEN AR UET

F£ 2ITBITHFHIOEEAITROMEY ThHH
s B2 SN EERE A g XA AR FEMET 5.
AEEYIHME D D O R EIIE O PRIE TILR 0.

# 21> T, JIANT % T SVA 71 &% e
LTUSA«M7%ikwt.%Ui,m%:ﬁ%
Wi 7, Bl : AV ETHY, 1 r—R&2 1 8L15
fREAZRL TN D.

X 5%, 7=2—RX 20Ky BT ORELSTHY,
BRI 7 B ST H 5. AR R B AL T
BALT DM, AV EITZHED LR,

B 6 D7 =—X3DOMREGHHERNTHS.

K 6 TikAV #&IFRE < L7223, mARERIX
AT, 2L LB, K 5 TIEZE O OMmN
L7poTWn D

Dtt, X 6 #fREAS A EMERZ LIZT 5.

K5 7x—X20Kky b 2)OMRES
AV =0.33~0.45 m/s (ZZ{LE: 0.12 m/s)
T=4.02~7.26 h (Z21t1iE: 3.24 h)

K6 7x—X3DLDMES
AV =4.23~7.72 m/s (Z/LIE: 3.49 m/s)
T=7.99~8.07 h (Z1{LiliE: 0.08 h)

K 7137 =—X 243 OfFELTH Y, K 6 Otk
BEME LI A — L TRLTWA.

Wy, HEZEMARRE <l6hQF—2 137 T
), AV & <Sm/s # L LTV Ialb—vayr
LC, EMAREICEG T D ES AdVmin = 4.73m/s
DY) (La) & & 2T,

L, fiPHANOIRES LR T 5 & AV &2
FEHTIUTMES A D LIC, KiEZRFEESBRH D
ZEMGM, HES B Tl AVmin = 2.56m/s HiLIE
M CcE D AalREMEZ R L Q.

fitEA A L BIZHMBRZRDELGTHD. Zhb
OBMIFEEIER LTIV, EREbELEH0
OB E RIS DU BN H DDA D .

BHAEEL 757001, ES A DHRRBN

L. AT LDY Y — AL TIUX AV &
EREMELTAHMES B 2 RIRTHZ LU THS.

This document is provided by JAXA.



FHITZE IR BRFS BRI S0 B s e JAXA-RR-16-007

72x—2X2,3—%)L

X7 7x—X 2~3 %L HES

6. FEROFAM
6.1 AV B LEFRERE T O

=315, M5~ KT1ToREELEDT.

BB FHE A~ WE T5Y — L OIS FTREME & LT
B HNTFERIZOWTEHMET 5.

#F3 WLEYI 2 L— g VRO

STl Tx—RX2 | 7=—X3 7T rx—R
iﬁi? B B 243

2 (Hopping) (CUEED) SN
AV & | 033~0.45 | 423~7.72 | B:2.56~4.50
(m/s) [3.75] [2.21] A:4.73~8.34
FEfH 4.02~7.26 | 7.99~8.07 A:14.5~
T (h) [2.24] [100.87] B:19.5

AV (7 == R 2)+ AV (7 =— R 3) =4.56~8.17m/s.

T(7=—A2)+T(7=—X3)=12.01~1533h.

[1 AIEE L0 SN IEFHY. /hESnE X o
REWEZELTWAHERAZTRITIHTHD.
%1 : [100.87] = 8.07/(8.07-7.99)

O fR LT 7 = — XD EREGEEG O T fer:
WE TP EIGHT D) 2T, 7=2—X2 & 3 OFER
NEPAEAEERDINIEETHD. £ 3 T,
BERGEIET 7IZIERAL LTV DR, BRI AR AT
LT W SRRFHEZ IR T 207 = — XD XY)
D 5% RIEAIXAREIC 22 500D L7z,
BRER T, 7 = — XOFRERZEGR T 27290127 =
— X2 &3 &I, BEOMMILT = — X 243
WHECHHMET 2 Z RN HEUTHD L EZD.

OEFHE OFEAE (Y Y —R)
fREEL A EBOEWEBIEGE & U CHIRLUE L,
TOENE S 2 DR 2R Uiz, BN, 5k

EHAICH -7, K 2 &K 3 OBLERZ T 2B IX
HHGEH T TP CERVWOT, £ 1 THAELT
T LT T A= bRl L=, it ary
b IEHRM SN 2137 Th 5.

X Sz LEOBEEIH LR, K 7132527267
AV &7 DAL U TR AN 534 LTz,
fRES A, B T AV ®IFZALT 2 B EAREILE 9
B\, ERILIT 747 7 v REthm &
HERTORER OF 2, 1 FIE—EITR D RE
& D x T BUBRRHT O RN IR SRR D,
REME LT 7V OREENFK & oo Tz
[ 8 a) IZMFEEA A DILERFF AV %, b) ICREES
B ONEREFAV o3 d. 794770 NEHE
T EZER) 30m TR T 2 56 3R R E A
REWVD, V-bar ECHRHEICET HERFE AV &
IR =0 O DREEIRE I NS WO T, i B S
A X VRES B O NEETHYTHD & L.

ToAT IO BONBFRRFAY

a) 7747 7 Uy FRICAEREZ LIZEE

oy

V-ba T DT B REFA

b) V-bar L THLEMRF A2 LG E
B 8 frEfREFD AV BFERAE

6.2 BUNCREESHLEREICE X 58

#31E, 72— R 2DE vy THEE S VEZ
TH AV EORE IR <, &R XB0LE E BT AL T
BT HZ L aRm LTz, Ry o a2 o T
INERHRE TS L, Ry B E S)IC L 5T
WAV ENRED. 5L, ZORPMIL AV BICKE
I RICHLE T APIEEZRRDLZ L&D, fHxt
BINREE DR WHLUEZRETE 5D THD.

ZOMWENS, my U7X, kR OMERE -
LENRIFRORIE)HEE ISV TR Y, MROMRIER
AR S 2 R T & D A S TRy v
VTR AR TR WD E N0 D.

X 912 Z ORREMATHINRT. 7 =—X 2 LIk

This document is provided by JAXA.



TR BT

X, RERAMIEND, WIRE LRI L -tk

ICBATCED LT HHTHL. Ry 7o

WA V-bar 7> 5 & < Bkaa Txig a2 K & 720 (iaxt

i) CRUAIS 2 8UEIZ 95 & RIA IR E S B3 D,
Z OFEFIFREUT L 0 R L7,

0 =dh / tanp —h do/ sin *p
O ¢ AR RS B

dh . FEXHEEHEEREE, o @ XIEUA
h o FERTEE, do o WIAREE

T

+am

=

1o 1200 1o 1000, 0. o 00 w00 0 4o 50 00 5. 4 .nm
w0

a) 10[8]/1km, AV=0.5195 m/s, L/6 non-controlled
S - 0 FERT, 1200m3, 100m3F TR,

! ¥ | ¥ ! ! ! 1 2

[

urx 1200 ito 000, - 0 o 00 0 4do 3w 200 "o 4 .wm
w0

b) glol/1km, av=0.5195 m/s, L/& > 20 Controlled

BRGS0, FOEFEEE FEE2s” ). .

| T t o

I > — 1 ®

ik = 1300 Il:h IW 000 m W 0 m 6 l:ﬁ 0 IN < ?m
=
0
REREE=770 et
LAF gy —um 00

1300 1200 II-QO ID;)O 900 l-l) M I& SN m !l:ﬂ 200 lb-ﬂ d- !

) 7[0l/1km, 2¥=0.5195 m/s, L/5 > 20 Controlled
BHEYS - 0, RAMARE.

9 Wy T OMNE (77 Y BRERZEE)

ARy B VD E T AT TR & IR
ZOFAH U7 AR R - REMEE I TE 5720,

Fhr— MRS, V-Bar IR T Ehds.
T T KRG E TR T 558, -
—F, IO TE R T B .

| TG T2y. o

0.0

2A e i Ny |
A OCES BN

X ERE DS WL ERIC RS,

JIANT (T X 2 BREEf#AT OFE R, V-bar #2311 BH AR ERRAfE
200m, V-bar #2IT#& T BEHE 30m, & v B2 7@ LR
0.85 CAVREEZBOTIRNH D Z &30 >T
W5 . V-bar 20T BHAEFEEEIL N T A — HZ D KAE 400m
B L OICEEB L.

3R L7y, MBS S LT, ME LR
2B ASINIICHY T 2EE LTLYS #EFR L.

9 c)E, BIEHGEHNC X 2 WIREMIE L6, 73,
BEDEHNCS X BT Lds, % T EEEE 500m 43T
TEED X ICHIEFE LD THS.

V-bar BIFIAME =0 & 720, BIAMIETME 2 72 <
RBHDT, B o THSRE K REFEE CHRBI LT
FHAHRINL T & 2 48 & U CHExHERRfE S00m % 5l L 7-.

TR BRE LGS, BEFEICED D Z LN
AREL 72D, DF D, BETHLE ORI E OB A
ET D ENAREE R D,

6.3 i EEASPLEREICE 2 DR

10127 =2—X 3122V, ¥ NIZ7=—X 2
L3 OBEHEIZONT, i ERWfOY I 2L —va v
EROF ER LTz,

12D, 7=2—R2 & 3 @R CHRT 0
BHDZLEMHMND. £ 412, £30AVBELEA
RFfE T2 DWW CHLERIE O AR Z 7R~ LTz,

HEA N N ThHMERLGIE, H W LY
A LW E T 53RN, EARMICERETL L
ZSVADY I 2l —a UFERNR LTV,

3. HEHEREE .
(KRN1 24 w]iH)

1. V-Bar #5155
(Phase3 85 »

2. FSLT IR
a2 T EIFRLZ V-Bar ##18.
ET. HELTSITI R

10 7=—X 3 OBERIET —7 A

This document is provided by JAXA.



FH ML LS B TSR 2 B 8 s JAXA-RR-16-007

L
-
4 . i

4

Fhr - 2MBS, V-Bar K B0 Hrig.
B 309 43k BV, 7L TSR

FE TG G ET FRMEMIE T 5. .

X 11 7 x=—X 243 OEEHIES — 4 v &

# 4 FBHUERIETO A4 VRS ETRR T

o AV [m/s] EREET (5]
LE L 71-3'2+3 | 71-2'3 | 71-22+3 | 71-R73
= 0.376 0.000 829 N/A
V-barfEif 1.037 1.094 5 7
FARFH# (V-bar L) 0.442 0.325 _ 309 0
774779 (FA) 0.418 0.748 5 5
HETFH 0.069 1.478 12 273
B 0.438 0.438] / 2|\ 3
&5t 2.780K  4.084 1162] \ 288

v-bariﬁ%fﬁraﬁémgu WESHEET D
AVEILF 1= (fREAB).
Ry E 5 B BEBE L V-bar i IR (LSRR T

6.4 HUHFIEOFME (7 = —ADXE]Y)

K 21772y a2 Lb— g CERFTZICBIT S
7 =2 — XX D RIF O ONTRHAT 5.

72— X% TOXYDL L0, MEER L
RHENWHIZLETHS.

WH) 72— 2L3ORGIV TRy THT L
L7, 27747 770 RBbsE LTl b
i, BRE LD RCHEETEZ0b Lvgu.

7z —RX 20X V-bar MK TETIZAEL, 20D
H B9 % St R OFRRIHALIE - LEMRE L 0 ik B 7 e &
LT, 7x=—X 3 OB LE22BHE % 15 2
FEETHZ RNy EERD.

Tx—RX 3 T7T7AT T U RBABRLE LT,
H A R & 72 3/ b= VX SR 2 5.
FEARCIE, EHFOHBNC LD 774 TR

B LT, RMENETIIHEE T HoBEL
FEICAT O 2L LB R D.

BRI R DI v v a VORI EEBET D &,
WEERTOHIW R, EITHTF Yy L PORME
LT, MERAAVZRTDLLETHD.

SFY, FEIX4.73m/s & LT, FEET 2.56m/s T
WS L. AV ORI A T &R Z A
HREEST DBROTHRICO RN BELEERD.

7.  JIANTHSVA &Y — NV OFE M & R
AFEY =M R0, WAV &, KR T 5
REIRT A= OFBEZER T, WL EEHO
TN A MEA SR L BLERFEIZRIE, Iyva o
VR ATTREIC T H 2 LN TE 5.

This document is provided by JAXA.



OERDBIERRNT & B2 RN SOT T a—F
BEFHENCSE LR E2ICH T 2 BIER S L.
 FREEA DO B AT E TRT & T, £8T
A—Z DRHEEZE T - R TE 2. (6.1 Fi)
WHNHEIN LT3 A — & 3AE W 0 )0 & e
LS teotz. B, 5 KT O 2 320 Lz V.
RT A —HEORE N EE )RR T & 7.
cBNRTA—FORBELHR LT, HUERKENRL
PROWIERE A BN D 2 E N TE . (6.2 H)
- R OBER 2RV A TERIZ, SVAICL Y L
R 2R L C, EEA N b AT DR
DEEEE MR L. (6.3 i)
A OZUMRERE LT, 72— RAGTIZonT
OFRE RS H NI, (6.4 H)

OMBERERET WV ERDBE D RFEIZ IR D 15
JIANT OF|fH %8 U CHERSINT-FHaEE LT
LIFR®H 5.

B ST A =2 (HINOBIMMREG 7270, 5T
HEARIRET A LR RO T, e 3L
SEBHT T —FRARRIC o Tz,

c RT A= ZEEILS BT, MENRBRREIT
ZET, TEREMHFOREE L) R THEER 72085k
AN R DO DITOFME] 2R 5 FH 0 235
L.
 FREEA DA & B2 D BGOSR A AL T& 5
DT, FOHMNEOKZER T & 72500
UL THRETTHZ ENTE .

- FIRFH I SN HMOFER &I LT, BT NAVER
DN —AREOREY S 2 TE 50T
NI BEROBGARRFFEDOAELNFESZ THS.
- FEATAE RSB ENE 2B TX, 20K
FERENPHNTE D, MRETIFANT—% (CSV
EX) CHATEADTEIFE Y 7 M2 LItk 5
HAHHBNLE L, BT 75 EOERNES T
5.

8. Fi¥

BLEFH B~ W TZOIGH AR Z 5 7201,
IS I 2 b— g VICRE LR FEAEA
Lz, E2ITRLEYIalb—varorakAs
LR O Y i LT 5.

- WLEHEE V), ERAKEE (DE Y Y—AL LT
FHEHLTC~Z |2 L7z,

- BB TR BT B 2 W GE T o0 5 8112 oW\ T
VIialb—va LV HREIZLE. FDH 2T,
U Y — 25t D IRREE MK 72 DRI, @Ol
FEHE % 84l C & 2 8UEGHE) 2~ LTz,

T x—AXeXYH T LIZKY, Ry BT Ok

N—= L B X HE DR R AR L.
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BRI 7RRNY 7 bU =T splot # W2 AXZ FLVRBERO wIREME

~ FHMET -7 a2 7 b (4)~

FE R, AR T, ST

Possibility of spectrum recognition using a sound-based data-plotting
program, splot.

~ Astronomical Data Sonification Project (4)~

Shin'ichiro UNO™, Sho SOTOYA™, Akira MIURA™

Abstract

Astronomical Data Sonification Project has been developed a sound-based data-plotting pro-
gram, splot, to construct data analysis environment for visually impaired. Now we developed a
sound-based user interface for spectral analysis tool named splot-for-xspec. Xspec is a widely
used software for spectral analysis developed by NASA HEASARC. Splot-for-xspec is a tool to
link xspec and splot. We also made a small survey in order to confirm the utility of the splot-
for-xspec system, and we showed the possibility that one can recognize a spectrum without

visual information. We are aiming to sonify the entire data analysis process.

P

FHBET— L 7 e Y = 7 b, BIREEE D X SRS A, HRO T — 8 itz
LA T 2720, HF 7 78RNV 7 b7 27 splot % FAFEL T&E . ShELIE, A
7RIV T 4y TA YT REFRICL > TEIET 2515 splot-for-xspec Z 5 L 72, xspec 13, JA <
fEONTNWDT =X 7 b7 =7 T, NASA HEASARC 2B L7=H D TH 5 . splot-for-
xspec |T xspec & splot DEEEZITH Y — L & 72 % . 51T, Fi4 13 splot 35 & U splot-for-xspec
KD 7T THBDANEEMERT D720, IR E LT . ZORR, Bl 7 —%
PRl « AT MV T7 4w MO EDDFEL 2D 5 5 LB LNLMERDE LN . S%ITEN
ECEDIEROLTT —H N7 0 AREKEITZDEIICTHZENHETHD .
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1 BA
PR REE OGRS, B L0 REE LT —vDUEDTH 2. LHETIE STEM(Science Technology
Engineering and Mathematics) ZHEVWHEELHINTE D, EHEZFOHFICE W TH, STEM 77¥I2 ) 53
BN TETRS D, K STEM 478713, WEHERE7 £ %255 T U EE A7 L CHGHE < ¥ 2 i
%, Z D0 DB CEREIEMIE F 1, R4 2B THONT w3,

1.1 [EEEEDOXFRTH

FEICHS 2 W CRIEZFRT 2 2 L IFRERWEESES . HRREENIXELZRIRT 2 5% L LT,
1. A7 N A== Ry b 7)) vy = 2 HOTR EICEAY - 2o TFE TS Z LN TES
X9 TBHER, 2. HFERFEEOHZE Y T4 A 7L —7% &% Hw TR RIS 3 5k 23
WwWHoNTE .

L L, MRSy — v 2B T 2 i, TERICKREDS 20572 0, il b DBRBL D5 0 Evo i
b5, T, Ev T4 ATV —EOMILEMT, R TELMBOH., I5ICEY T4 AT L —I3HE
WO Z LS, HHDO R I A N0 2270 FED T Iy P 74— ETLOPHEITE 7
WE VO YD B .

1.2 BEREEEDBEHRMNARE

PHEFEEZEP =Y FlarEa—F 2zl s56, Erpik EFY 7 87 2720 Tw3580% 0
HRaA LY 7 b7 273 RICTFA T =Y ZarvEa—FIiFm I iEEr b-oTw 5

7, BRmA LT 7 2T IEIRA BT T =2 a v b EHRT A I EDTE, emacs HEDITT A
H A=), 727, =70 HPY, XFOMDIAEN pdf , FEHFECEHL EOFHA LTS5, WU X
IS, =N T 57D, avEa— Y Z2EMT 2 GAICHAE R av Yy P =2 F b, HEamA L
Y 728727 koTHOIENTES.

BE, ARV FI =S F AR ETRREDOU VBRNIBEBH 50, INo 2 TEHALT WS LI
MIDWRE I N5 700, MEHNEZ T X A MMz HEREEE A SERL CiRA LT S T0 2 580% v
F 70, B L R ESIEEICHROCEETI NS DG ZMEST R I ENTELHNH 5.

1.3 XBERXZDT—5 @i

X MR XERD T — % BN T 2546, GEOIG L 7207 — % DI, £ X — 2 LEMIRR 2 SRk 4 7
M X B 7 — 7 OHEESER, B OINEEB DT bbb, Hige T L LM, kML 7o 2%
119 DD 5.

CNSDMRZITIV 7 7271E, a9V R34V TDA VI —T7 2 —AELFERFIRD T T 7 4 hiz
AVI =T 2=A%FHFoTVBEIEDBLE . Z2DHH, ART MUVENTZ T 25481, RISHEXR S qdp, xspec
EWVIVY T E T EAGS.
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1.4 qdp

QDP (The Quick and Dandy Plotter) &, 7 X Y ##iZ225*#iJ5 (the National Aeronautics and Space
Administration: NASA) /& 3 )L ¥ —KIEEYBE Bl 7 — A 4 7WH9i+ » 4 — (The High Energy Astro-
physics Science Archive Research Center :HEASARC) 2 23BH%&, Bifi§2 77 7€ RV 7 b7 27 TH %
. TXAL 7 7 A NICEPNIT =8 ZRPARRN 277 71CERT D, —~KILE A 7T LEFT
2, BRSSP a Y PP R EBRRAETH S, a2y NI = F A6, A V¥ =575 14 7IHEET %
TEHTELL, —HOaARY NET— 2L 7 7ANERAAATT 7 72FRTHI LB TES.

1.5 xspec

xspec 1¥, NASA HEASARC 2305 - Wi § 5, AR MUV T4 T4 v TV —LThHs Y. XHFERX
PEICBIT B ARY BBTY — VDT 777 FAZ v =R Eko>TWw3. 2016 4E 6 HBIE, N—2a v
12.9.0n 23V Y —ZAINTW 3. xspec &, HBD 77 v F 74— LB INTE D, Linux,mac,windows
LETHEIXE DL ENTE S,

— RIS EEZ T 284, 2—F A v ¥ —7 2— A%, B3 T20D 74 v ook, Flintawy
FANEDLEDDT XA —=IF), IV LD, ART MVED YT 7 R ERERTE7 4 KT
H5. BIEZ BCTFAINY—IFNLDavry R4 vypsavy FEANTEI LTI N, —dHDE
A7 7ANVIEBRELTEWT, 774 VD 6fRz2aAAtr 2 E A TH 5. 72, xspec [FART b
W7 4y bRITHI DD =)L TH BH, WEE R IINE 70 7 7 4 L EET 2 THhrnTs ), 7
7 A b TlE qdp DERDIEE 4 E21TH) X HIXm>TWwD. £, V977977411, T 74V F
TlX qdp DR THRAEINS.

1.6 FEHMZEFT—YEELTOILT N

FHBAT -y W70y = 7 Md, HARAR: (BRI FEIIEE & FHii2emiob ek
FHBEAZEIT O 2 B F CTHEET 2 70 Y = 7 F ¢, FHRET — & 2 HEIOE S $TICiRICREH O
HHNEIUEASL I EZEBEL TR 5.

AK7uyzr M, TNETIKFHBY: T — 7 28 HLT 2 RETFEOBR 2170, XF OV —9 8N =2 |k
DF— 5 DEFHL) , HREEBSLORIER 7 Kp J8 £ OE{tA 77 (http: //handy .n-fukushi
ac.jp/pub/uno/music/, http://www.isas.jaxa.jp/home/showcase/music/). £7z, 70y =7 MI¥H
FT 774K 7 b splot DifE 21557267,

1.7 BEJVZ7FRRY 7 MUz splot

splot (%, FHBET =L 70 =7 F DB L7 7E5FHLY 727 =27 TH B 0,

splot (F—XJnkt A b 7'F LTOWT, x il Z2 [, y fili 2 R (B) i id¥ s 28T, 77 701
WMEZELTCERBETIEEZAL QL. @FED7 7770y by —)LERIL & 9 I splot (XIFE S L7258
Bl ENns 7= 2RET 2, 74 A7V 4 LICliRZERRT 580 D 1T splot 1F7—% 2R (x) &
JAPEL (y) ICE SR G2 MY 5. x WO FoRfplid it EMkGiREICHS L, 77 4L FTld 5 i
RELTH2. ZOMMIBWELL->TED, REDTF—2 2 CRHIE L, M7 — 2 HSHLS R
B, LRI TELLIICR->T0E. T—F D y OEIFABEEICHS L, 774V bTRE T/ ik
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D3IX 7Y —=73DE (F/IME frnin=220 Hz 2> SFAME frrae=1760 Hz ) DRIZE STV 3. frin, fmae
Z =V DERERE T, FEE O S EEEL LA, M A2 3T 2N s k) icigtsnc
W5,

splot DANIE XY ERDT XA T—=8T, @A 7 LD7 =5 b 2 LN TES. splot DEFAFIX
A9V R IA VDAV I—=F 7 T4 7IATHIZEDBTELL, - Hpavy FET—¥ %2 L7740
BAIAL T ETHTES. £/, qdp La~y PP FHIEZRO X ) IS NT0S. ZDkd
xspec L EMMDY 7 b7 2 7S ERINLE T AV THHTH, qdp R TELNLZRICE AR T 4
THIUIL, splot THAEHENREE 2> T3 (qdp 1Za Y P 7R E-RILE A 7T LUNDL DB ).

1.8 HEEZED X BRXET—FBITRIE

BRFREZED X R T =Y 2T L & 9 & LG, 7— &R, 77 7388, WGk &, ke
FHrfTbRIn ko kv, T—FHITORZRMAZ HD L ART FIVEITTDH, xspec ¥ qdp £V o 7
V2 0 x27DOWNT 277 7 %2RRE 2 L3BHERD. L L, TS BESALEOMIGIZSN T
7\, splot 1k, 7X¥ A T —F OEFEIGIZTTRETH 2 23, xspec & DHEHEIZ ENTE ST, splot HUATIZ A
R PUVBITETITI 2 L IdTE R, FHEEERO XBAET — IREZREL L9 LT 254,
AR FMVENT 7R A2 GE T 5 L LE R D.

AWIZE T, X BRRSCE T — & @1 — )L xspec & splot D& L Z4H 9 , splot-for-xspec DatfE% 1T\>
(A2 5), Ioic, T2 HOTHEONIET— Y OHMMEOHRZIT> 72 (KAfF 5 3 #). 260D
Rz F 2, AR 5 4 BT, HREEES O X MRER O 7 — 7 TR EO IRk Ic >V TR L 5.

2 B

2.1 splot-for-xspec

FalL, HRICEKELBROART V7 4y T4 v VEBREZESET 2729, Txspec & splot Z#E I & 2%
72D 7 b7 =7 splot-for-xspec) ZitfEL 7.

splot-for-xspec 1%, perl A7V 7"k & xspec DL 7 74 VD570, WH xspec DNMHAIRRT %77 7
%, splot 12X D EF ST 5. splot-for-xspec 1, xspec D T2 —F—{EfKa~=>v F; e >E L TR
T%. ZOdI—FX, FHEEIDORZ ) splot-for-xspec DA< FZ2 v, ZRDIADREE xspec A4
ZZOFEEMH) LItk S,

splot 1, 7 ¥ A b 7F— % 23R A, x il MR, vz SRICZNZFNIE I THEE2RESE
5. T—=8 8 (Tn,yn) D3O D56, 2, IS B8] ¢, 13

(xn - xmin)
(l'max - xmin)
VC% Z) Z :‘17 Tmin; Lmax Ci%ﬂ?ﬂX $Eh 70]: 4 ]‘%ﬁ@%d\fﬁ, %j‘{ﬁ, tmax Litﬂﬁ%$%%ﬁ%&ﬁf% Z)
7o, B DORBE £, 1,

tn =

tmax

(Yn=Ymin) X10g2 .;nx;.mx)
min

fn = fmin X 2((ymax—ymin)

&'tﬁ% Z ‘:Tv Ymin &- Ymax &iy@h@ﬁi\‘%ﬁa fmin & fmax Liﬂmgﬁ%%?&;&f%%
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xspec ZfHiHGH, av Y F2ANT2av vy Ry —3F e MiRE2RRTZ7 774V 4 VK
TD2O0%MHT 5. HEREHD xspec ZHHT S L2 METLIHA, £7, av vy F¥y—3F Lo
WTUE, EiaiA LFIck a2t s, avy Py =3 FLoFFRLAMERE, BED 0OS IZE W TEHED
V7727 BAEIN TS, £, HREGiA LT PC GEFFIT L T % Macintosh ¥ Windows
BREDY—IF NI al—FLE)»oBEEIY, VE—Fu /A ¥ L7% unix [T xspec / splot % Biff
IEDZENHIZELHD IS, ZD7, splot-for-xspec TlE, FIHZFIZFZHIMES>TWE T F R b A L
T AT L2 Z20F M) F2-EL TV 2.

xspec DERETR T 4 Y F UL, a2V F¥ = F A2 o8ET S, @i, 7—F DHAAAPR T L
XNV FDBEERLT A T4 V7% E, —#HOBEFLZ L7 LT, 2 RRT2FIHE & 5. WRERIE,
WHEIE Tploty W9 a<= ¥ FTITH. splot-for-xspec 132 2D aey FEESHUZ CTHEFEREZIT). -
72, xspec DEEMNRART MV 7 4y bDT T 71%, 7—4% « T « FREINRAE L, Yo rbts 3
BIZE > TR, 2070, 26 23R L TH TR TE 214127 % D23 splot-for-xspec DELHID O
EDOTH 5.

xspec DAY b7 4w FOERIF, FIZET2BRICOIPNIZ 2O0DEE»S 2D, FORICT—F L%
TN, TORIEENERIND. N6 DflAGOHICL D EITEIZHEMmE TV E T — % DRHEER
(BT B EDNTETVS. HHBEEZDOLA, 206 3 ODEHRERRICES Z LIFTERL. 2Dk
b, T=%, BTN, BEZNEFNEHLICE L BERD 5. BARMIZIZ, splot-for-xspec 1L T DK 7 0k
A%z FHBTIT) L) ICBEFS L Twe 3

1. BRENTVBEARZ ML Z qdp ERD 7 74 L E L THRFET 2

2. qdp WAD7 7 A N6, T7=5, T2FN) i) REDT =S EHRKIIMLT Ny 77770 F
TS splot IZ¥ET

3. splot THAERT 2. (GEICK > UMMMV IRT, AR L TRRT 2% L, HEDF¥E%E
79)
4. splot Z#% 7 LT xspec IR 5

HABELZZa<> Y FRUTOEDTHS. Z06l3, xspec DIRKET7 7 A NVICEIDEREINTVS, 0k,
xspec Tl, BEROBHH, EEOETF NV ELZ O EDODMAICERT 3 2 LIHEL TWw 328, B H T
splot 1ZXFIE LTV 2o,

e splot_model : ETINDARIEE
e splot_residual : FEEDARIEH
e splot_data : 7 — % DAFEH

e splot_all : 7—% - E7 )b « FRAEKA 2 HITFHE

3 XL

FICkBT 778 74y T4 v TDHEWCRETH 2 MR T 5 72012, Fex 1B AEZfT-
7o AT A DOKM» 2D, EOBEMG, HHEF LD 77 700G B EBICY ) D ORI % M
W, ZOEDVIEZ L EI)EILZMI DD ERS> TS, KR 1,2 TIEAEEIZ 5 B2 326D &
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1: FEHEL L7 RE 1.4 DARY L. EEOSEDSE TIOVEIE. + FISE TOVESED & HEbliic 4
BINlo7 =28, TRIFETNVET—FDE.

L, K34 TR7V— NV T 772 bDE L. BHRERZED L) REWRINEDPHAIS I N
T, FEHET LA 2 OB THEBIC 2 A, ATOERMICB W THOMGRIIZ 5 FP L L, v il
DAY 2 BB, Ml RARMEZE Z2 N2 frn = 220Hz & fra = 1760Hz & L7z,

FIETFIXBRXFERETICDARY P AZEREL 72 D% xspec TIER L, splot-for-xspec % T
BERALILDDEH O, 7, 2OMICKM 3 Tk, y =22 % EDOHMIZREID b D% splot THERL
7o, AL 2016 £ 6 H 8 HICHAEMERFAICE W TIHIRDO HAANZAEZ N RITITb I, 43 40 6 GRIAE
237 (B =36:7, PHFH 19.6 £ 1.5 jK).

B8, BB TOHEEBEICEEIND D TE2010E, AENPRESCHE T EDEEINS. 2Dk
OAFTAE TIFFBROBAZ KD ZDTIZ L, 77 7 OWIEDH 2 BEDOHIHO NICFRRTE 5 2 L 2R
T2HEZHNE L.

3.1 HAERR 1L:ERDFRHE 1(ERAD)

KEI1TIE, 777 79O x BliD )\ GHIPH T OZEHE) % [H & B 2 B0 OfER % A X7 bV ORI IT DZE
btz HWTITo 7. AR PV XBRER TSI DD EHV, ETNWMIEXREEEICRIND Do 72
DELK. AR EARIAZIX, /=< V) ¥ = a v ERIUKFREEEIL 1.0 IKEEL, XEDMEZ T %
BLEE . TRV F =Y R 1.0 keV 205 10.0 keV DOHiFH & L 7.

ZDIH9H, RE 14 DbDIE, Kt 1,24 THIEFICH O, RE 14 OHHEFDOAR7 P vz K 118
T, EBBART P VDT —F LT, TERWEEAZRL TS, A7 MU XBREE TS DG
LB EEN L TRRIING 12D, REFEBOFEMAERTIE LK LITRING L) BFICk>Tw»
5. T RIFRE 1.4 DET IV (FER) S BENICER L. b 0T, T+ 5 TfirnTtnsg. A7
FVOIIEF IZE TNV % BAEOHIEF IIRPIAER L 72T =8 LT NVDETZ W,

WE xspec 1, 7—4 « B TIUIE Xl Y §ill & b I CERIR T 523, R TIINEER TR S
BRRELEDbDESFLL 2. Zuk, HEOER, Fiic 7 7 7 AR BERTL CORILEZ BT 27200
BETHS. 72, BOKEDHKDOEAED 7y b yHHEIFHIZAE > ThH 3.

KT 113N avd D 4 DO/ T 0 5. /D a KOV ¢ TlE, FEHEFIZRE 1.4 DAXRT b
Ve L, FHliE AT a TIERE 1.3, /M c TRRE1.0DARYZ b e L. 7, /Mb RO/ d T
&, M a LOVNME ¢ 2R FNDEED 70y FDEREZM 7.
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HZHE, DO T EREE AR TZDOFICEDLD 2 0E0% 5 B cE LT 5 9 E L. yiil
DOHIPHIZ, A7 FVIX 0.68 225 32.5 T, AT -45.0 225 3.0 £ TT, 2Dy iO#HIZ KM 2,4 b
HEThH5.

I ab IZHWZZAXZ PVl Z R 2 7212, /N e,d ISHWI AT P Lol Z2 K 2 IR T.

30 - 30 -

20 - 20 -

normalized counts s™' keV~"
normalized counts s~ keV-'

t
T 5
e T + + R ey
10 e ”Hf++++*++,*++++++ﬂﬂw++++++++++++++#+H++++++++ P 10 "
E
o+
'
" ~ 20 ity
[
¥ +
30 | -30 +,+++ Pt ++ 4
. [
“© -40 e, e )
0 2 8 10 0 2 8 10

4 6 4 6
Energy (keV) Energy (keV)

2: NE 1.3(/K) & 1.0(h) DAXZ P Lol EEROKOD + HINEHER L2 5RE 1.4 DAXRT PV
T—% (K1 LML) ERBRE 1.3 £ 1.0 ZNZFNOET V. TRIZT—F LETLDE.

3.1.1 #R

1K 1,2 OEFHERZTRT. ad D abd RE 14 & 1.3 DART PILERELREE LR
FER cd DIRE 14 & 1.0 DARY MV EREZTEZ ARZHERTH S, Mila T, RE 14 & 1.3 DE
WEBEE HAREF, TR b LI TEE60EwAIZRL ) LD 21 A (49%), —H, TE9H, b
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K 4 DRIED AT b i, —RKEEEICHAREGH L2 L Tw 720, AIEITERERIZSDENT
7. INHDI BV OPDEETIE, 77 70MIE%E X KHATH 20036 > 7. BIEZREANICE &
DrE R2DII o, DEDDREVEBDOFNEEZELTVIHEbHD, Thsidhlrichy v
FLTW3. F£72, K 5(4) iIcblEo—flznd.

This document is provided by JAXA.



FHIBHA R SGGE AN 21

#*2: 8t 77 7 DEIEHY IR

A (%)
2 (LK (1.8keV 6.4keV M) 2 L T\ 5 4 (79 %)
1.8keV @ & — 7 13 FEHETE DFI:5) @méfﬁé 0 (47 %)
1.8¢kV & 6.4 keV DE—=7 DESIXIZIFFAL TH 5. 2 (28 %)
&qufﬁﬁﬁibﬁW%@ﬁﬁﬁ<&91ma 8 (42 %)
HISTvDE=7136.4+0.5 OFEPHICH 5 6 (37 %)
777 ETHIYTryDOMIE1.0keV { S0ICELNTRS 23 (53 %)
AT VD=7 DS THEHR D @23@&??%% 2 (28 %)
7.0 keV DAL ECIIIEHEYS & BFI ¥ DFRIZIZIE—EL T 5 1 (26 %)

4 ER
41 AR NILDED DR

T—=F78y O (K1) TRE 1.4 L 1.0 TEEPH S L, IZFEEPRIZF LTI L6, 5
Bl 7L 72 ARY FAVFET RNE 14 L 1.0 DENTHIUE, K2 < TH R SHLD ) hE
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Web 7 — % fg#ir > —/ ERGWAT DBi% & 5% DR BEEE

MERT R, W RS, ER SRR, REEE R, =AF mad, B AR
N EST, R BRET, B RS, BR F

Development and Future Plans of the Web Based Data Analysis Tool ERGWAT

Norio UMEMURA"', Tomonori SEGAWA "', Yukinaga MIYASHITA"', Kunihiro KEIKA™',
Yoshizumi MIYOSHI*I, Tomoaki HORI*I, Masafumi SHOJI*I, Yoshimasa TANAKA*z,
Kanako SEKI " and Iku SHINOHARA™

Abstract: This paper reports the web-based interactive data analysis system ERG Web Analysis Tool
(ERGWAT) developed by the ERG Science Center. The ERGWAT provides an environment for visualization of
various kinds of geospace data including Akebono satellite and ground-based observations as well as simple
time-series analysis. Interactive Data Language (IDL) / Space Physics Environmental Data Analysis Software
(SPEDAS) is used as an engine of ERGWAT to load the data via internet and to make plots for data. All commands
for ERGWAT are realized as tool bars, pull-down menus on the web browser, so that users do not have to be
familiar with IDL/SPEDAS commands. The ERGWAT provides not only plots on the web browser but also
postscript files that can be used for papers and presentations. It is expected that ERGWAT is a useful resource for
the capacity building for solar-terrestrial physics community. The possible link between ERGWAT and
Inter-university Upper atmosphere Global Observation NETwork (IUGONET) metadata database is a future subject,

which provides both the plot results and the information of data itself.

Keywords: ERG, ERG Science Center, ERGWAT, Space Physics, Data Analysis Tool, Web Platform
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VA= a—REETH50HT, BMREERIIT 7y NOERO ST BT, NT— AR MVEEES T
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1 [XC&IC
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RF—LICEoTHEES N TV D, F7e, vyl FOEKRT =2 &2 —niIZT — A7 « KRBT
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T—2I3FEAIE LTCDF B TT —H A 72, KT 25L& b0, FENE & BB S OAE R A
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& LT, IDL S5 Ttk & TV 5 Space Physics Environment Data Analysis Software (SPEDAS)®
EREEN D RNTY — VA LTS, SPEDAS I3, K[E NASA O N THE EH FEH 7 o= T
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NETwork)»® & 1771 L C, ERG ##EH FEIT — & 2 fiftr3 5 72 @ IDL /b—F > % B % L SPEDAS
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Tav AN FTTH2 N TELa~vy FEEHFR(CUDE, IDL 74 B AZnEEETLHa s
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Ho TOESHITHERTHZENARETHD. EBIZ, AV F, AV FxL7, ~b—, 77V hiES%
DOFFEE EEC T GUI A WS 203 b S 57 PEBEMICH RS EL L2280 9, K
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IDLV—F >
. (SPEDAS*1)
TDASD | Monitor
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B4 PR \ IDLV—F 48k

erg load_gmag mm210 %% gk

=
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Bl S A & —EFoRT 5. [AERIS, AHOTVE T o X =2 —|27C MM210_1min %3 L7254,
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AENTWAHIZOHIZ, ERG 7r Y= ML T —4 b, FATICET 51 #H % RDBMS 2887 5 D
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3.2 ERGWAT ZA-EE LT
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~Y K% IDL OFET77 a7 5 BXO7 74 0L TH Y ra—RT52LHAETHD. EED
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332 IUGONET A48 T—4 - T—AR—XLDEE
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Analysis of the effective features to classify the deep moonquake

sources using the SVM

Kodai Kato ™', Shiori Kikuchi”, Ryuhei Yamada, Yukio Yamamoto, Masaharu Hirota ™,
Shohei Yokoyama~, Hiroshi Ishikawa™

Abstract
NASA had obtained the moonquake data for about 7 years. The data is available to study the lunar internal
structure and the focal mechanisms of moonquakes. Classification of sources of the deep moonquakes is one
of important issues. The conventional method to classify deep moonquake sources is mutual comparison
among waveforms. Recent machine learning approach enables us to improve the detection of moonquake, and
classification of the sources. In this paper, we investigate the effective features to classify the moonquake sources.
As a result, we showed that power spectral density of moonquake, and distance between the moon and the earth

are effective features to classify the deep moonquake sources using the machine learning approach.
Key Words: Moonquake, Machine Learning, SVM
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Mg DHEER, HEDOFKEX A=A LOMBICB O TIHEFICHEETH Y, FHESBT b Tws, AEE, Z0%
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RBINTVWDS, BROSEREELZRRT -0, ZNZTNOEREZSET 206 EMMUEZHER T2 2 L2548
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1 BUSIC

NASA 7o ANOBANFEHERTEHETH L 7RI v avick>T, HOBNMEETH 2, Apollo
Lunar Surface Experiments Package (ALSEP) 23HHICERIE S #1172, 2D ALSEP 12 112 MgEat 2
VT, Passive Seismic Experiment (PSE) & W35, HoOMIEE (Mg, ARCTIIHREEXKLT %) OB
prbid, BlllI T —21%, REAFMEO 3 @iy & R IR O ETERS THRI N Tw» 5,
Fie, T—FIEET Web Leabidn, 7—% oM, BSOS L &> Tw 2 (111,

PSE i k> THEIN/AT—%1%, HOMAICEWTEERELZT—¥Thbs. 7RI v ard»6Hy40 5
DI L 7 BIHETH T M T ab T ), HEDFKERX A =X LOHPL, HOWNHEEOHEICHHIn
<w3 [5, 3.

CNFTOMTHS, HRERE, HEROME L RE (AR ZMHZFOFEPOP>TET RS, 7, HIERT
@ﬂ SOFEFERNE %5 7L — MEBNIAICTEEL R\, 2 LT, HER, BEERD S, EHEAE, R%H

, A2, BHELSICEINTY S, i, BEMEORWEAEARIE, F—0RKE»S#0K LI
éEL’C:Fa D, Weber &3 [9], H-EREI @ < il ) & BIE L 72 B EH OB OME b fT> T 5, F,
[l DRI & FEAET 2 HEBIEEBIL Tw 3 2 RSN TV 5, —fRICHEA X> F DL, HEK
DI & BN A £ CHE T 2R TH LR T — 05, %@1’4%75’5%?&3“ AN RE S - E O
FEEtOER T — 8 OREAEZ AT 2 2 LT, REHEOR {}?U%z’) MEE SNz, L, RiEODNS SR/
A RDORET, ERT— 8 2 FH L 2BEHES TE L VHRER, HEBEIVOBEEIED & BRMIEDE A
AMENTWw3, ALSEP IC k> CTF =¥ 2 HF & 7z 1970 fﬁﬁé‘l%ﬂi A — DRI & 842§ 2 HEEEIE 03
BT 5 2 LICEHL, FICHE OB ZIT> T/ [6].

Z Dk, FHREEOFE I, Nakamura 5 [4] I X 5, HEBIEOMHAHBIRECZ FIV 72 SR REE I
HOKBEEN Y 7250 v 7R HESER TbI ., Zhdd, BEOBRSEREL Z->Tw5, 2
LT, BARHABROERICE, BEIRIVPMHEINTVLE (Al, A6DLEIIC Axx £ 7YV 7E ). L
ML, ART—=2IKE, EFIH D/ A XBEENTED, FTNENEGTELRVDDOVEET S, Tk,
MO T NV EINSRED H 2. REDIE TR, HEBPOMUHZKRE Y % 2 & T, Bulow 5
1], FTLW AL BROABRLZLHEIER L Tws. £/, Endrun 5 [2] 1%, Biera7ET7 v EHOETF
BT, KR HRT - N—2h5, INEFTICHERIN TR HEZIT 2 2 LI L
Tw5, INHDMRICED, IhFTHRAINTOLRL > HBEORE, KB ThH-oHEDO NI
NTw5, £, %S [10] 12X 2 HEORGULY A7 4 TlE, ko, ARBREOMAMBRETIE%A <,
JEER Sy 2 R & LT, ik LAHDOVLEDTH S SOM I Xk 2 FEFHEO S EEAEHMLL 7. SOM
DGR TIE, BEOBEBFPRE L7 725 ) Y IRERBFEONTwS, £, /A RITE > THEIROWED
N TwEEPEZ eV Ao, TN DRERD S, BMTFEICLD, INETICHETHER, o
SN TR0 HEBIE ORI TES, BEOSEEEZYUR T2 2 EHHTHI LEA OGNS,

RO TEIEEICER T 2 &, BUEONEIER, PEOMEMEDAZEER L EETH), InFETIC
FAINTORWEIICER L 28RBS 2 iR H 5. 2F 0, BROSFHEEZHET 572012,
RO NHICHE LT 20 - kR Z R LT 208855, LarL, iR ChooREE2ER TSI L
&, BMROMRICED S BEDR D - . A TIE, BWEEE2HVw2 2 LT, AFICES T, BRODH
ICHG§ 2 RO R 21T) . HirchRBesE il 5 2 L3, HMROHEMRIT oM, R0
HHEDHE, RADEIRDOFICO %D,

AECIE, DU ORGRICHE S . 2 FTI, RFEHBOERSBICH ST 2 RO T IO TilhR 5,
3ETIE, FEEFHERIIOWTIERS, 4FTE, BEIIOWTBRNS, 5ETE, KWXDELozlhi~s,
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2 RB’RFE

AWEFE I, B E IS BT 2 RENLREH D B2 E T30 0 LD TH % Support Vector Machine
(SVM)[8] 2 L, FEEOMGELZITH. SVM &, IEHl, Ao 2 507 7 A0 57— 258 T 2 Fik
Thh, GRAONLT =227 7 AT 528 VIZERT2I LT, RAIT—IBELLDT 5 AT
BLTw22Z2HETSE, SUMIZ2 7 7 RA0FELLTER VYD, SVM T% 27 7 A5EZITH) Hikk
L T, one-versus-one % & one-versus-the-rest #E23H 5. n 7 7 A BITE W T, one-versus-one 1, &5
RED Y7 7 AIAD Y, HDORED 7 7 AICAL02HET 208z n(n — 1)/2HMAHT2HDTHD,
one-versus-the-rest 1, H2FEDY 7 AICADD, D n— 1D 7 FADOBTNUPICALDEHET 59
Harz nHAHT2HDTH 5.

MEREAEE LT, fERDBIRT NVEIEEI XV E L, HED S AR L RFEREICHE VT, fEkoER 7
SOV SVM I K > THBARE» 2R T2, 2oL &, SHUEROBEEICIE -3 EZREE2 VD, k-
FHEIZEAEWE &L, THETNVORLBEZWGEEYT 2 FETH 5. k-AEIsGERE DO FEZ L TITORT,

1. 7=%%vy tz, LEICTHET 2

2. BEINT =y FD1IDOTFTALT—=FELT, EHVD k- 1HZIET—5 &35, T —
FaAWTEE L AEHET VT, TAMT —2ICWT 2082 7T 5.

3. RIL, HHINIT Iyt D220 T AL T—FLLT ERYVD k- 1HZIHT—2 &5 5.
2. LAk AERE 2 SHili T 2

4. ZofEz, EREDIREL kDT X 7 =8I 2 3R OV 2 Btk e oy BlERE & T %

RAEMEZ V25T, BT T VONANELE UL TE 5.

AL TIE, 5 AAEREDRIRZEMAE ORI E T2, ZORIRE LT, SVMIC X 208/ E, ek
DR T XNV D% 3L ToeiuE, Z ORI X 2 AE 2 #1122 LT, IEROERRZES
XZHBPRETH S, %D, ZORHRIR, RFEZIHET2DIHYITH S,

21 HHE

ARFZE T, BeEE IS 2 RHE & LT, PSD, J2000 RIS B 5 A- RO BHEE, HofE (x,
v, z), HO®E (vx, vy, vz) ZHW3,

PSD %, FMBEOIREMEEGH LD TH 52, PSD HOBKICH L 7' 2 v M REIF 2048 fik
L, ZBIEUC hanning BEH W, $ 15 #HEOHEBEIET—% %, 7 Xy RO TOY 7 b LTGHA
L7 PSD OFHEZEHR T2, EHINZPSD 27 MLVEM 112425 X ) IEBMLL b 02 REN %R
MEmET 5, £, HEE, HEBLEV, 1 REMEEADFC SDOLHFEET S, -7, PSD OFlHICEW
T, BRI L OFHOERDPTNC T O Z, YOI ULMELZHR T2 2 L THRIET 5.

J2000 JERERE, HuBkZEHL & L, J2000.0 I8 2 FHRE LR SR LR TH L, <
2T, J2000 1% 2000 4E 1 H 1 HIEAFTH Y, Z2DORZNCE T 2 FES RO % x ik 3 2%,

J2000 FERERIC BT 2 H-HBERR O B, A28, MU, HERAERZNCIE- T, SPICE* % v (a5
179 . KT, TNEFTOMERTHLSNTELEE» BN IREEEZHVTIC, BROFLTHR
TR CTH 2 Mat T 5. FREI L, FHMEN 0, BERAE 1 L2 X9 IERMLL, FEEE (g, #Ez
NZENDOAGOY L EEREZ T 5.

SVM D 33#121%, scikit-learn[7] @ SVC Z 27z, %27 5 A3HkICIE, one-versus-the-rest % W7z,
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#£1 F—%tv FORER
B Al | A6 | A7 | A8 | A9 | A10 | A18 | A21 | A33 | A&t
F—&% | 138 | 24 | 19 | 24 | 51 | 33 | 36 | 26 | 28 | 379

Flo, KX THI) T—F 2y M, BRI LICT =SB 5. SVM OFEDERC, 77— HDIE5D
EE, WEEHOFKEICOLNL, INoOARYE T —FIHIBT 270, T—FBIHL THBTEAREZ D
% X 9 class-weight /87 X —% % “balanced” IZFXE L7z, F7, NT XA =FIZD0TIE, K57 LI rbf
& linear A — 2NV EHAWTT Y v P —F 2470, ZNEFN—FSHERED O IIT XA —F 2#R L 7,

3 SEERER
31 F—%tv bk

F1I1g, FRICHWET =%y MCEENLREOMB L IRFEHEDOA XV MR T. AT —%xv b
WKHOWEHEBAXRYME, 7R 12503y a vy TSN bDTHS, KT —F vy M, ER2E
DR CHIRIHTEA XV RS BN, BINEATYS 9BE» S, AF T/ A X0k wHEZREE
LCTWw3, BB LT, ‘P51 E, LY FEIE, 0.3-1.5Hz DNV PSR 7 4 VS, 234 7 BREN
B2 AT R RAPMEGT D Z 8l (LPZ) D7 — % 2 HZERICHW 72,

¥7:, ALSEP I28WT, AET— % D@l Peaked €— F & Flat €E— FBFET 3. T s OEHlE—
Fick->T, MEBUSENRL 2, 2070, KX Tl, Peaked €— FTEHBEI I N/ IO AZ W2

3.2 FHMEE

AKESCTIE, BRODEOMERZIHMIT 2 2o OFHIfEEE L L, @EA%, BHEFE FHzHWS, file L
T, A1 EBRICEBT 2HEA%E, ¥, FMERMUTOATEINS,
Al E P NTIERTE o 7238

A —
s Al EPHIS K
B Al E PRI N TIEfRER - =5
T kD A1 D8
g 2O« IR
T EGE + R

ORI, TEOIEHEEZ W 2HEETH Y, HIERE, sHOMBEEZ W25 TH 5, BWEK L HERIT
—FA7TH570, WERLHIROFNFYTH 5 F I, @EKEHIERONT v 22 EE L i
?’é"fi‘%“&% %,

3.3 PSD ZHWIBEDER

AHHiTIE, PSD %3, Bz 28T 2 DICHM R TH 252 3l 3 2 72 0 DHEBHTRIC OV TR S,
PSD (379 15 7D HEFE A 55t H 2179 . HEBEEOUI Y H LRI, FHED P IR 2 i

2 http://www.cygres.com/OcnPageE/Glosry/SpecE.html
“ http://naif.jpl.nasa.gov/naif
“ http://www2.nc-toyama.ac.jp/ mkawai/lecture/radionav/tfcoordinate/coordinate.html
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1, 2, 31, PSD ZFiite L Zic, P ?Ez%ﬂi%ﬂ%zw%@tﬂ D H U BRI ZI O HERZ IS HE S, WA,
WHEE, FoHBEZRLZbOTH S, MlIERA, MEA%, HHE FHEOETH 2.

1, 2, 3 &b, WEE HUE, FHEOSTOFHEIREICE VT, PIKIEEEED S 15 7DD PSD
ZEE L LB E o BEERE <, PIENERZD 6 DENBRE 251220 T, SVM O ERE MK
TLTWS I EWRENT,
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1.0
N CE S
I HIRER
e
0.8
0.6
0.4
0.2
0.0 - = = = = = = = = === = == == = =7 ™
88 ggyg =TS22 =S 55888 2 2 5
7OMEEE, GIE (x, oy, z), HE (vx, vy, vz) 25 2 0% FE L L L 0o
#2 JEHE +x BOBE L RHEER L Lo L &0 SVM #3 JEBE +z ShoOMEER R L L L ED SVM
DIHENERE DIPHEERE
IR | EAE | BB | FAE IR | EAE | HBR | FAAE
Al 0.81 0.38 | 0.51 Al 0.86 0.31 | 0.46
A6 0.17 0.29 | 0.22 A6 0.23 0.50 | 0.32
A7 0.08 0.21 | 0.12 A7 0.13 0.42 | 0.20
A8 0.29 0.38 | 0.33 A8 0.34 0.71 | 0.46
A9 0.69 0.73 | 0.70 A9 0.38 0.10 | 0.16
A10 0.45 0.39 | 0.42 A10 0.09 0.03 | 0.05
Al18 0.43 0.64 | 0.52 A18 0.34 0.39 | 0.36
A21 0.38 0.38 | 0.38 A21 0.25 0.62 | 0.36
A33 0.81 0.89 | 0.85 A33 0.53 0.68 | 0.59

BEE L SRS DPHEERIS 2 LRI N, £, y HIOAE 42 IOME, y #OAE +x oD
ML,y WML 47 oML 2 R & L & &, liofzE, BEDOMAGDHE &KL THARIE .

TICBWT, DHERESRCHAGDYE TS 2 HHE +x BOWE, Wk +2 @ho@E, y BioAZE +2
DALE, y EOMZIE +x iOEEIE T 2RI O EEEZ2 £ 2, 3, 4, 5ITRT,

4 EE
41 PSDICDWT

AtiClE, 3.3 HiofEHRICOVLTIHNS
PSD % it & L 7B B 2 0T, EiHI ALz P EBTE TS 2 Exs, PSD IS FIC
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#4 yHHOME +z BiOMEZFEEL LZLED #5 yHIONE +x HIOREZFRHEL L LED

SVM D 4%l RE SVM D4r¥lERE
BRI | EAE | HEE | FME R | EAE | HEE | FME
Al 0.75 0.28 | 0.41 Al 0.69 0.31 | 0.43
A6 0.11 0.08 | 0.09 A6 0.00 0.00 | 0.00
A7 0.19 0.74 | 0.30 A7 0.21 0.79 | 0.33
A8 0.17 0.38 | 0.23 A8 0.21 0.38 | 0.27
A9 0.62 0.80 | 0.70 A9 0.60 0.71 | 0.65
A10 0.23 0.09 | 0.13 A10 0.38 0.30 | 0.34
A18 0.30 0.28 | 0.29 Al18 0.50 0.39 | 0.44
A21 0.33 0.77 | 0.46 A21 0.25 0.35 | 0.29
A33 0.12 0.04 | 0.06 A33 0.41 0.64 | 0.50

BNLREETH 2 2 L¥bhrs, £, 7HENEZE TS 2HE AL LT,

o FifiE & DM A A O EDNHY] Tl
o PERDIPEHEAEL SVM I X 2 pBUHED {5 7 %
e PSD THRZ 5 Z LN TERVREPHREICEEA TV 2

LEZ6NS, £, PSDICE T, HIEHED P EFLEERKD, ROEHRT LICKEOEBBN TS &
NSNS, Zhud, RHEHOREE & bIc, HRETHEAPHILT 2720, BHI L OREPHONTL £
rHEEIOoND,

42 [EEE, (g, ERICDOWT

AEITIX, 34ATHOFERIZOVLTIBRS,

X4, 5 6 &b, BRI LICHBEMERICIESDERHD, Al, A9, A33 IMhOBIRICHLRT, SRS
v, FEEE 4 A7, EEE 4 OEE oLk, Al, A8, A9, A10 X, HHEf 4+ HEAREEE LR
PEREDS, BEHEE + ALEOBERE &L TE, L L, AL8, A21 X, BEEE + fE O BIERE D EEE +
DFEMERICHERTE Y, S5 DR S, MEPKE (T 2ERE, HENRE CHET 2EEI R
b, Al, A8, A9, ALQ IZHEEICRBDHNZEERTH D, AL, A21 1%, MEICFEIHNLERTH S
CEDHEHIIN G, 72, TRTOERIE, HHZREEOD LD L LRHICHBIERI R,

o A MBRIIDIEMEZ Db DMHBFREAEICHES LT3
o A HuBRIMIOMEEE, MED L ITHE & BRI, ABKEICFLS L TVELDDHFHET S
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Study of the suitable machine learning techniques for

classication of deep moonquake sources

Shiori Kikuchi', Kodai Kato ™', Ryuhei Yamada™, Yukio Yamamoto ~, Masaharu Hirota™,

Yokoyama Syohei ", Hiroshi Ishikawa

Abstract
Deep moonquake occurs at depth of about 1000km, and it is most frequent lunar seismic event. Due to consid-
erable noises and low amplitudes in deep moonquake waveforms, we have some difficulties to locate the sources
when we use conventional method. In this paper, we have investigated suitable machine learning methods to
classify the deep moonquake sources based on similarity among the waveforms. The machine learning-based
method is more useful to reduce the computational time to classify the sources compared with the conventional
method, and it has also advantage to apply the some types of effective features such as power spectral density
for the classification. We compared performances of some machine learning methods in order to find the suitable
method. Then, the deep events misclassified from some machine learning methods has been also investigated,
and we have analyzed causes of misclassification (e.g., mislabel, outlier) for improvement of the classification.
It can be expected that the suitable machine learning method will enable us to create a new moonquake event

catalog and identify the unclassified events.
Key Words: Moonquakes, Machine Learning, Neural Network
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1 RBU&IC

NASA 741 Iy avick->7T, Apollo Lunar Surface Experiments Package (ALSEP) & W:-iEi
2 B EREDRIE S L7z, ALSEP Z W72 EED U L D TH % Passive Seismic Experiment (PSE) &
ALSEP Ic& Fh et 2 vl L THE MBI 217 ) R TH 2. ZOFEETIE, 5 >DHIFEET
DHEICREISNTE D, ZOW, 1-4 AOMERZ AL T 7 802 HEDORIEII SN, Th
5DT =%, RAWME O 3 sy & ERE O L TERS TR I N Tw 3

PSE IC k> TR o N HEOBM T — 2 1%, BfEbMfTbiTs), HE @%iﬁ., TEHE, X
OCHONEFEED FHNIC DWW T K ODRAEBEF S 1TW» 3 [10],8]. HEZ, FEWRES, RAEREZ G LI,
BHRE, NLEEOES, BAEE, REHRE, SIOEEHREO 5 T ontnes

HFEHEIX, EEH 1,000km THETLHETHD, ZhE T Eﬁ?ﬁﬂ?ﬂf*ﬁz’))ﬂ*i)&wﬁ ETHB. ¥
7o, WFARZ, FEHE» S FcRAEL, AUBKETRELLHEOBRE S BHEUL w32 edtb
2o T3 [7],[2], BIMISNZFEHEARO—IRICIIERZET 7 U35 3NnTE), HEA XV A5
T ELTABENTWS [17] 8. S0LiE, Al, A2, -+ - EAMNTSNTED, 109 D7V — FICaHE
T3, KRC Apollo Ti, HEDRTHM I NI A XV P35, WEORIEL NS /4 Xb % 0nik
&, Ayurcl, EEORBMEEZAOEREHEE L 7 Vo5 5fFbnTnes (9. —F, IhEToHt
EFLETIE, 2D/ ARXDEI R EDS, E%T?O)%?‘?)? ST B EHEER RO SBUFET 5. ZoME
X LT, BEIEARMOWFEHEDORIAE 1L, FERDITETHILTE 2o, BRI L@ 287
BRI OFER, iz iﬁ?(ﬁ?ﬁ)%%c‘:iﬁ% Z 2T, AT, RREHBEROB 20 HTIELLT,
B AEICEHT 2. B, JVBREEINTOURLRED T =Y ICATTI NV 2595 2 Lid, T
PRSI RIC > T L £ 923, BWEEZHV2 2 LT, ZNBABLTESZ LHEZONS, 22T,
Tz lx, HEROBREHEEZS 7 7 A0BRME LR A, (CRODERRZEE T -2 L LT, BWEEo 1>T
HHHEH D FEZITH) 2 LT, HEMICHEFEHROREZ 7HL, DEfREZ 7L e L TREHRICHS
T2 E2HET. 77 A0HE R, BOrOREZERNL, ZORFETREL A XY P 2AERICEES
®, BRPRHTH 24 XV F 2, BRSNAERD I L EORIICET 2 DY) 02 P22 L TH 5.

i O A8 2R HRICE L 20, %S [16) o287 o ns, %o [16] W% T
Support Vector Machine (SVM)[13] Z ¥ HESBFHICHWTE D, %@ﬁ?ﬂﬁﬁ?ﬂ?ghf w3, LaL,
SVM Pt To s frbiiTwiavize, SVM BAHCEFE HRE D BICHE U 72 FEXEE T 2 WlRElE2 H
5. Z TR T, RENLZEAD D OFEOTEZ W THEEAROIEZIT W, JHMERZ Y
%. WiE$ %2 FikiE, Neural Network[5], SVM, B¥ AT 4 v Z[alg 3], 7 v ¥ v 70W%%E D 5 Random
Forest[1] £ 77— A7 4 v 7D 5 2%z, SVM Tld Linear #—% )V &, RBF A—% V%, 7—AT 4V
7 Cld AdaBoost[4] Z 27z, 2L T, FEILICoHER2HET 2 2 LT, HEREHEICHEL Z-Mked
FEEHE T 5. £, oo L2 HET 2O, RFECIRESFINA XY MICER L. #E59
BN BHMICIE, FHEPREED, BHOREZ ) FCIRAZ I EPRTE TRV LR, TVOREY:
BEVBEZOND, TOTNLVHEECHEDLONLA NV F 2T —F 2y PSR LT, oEMERELS T LY
2LEZoNS, 22T, HEOTIECRHEET, BoBIhs A Xy bzlil, #osIns iR w»
THEEZRTR o7, FRESEEROEVTEZ W, FEEIEEEO RV R#E L, FR7
D AR ZE AT,

RS DORRNIR DM Y TH %, 2 FTIE, WIAETIEO TR Z KT 2 Tk L 2 DRiIRZ2IEN 2,
3ETE, BB R DMRDE A N PORERIT) Tk e, MRZAND. 45T, 25 L 3HEOM

This document is provided by JAXA.



FHIBHA R SGGE AN 53
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=R Al | A6 | A7 | A8 | A9 | A10 | A18 | A20 | A21 | A33
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2 BWFEFEODHEERDOLER

ARETIE, HREBFEIBICE U 2 RSB TR0 0Bk O i 217 ) .

2.1 EERFEK

AETE, HRICHw2T7T—% 2y b, KEE, T 2R D D F#E 21T, BIREEO Tk
&, ZOFHITEICOWTENS,

211 F=Ftvh

KL TIEA XY+ OBEDFICH CHEHRABOAZKH ™, HEF =213, X, Yiil, Z#io 3 Fifomk
ACRERI N TS, Aifgicld, ERMPMETOT—s 2w, X, Y, Z#HOHED 3T %Z 2N
ZNLPX, LPY, LPZ & LCEilT 3. £, HEDWIHIEZ, £ D/ A X2atk0, KL TE, Hil
2B L ZEEEr O CEROSEZITI . WUIEE LT, FIlE, LY FEIE%2fT->7%%, 0.3-1.5Hz
DNV FRRAT7 4 NTEREHL, AL VBRENI T 7%, 1 DOWFBIIR LT, 3 2 &Il % 17
Bol kD, ARBEEOHZK 112RT, 1LIZB VT, HNIREZR L, HeihdiRIEZ =9, 1&0,
12D RV MZEWT, BADEWIZ Lo THIER R Z b s, RKIFRTI, FESWMTh-o7%k5m
WIS [15) £ 0, LPZ Z W75 & ST O BIERSE P > 77 ®, AW%ETH LPZ DT —4% %2l
9§ 5.

AW, mOLBHIBIMIEC, 4 XV MY \» Apollol2 BHLE CEEIS N HET — 5 DA% v
3, EONRETIERIZ, FERFIETIRUBIMGEINTOEI4 XY M 20 ML EH 2 10 DEEEZ A
Ve BEBOANY FEE LIORT. £, BRIk oTA Ny MIOSRE 208, HEH S AT [15]
LD, ARVIEEICIESOEDRD AEATONEERIIE o770, A XV M EEHEICT 5% SR
I3frb 7w,

AT, FBICEHT 24 XV Fo, T 2R3 %2, FEHS QLTI [15] IoB W TaBMER
, 2OT—988P% %5 1508 L.

212 HLEIBFE
ARy P ORZAET OIS, RENLHAES D #E 21T, BWAETIECOWTERS,

Neural Network
Neural Network (%, B4 RMfRFEIC L > TREEI N EEO 7LD ) XL TH S [5]. 2012 4

L, BICHRORWEAE, WRIEABOWREE R

TUTF, hxurldh Fin, ZOBEaZICEbET, BELRL, ERABENR GEbNAE L DBGE, £~ LT
5.
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moonquake example 15min

LPX Amplitude
a o w

LPZ Amplitude LPY Amplitude
a o w o o o

Time [min]

1 HEHEOH

DM a v 5 A+ 2B LT, Hinton 5232 DFEEHWT, 2OHAMICHERDIES > 7. Ak
Tl%, Neural Network D—fEiTdH 35, -7 trturv2Hws, ANNT—Y%2K&E=2—0 T,
HAPHEMCBERZ AR o HOLEZT>Tw ., 2L T, HhEcolihe, Ef7T—5LzH
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NIED 2 JEDATIIFIETH EFTDH 553, HRIEZENT 2 &, IFPETEIAREICZR 5. AW
X, %77 AR o, HAEOBEEBEKICE /e Ay be—%2 Mo, EECERCE, v
7 by 2 ABBEM G, V7 ey 7 AL, BHOEORME 1 ET5Z LT, gEIND
75 ARMERIAGICT 270D TH 2, MNFHDO= 2 —0 v HiF, KPETT) 3D 7 7 25T
H510 & L7,

Random Forest
Ty 7N EDO—ETH S Random Forest 1%, 2001 ££1Z Leo Breiman 23424 L 7B E o 7
VY ZALTH % [1). Random Forest 1%, 77— AT v 7% U 6 EBDORERTEET 5,
ZLT, ZNZTNOWERICK 20HHRERZHE L. "N EABRRLE T2, CoFEORBEL
T, FEHPREERTH LI L0, T—FORECLHED DD 256 THEROE TRV E8EIT 5
nas,

SVM
SVM (% 1995 #EUHIZ Vladimir N. Vapnik 232%R L 7288 — VB H OB AEH O 7L 29 XL TH
% [13]. BRI EE T — 2 SIS R 2308 L, SRR BT 7 — & s skl 5 A
oD RLL, RAT—IBEL LB INL0 2 ET S, ZOFEORHMELT, T—
8§ DRICBIRE VGETHOAHOWREE N 2 L0, BET 587 X —F DRI 720 2 & 3%
SN 5. AT, BIESEZIT) ROICHweNnS, WEA—3LE, ERIEIELITI 720IcH
WHs, RBF A—f vz 2N Znlwi., KiwXTlE, Z1ZNn% SVM-Linear &£ SVM-RBF &
FilT 5,

AYA7T 1 v 7E%
0P A7 4 v 7AE David Cox 2MER L7270V 3V XL TH S [3]. vP AT 4 v 7L, By R
T4 v 7B T, BAONKHIERZILC, H2UERENREDAT TVIET 2 DEMAS EiE

“1° ImageNet Large Scale Visual Recognition Challenge
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RE2PHT27VTY ALT, JHETVELTHATSE L TES, AR 005 1DHTHS Z
EDIAIRIERYR E R CIR2 82 9252, nP AT 4 v 7R CIRBMEZ®RIT T 7 A0 FHEELT
oTWn3,

AdaBoost
T—=AT 4 v 7 D—MTH% AdaBoost 1Z, Yoav Freund & Robert E. Schapire 23585 L 72 b2
DTNITYALTHS [A]. 7—AT 17 Eld, FET—82HOTEEEZT, ZOEEERE
FATBRICEADOHFEZHDIRE ST Z & THEDEER Rz kD, Zofifkzillatbe s &
BEN LIS FETH L. 207 —A T4 v T ORENHRFILETH 5 AdaBoost 1%, EREEH 50
%rPLEBZARED, HOuaEiz KEICHEL, 2012 12Ic@EAZMNIT 5 2 LRV EEL
TERR L, EZITH. AFATEIFODERE L CORERTH VW, 72, KR TIELTF 7 IR0
Bizf79 729, AdaBoost D7 TY XL E LT, SAMMER[14] Z iz, COFEORHHE LT
) ARBL AT = PREHICEEZZITTLE ) bOD, D7 —2F 4 v 7 Fik XD HIHIZiEY
BHEREICS LI EBFEITFoND,

2.1.3 FHEEE

FIEOTBMRR O 2179 72 12, ZRAEREZITR ). FTHHT L7y 2487 —% LiHiiT— 41
FET L, FET—FEHOTEEROETVEERL, Z2OETAEZHOGHET—5 D827, 2D
SRERERE LT, AT, FHEOEE L, @A L HHEHEOTNEYTh 2 FEE A2, #HEE
Lid, DEOMREO RIS, ENETERPEENTOI00HA&EREL, HEHELIZ, SFHOMEE L THT
(BREHLDODIHI L, EBIELSAHINLLODOHEGEIET. ZOMAELHIERIZ L — P4 7 0BRD
72, WOz NT A K CHHITS 2 7201, FMFEZEE L2 F 2k, Zize Hve-CoBtEmR ot
lizfr9, ML T, ARV FZOFLLED, Al OBEAEE, FHE, FHEEIUTOXTERI NS,

Al EPMIL TIEMRL 725

e -
W Al EPHIL 725
Al ETHILTIEMRL 7%
i —
F35 ko AL ¥
F@72*ﬁﬁ$*ﬁé$
T B AR

fOEFICE L THU EOXZ T, FHEZEHET 2.

214 FHARTHWIEHEHE

AWH7ETIx, HEDPEIYZ M\ T Power Spectral Density (PSD) Z&HH L7z b 02 R & L THW %,
PSD &, FBEBRSEIRIEOMEZFE L 72 bDTH D, RRAT —% ORISR EIcHvo s,
AW TIE, Welch iz H\wC, PSD O#EEZITR>TWw5, ZOKRIC, FFT ZHWTARY L OGHHE%Z
filgoTWwa7d, 20RFLHDXIHIC, Y7V v I BERET 2. AFEEETIE, FH 5 OEITHIZ [15]
kD, SRR D o 2048 2V Y T v I E LT,

2.2 SREREER

AETIE, 21 fichiR7zznZnoFEZCT, HEOZEZITY, ZO0EEZIHET 5.
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# 2 Neural Network DN /8—85 X —%
Za—uyH (—EH) | 2a—u B (CEH) | SRS | &iE{tBI% | Dropout
60 40 tanh Adam b

(]
Fikt WA | HE | Fd
Neural Network 0.97 0.97 0.96
Random Forest 0.79 0.69 0.66

SVM-Linear 0.92 0.92 0.92
SVM-RBF 0.85 0.84 | 0.84
uYA7 4y 70 || 0.87 0.87 | 0.87
AdaBoost 0.13 0.34 | 0.19

221 INAIN=INTGRA—=T DIRTE

AFETABODEICH O EFIRICIE, ZNETNNA =T X —F LW ERITRETE 2EXIFET
5. DEMREE B30I TN DA R=RFX=FRHEFL, Tty MIRERSEREHET
LINEDNH B,

Neural Network I 2 W CTIE PERZITV, NA =T X—=FTh L PRIED=2—v V¥, B,
TEELRE%, miE LBI%, Dropout DHMZIRET 2. AWM TIITHEO = 2 —v ¥, HOK, LR
#, muftBe%, Dropout D EMEEZZH L 02TV, ZNENOREBERICOVT, FlEZRD 2 Z LTl
W A R=NRFGRX=FZPETE, LD, 1 PHOHMED = 2 — v Y RERET S, —a—vr#x%
BMI 2o 0HET Y, Za—a YHOBIMC K> T, DFHED FIEOZEHMZEA LRI 58K
R COZ 2 —a Y BRI THGE 17X =5 LT3,

HiEOR L, BMEns2HHEO= 2 —v vy EzET 2, PHEOEORZEMS &, 2EHRO F 1A
DOEAEMERL, FAEP LR LGS, BOREZENILE, ZoLE, FHGBMLEBIIOwT, =a—
o yE 1 OHOREOGG EARICIRET 5. Thvk, DBEERO FEP LR L5 %5 £THRDIET,

BB IE T 2 SRS E T 5. TEYEILBI%L sigmoid, tanh, ReLU @9 &, 3HZ{T4 - BICKD
F 23 < 75 2 B%cz S § 5.

Neural Network i28 W T, FEHPICT vV MMOEAL o2 —n vy E2EILIE3 2 Lick-
<, AR PEEFHE T 5, Dropout &MAEN S FEDOEIEIRE I N T 2%, Dropout Z EXNIC L 7%
RETHEEIT R IFER, WEFEZEILTwD I LM E N0, Neural Network O Pz 1%
Dropout % #H L 7.

I, mEtBBERET 2. Rk L LT Adam[6], AdaGrad, AdaDelta, SGD ®Z N Zih%
T ZITG, JERIRO F RS & & 2 REEEZ AL TH S 7 X =% T35, Fa—
=V P EAT e o T AER D, Neural Network ISHEHT2/87 A= % £ 21K T,

Neural Network 122 Tl&, Python D€ 2 — )L CTdh % Chainer[12] ZH\ 7. Z DD FIEIZDOWT
1% scikit-learn[11] Z T, 7V vy FH—FIZ X 2NA R=RF X =Y DPEZRIT R 72,

222 BFEOIMEER

221 HDF a—=v 7, HEDFT—%+1y MIRLT, 6 2OFEEZHOCTHEZITY, ZREFhD5HE
HROWEZ1TI. ZDON0FOMESE S NHAER, HHE, FMEZESITRT, I Dfbld, BHI LI
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FELDDEFHLMETH S, £3 LD, Neural Network Z > THOFZTR-BAIC, HAEEK, F
R, FMEEICRDE Aok, £, FMAEIZ096 LD, ABRZEMEICOETLILENTERL, 20X
IZ SVM-Linear, ¥ A7 4 v Zlki e &b, $UEITEZLT ) FEODEERBREORERE o7, WMoy v
B 7 VEETH S Random Forest & AdaBoost 3B W EIRE L 72> 7z,

3 BRAFELBIHERDFWVWANRY NDRE

SRR L2 HIET 720, AETERTEHINA XY MCEHT 2. 3B0HIC3VO»0ERE
ZONDBH, TRNVORENG EVFRONLEA XY 2T =82y b6k 28T, SEERD M LA
EFNs, KETE, BOEHELRIMEROECA XY F 2L, ZOBRTHEOFEHIIOWTOIH 2B,

3.1 REFE

TEFESL, Rtk E2 2L S EBO B TRMEI NI A XY P2 L, I N HERED
FOA XY FOFEREIT) . BEE O BER 2 BINT 288, 2Mk0 T —8 2487 — 5 LiHliT— 2124y
HT20, 2TCORE Y =V CHEEITH 2 LIRERAREIHE IR M0 h 70, SHNEEET— 8 L
T8 DRE%E T VLR L bDT, HANSEEBRDIEL, MBI NARY I 2AT Y P LT,
AR T, FHRIFHEPSRRRICZ S 2 1500 Mo 5 Z2 1745 >7, Z2LT, &4 Xy FOBpEI kb
Kz, 204NV DT —% & LTSN mETH S 2 T, 204 XY L3 EDOREDHERTIRIT
HINDDZFHAET S, INS6OERICAZ, BEABEINIAXRVED, ) sk RTEMEINL D%
DD 2 dDFEHEHIT R, INETOEMNRTNEZ L TICRT,

1. BBOFEZ MOl E 2 @8N, ZohT, A XV JEICESEINBEZ A7 L, i

ReiltHd 5,

2. HEOFHEEH O DEEERITT) . 20T, ARV FTEICEPBEINEEE ATV P L
ERZ GRS 5.

3. FERICBIT ARy POl EINL, OB INLEROFE A XV MY, ZoSHE TR VD
ZER T 5.

4.1, 2 &0, FELREERILICGADTHINIHEROFE ARV M2 7y X v 7picL, v v 7
Al L BRI 2 5T T 5.

1, FETEICEPFINTARY P ERIRT 2 2 LT, FEOEVICED S THESFINIARV M %2
FHT 5, 212HOPT, FAHA0.80 2R FEEZHOTHEEZITY, BOBA RV b E2AT7 Y T3,

2T, MEEILICGESEINT ARV P2 RHKT 2 2 8T, FEEDEVICHLGS THESEINL A X
Y EEFERT S, FEEICE, PSD ofic, ABREEOT—% 2w, HEKIFIE, PSD LFHMKC LPZ %
T, ARV IOk T 2RI Z2 1508 L7,

31, BAOBOERPNE TR 2R 2. AlEOMRIE, w7 7 EAHEZ AT, SnfEo
HEZRITH. w7/ EREHEE I, HErTcHOO N2 RTFED 12T, XD T — % 23HE
BB S NG, T 1 = {n, o, fiss o fip} > SEDEATIND S TH B k) LY b L
v = {21,202, 23,1y} CRINBIUCKT 22T/ CRABIMEE, FRoRO kI CEHINS

Das(e) =/ (&~ ) 51w~ )
EURINIZIE, p liEBiD A RV FPORBRTIERIBEDOA XY FOYEHEANL, o ITEEIFA RV 2 ANT
3, Zoeng /) EREMEHACT, HOBEAXRY FOHBMESARY OB D LML, ZOESHA RNV
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R4 BTSRRI R T 2BEERO 7Y (B 5 1F)
(NN : Neural Network, SVM-L : SVM-Linear, SVM-R : SVM-RBF, LR: v¥ 27 4 v 7 [alff)

l PSD AR
AN 2]
NN SVM-L | SVM-R LR NN SVM-L | SVM-R LR
A18-29 1.000 1.000 1.000 1.000 0.997 1.000 1.000 1.000 | 1.000
A21-12 0.454 0.814 1.000 0.978 1.000 1.000 1.000 1.000 | 0.906
A20-33 0.285 0.994 0.977 1.000 0.843 1.000 1.000 0.895 | 0.874
A10-33 0.986 0.994 1.000 1.000 0.837 0.820 0.550 0.693 | 0.860

A21-4 0.230 0.732 0.891 0.841 0.995 1.000 1.000 1.000 | 0.836

#5 BFELEFEERICE T 208 OMBFRE (NN : Neural Network, SVM-L : SVM-Linear,
SVM-R : SVM-RBF, LR: BY A5 1 v 7[alk#)

PSD Al
R Fik NN SVM-L | SVM-R LR NN SVM-L | SVM-R LR
NN 0.700 0.620 -0.662 -0.281 0.008 0.062 -0.240
PSD SVM-L 0.722 -0.860 -0.257 -0.015 0.174 -0.214
SVM-RBF -0.791 -0.079 0.153 0.397 -0.077
LR -0.217 0.083 0.162 -0.205
NN 0.724 0.127 -0.779
HiZ SVM-L -0.309 -0.451
W SVM-RBF -0.144
LR
1600 300
--- A18-29 ; --- A21-12
1400 ! --- A214 !
: 250 :
8 1200 : 8 :
= 1 c 1
S ! 8 200 !
@ 1000 | R 1
[m) 1 [m)] 1
% 800 E -(_g 150 E
[e] o
c 0 c 0
O 600 ! © !
g : _(CG 100 :
© 1 ©
S 40 f = ]
: ) :
200 1 1
0 0 5 10 15 20 25 : 30 35 0 0 5 10 : 15 20 25
event number event number
M2 AISIZEBIB/ANY D= NT ) AW X3 A21 2B BEA NV bDenT ) ©AHi

b, T BEEROANIT R HET 5.

413, 1E 210k B, R E TUEC £ OBSERERIC X 2 IRE VT, A S o IR S 5
TH, COMBIRIICE 5T, &9 0o hERTHBIE NS A < L BRESOLEEET 5. HBFREIC
X, 7Y oEEE AW,

3.2 SEEREER

HESEICE T 308D ED > 72, Neural Network, SVM-Linear, SVM-RBF, v 25 4 v 7 [all#
PRHOT, ARV FOPWEZRITH. FiEIClX, PSD &, PSD ZEME L T Wk RS D HEKIE %
HOToE=Tho7, HENEZ Hwi-0%Tl, Neural Network, SVM-Linear, SVM-RBF, 1 2
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--- A20-33 ' --- A10-33

Mahalanobis' Distance

Mahalanobis' Distance

50

0 10 20 30 40 50 0 5 10 15 20 25 30 35
event number event number

K4 A20I2BITBEA RV FD2 T ) ERPHEE M5 ALOICEBIFBZEANY FD2 T /) E A

T4y 7RO EDFIRIZE VTS FEA0.80 A EEZRD, PSD ZHWANHL D IHELH DD, RS
WFE Ao, INODEFHEESFREEZHCT, 2T =Y LT —y 028 % 7 v ¥ Aicfrni
235 1500 D3 E TV, F5A4 N2 P OBESFE I NLMERDOEE 2RO 12, Z DIERDE A N>+ LA
5O RFE L K FIEIC K 2D BIER L, ZOPHE2R4ITRT. ZOMEMD 6 fiLAT L, BSBHERD
FPZ 08T o7, FADARY FOFFIZ, BHOARI L, ZOBRFIT LB Sz HREO R W
DOFRFEREL TS, 7o, £41F, MREE 3N EFTERRL TV 528, RHOBSHEREES 1.000 D
bk, 1500 HMORITTELIEL AFINAD oI EZEKL TS,

RADARY P RZORFONUETH P ZTERT 27010, FERFICBITE2EAXVFDTNT/ER
PREEZFHE L 72, RERICBII28A NV FOenT ) EXlEE, K2, M3, K4, M5IRL, £40
ARV EZNEFNDRPOMEIRTET.

PSD Z W THB L B A Ry b &, ABMEEEZ TR L 2B HA XY b OESFiERICX 5
NEAL % LT, & TFE L SRR O Z RO MR 2R 5 ICRT, £5 XD, PSD ZHvAg8TI, M
BIREDS LI DA I & e o 7. F7, FEZ A Z AT, HBIREDMES & 20/ sk

4 EE

AKETIE, 2FE 3BEDOMGRICOVTHEZIZOVLTHERS,

41 BRFEFEONEHEOLBOEER

7 3 & D, Neural Network # W CHHHZ TR o 541, HEFE, FHHE, FMEKICRLE ko7,
AWF7ETH 72 Neural Network (& RIJEDEFEL, B ORE2IT) 2 LDTEZET AT, ZOHHHE
ICEWT, WEYNCREEIIETE D, A XV MDD BBEREZEALT—8 2y P Ttk
{rolktEzo6N5,

# 3 X1, Neural Network OXICHEHERD F 235 %> 72 DiE, SVM-Linear Z H\» Tz T4 >
72EETHD, RICFMEPE Eo7DiE, 9P AT 4 v Z7EFETH -7z, SVM-Linear (&, SVM TS
it )5maThs, RIS, BP 274y 7R b BB Z1T) FETH 5. Ins0FHEE, JERE
DIEEITI) SVM-RBF £ D bEWV FEAZBMIL 72, —IVIC, RIGBDOE T —FICB T 2 ERuZEm T
X, 7— % OO B P R E X R WENPS LY, BB EIERE OSBRI, ST DEVD
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HanZ EBHonTnes, Lal, BBSEZIT) FIEE, EESTEZIT ) FHRICHAT, A2 RE
TREDNA =5 X =PI, SHD L) RFEHT =3V hgAIL, FEERIEL ok
tEZoNG, IN6DI Lo, HET— 2 I3MEENE T BB TR TH S LEZ OGNS,

# 3 £ D, Random Forest & AdaBoost (%, fli?) 4 DDFFITLERGHERERD F EOMEIMEL o/, B
EARZ R—2 L L7 AdaBoost [ZPRER KD T — & EAEDORMTBIN L TIFFICBIERTH D, BrEZEI L
PTWIEPHOEN TG, T/, REREHAADYE % Random Forest (&, #H T — % 234 wigEIc8
HEZEILPTVLIEDAONTVS, INSDFEICOWTUL, #MEEVPRAEL 70, SHMEEIMES
olztHZEZLNS,

I kD, Neural Network BHEOFHICE VT, FHEERIEOFIETH L I L3bh ok,

42 BHABEBIEEOBVARY MIOWTOER

4L, ENEINDMEROEAA XY FEIR LT, BRI RS FEV A18-29 TlE, 4 X
h, AEWNEE%MW7 Neural Network Z R\ AR TONEHIET, ELSOHINE I LIE—EL LD >
72, ¥7:, HEWIE% A7 Neural Network THEWHERTHESEL TWBE 2 005, A18-29 IFHL T
0.9996 &\ 9 EOWERCHAHI N, FX, 2k, oA Xy DT ) EREHEEEINTTZOD,
NEDRRETRSEIREZ > T AREIMEVWEEZEZ NS, Lo T, A1829 3Tk, FHEEICEbLS
T, MOBINLGMERBE ARV P THD I ENRRINT, TOA4 XY FPESFINSBB L LTS,
EBROELFMEBUL R WIEIETh o7 ®d, FREBERD 7 DRES TV IR EPET 6N,

£4D A1829 LIADA Ry MZDOWTHELET 5, 3, 4, 5 &b, A18-29 LERIC, ZDEIRIC
B Ao A Xy rownT ) AL EINEV 720, T6 DA Xy P OBESGBIFAEDEE TR Z -
TV AR IRV EE R 515, A21-12 BRI & > 7 b DD, PSD % > 7 Neural
Network i, IROHINHMEEIED - 7. RIS, A20-33 DRFBEICHEO ST, MBI N RIS
W3, PSD % lv>7z Neural Network (2 & 2 843 HilfER 13K, CORBETEBRIBINDG L3P hdo
7z, £ TA21-12 & A20-33 DA X MiE, PSD % H\>72 Neural Network 12 & > CTIEL { DHTE SR
BE, 20710, ZN6DA4 XY FOBESPFHERIEHOEEE, FHEICk2b07EE2161%, A10-33
1%, PSD Z W7 TS EHERED 1 18D - 7203, HEWNE 2 Ao cl3 B9 8MERIZ 0.5 225
0.8 FREEE o7, A21-41%, HEEIBZ 0B CIEE IR 1 ISED > 7243, PSD 2l gfic
X HERER DY 0.8 BREE L 2 b, PSD %\ > 7z Neural Network T, 0.230 L% ->7%. k-7, A10-33 &
A21-4 1%, RNSESBERDSE WD 0D, FHERICKX > THBICENT 25600 2HME 5o, Z0
i, ZNHDA XY OFESEHERENECEAIL, BRIk b0 EEZLND,

# 5 Tl&, PSD Moz nZ el E WA & 2o 72, Ffkic, ABEE2HOWE8ETY,
PSD £ hdAdwvwdbon, AUHEAPR SN, kb, HESBER, FEOEECROEMIEZ 21

BN H 5 2 LRI NI, PSD 2 WAL, AREEEHWIGEGD, FEI LM% KL %
BAETIE, HEOMHBIBRE SN NS L EY, AESEIIBOWT, FHOINAL, EOAR
YEPESEIN SR, FELDOREEICKRES(KET S LEIONS,

5 &

KX TEHEBSBICHE L 72 0 BFEE2 MR T 5720, A E OBBFEO B O K 21T > 72,
Z DfEH, Neural Network 1 & 2 3O HERED, AR CTHW A FEORTEIRbE Ko7, ZOF
FEEHVLHET, 7PN EINTORLA XY MIEBETI V2L TE S 2 Lafliffsns, e
T, Neural Network I08HD 7 7 ADMERTHIIZIN 270, WRMNEZOAEHA 0 V2 ERDTTETD 5.
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F7o, BHEEICHESHEEINEA RV MZHERHL, Z20MBOEHEZTY, BRORMICHEBL 2vwEkig, &
JR7 RUVDHESTWEA RV bPRRB L, 2 LT, BRI EOFEBEICRE(ERL T LD
ABI N, SHROFEE LT, SFICEL FIRORAPETO NG, JHUtk-> T, E5ICHEBERT
BRI RS e EZ oD, T, /JARELSEGATRARY M 2EOTOEBRLETF NG, KFEEIT
A RADV ARy P DR THEEGEEIT R T2, /A XL GEARARY FLED DI LT, EBRBAM
DANY FOHEEDREIC KD EEZA SN S,

HEF

KDY H 7> TEBDAWAIE 2T, EERARERHE DM R BTRICEH 72 L 7.
AWFE (DO—HF) (SHERIIIZE (257) FREGRRIEIIPIE 7 02 = 7 LIRSS Ty —> v
WE Yy T T =8 DI« G D 72 DERTERR O, 12X 5.
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DL VR IEE GAS DT — & ~_— R ERR - Bl
INBE SRR BT DHEE DT DI

el 2, mH PR, SPREEC?, AR
Database production and management of magnetometer GAS onboard Reimei
Satellite: Estimation of field-aligned current
Aoi MASUOKA™, Taku TAKADA™, Masafumi HIRAHARA™2, Kazushi ASAMURA™

Abstract

Reimei satellite contributes to the developments of auroral sciences, by the simultaneous observations of auroral emissions and
auroral particles. Within the limits of a small spacecraft mission, the main mission instruments are only the Multi-spectral Auroral
imaging Camera (MAC), the Electron Energy Spectrum Analyzer/Ion Energy Spectrum Analyzer (ESA/ISA), and the plasma
CurRent Monitor (CRM). The data analysis of the Reimei satellite is primarily conducted by using the two mission instruments
such as MAC and ESA/ISA. The Geomagnetic Aspect Sensor (GAS) is onboard the spacecraft for attitude control and it can make
output of high-time resolution magnetic field data. Because of lack of calibration it has not been possible to use GAS data for
scientific discussion. The noise level of the data is quite high, compared to the variation of magnetic fields in space, because the
magnetometer is not in an optimal position onboard the spacecraft. We calibrated the GAS data using coordinate transformation,
averaging, and offset subtraction. As the magnetic field variation of calibrated GAS data corresponds to the characteristics of
auroral particles well, it is considered to be affected by field-aligned currents (FACs). We can now estimate the FAC from the
magnetic field variations from GAS data. Based on the database of calibrated GAS data, Reimei data analysis is expected to make
progress, where three instruments can clarify aurora behaviors and the auroral particles, monitoring FAC effects. Finally, we note
that calibrated GAS data can detect even the effects of a weak FAC in spite of the large noise level of GAS raw data. This suggests
that magnetometers onboard other similar microsatellites may also be used for FAC studies.
Keywords: magnetometer, field-aligned current, Reimei Satellite

B

TWODUVERIY, A1 T RV IABRIFORRFNEZITS 2 & T, A—n IREORBICEHS LT /IVEEHmTh LT
O, HEI v a RIS R I I AT, F—nTRiTEllEs, 7071277 —T D 300K THY, FIA—mT A
T LRITBRRIERD 2 DD X v ¥ 3 UHEERC X 2wt RN S RO T — X FENT AL Chh o Te. —75, B OBIIEE GAS

(Geomagnetic Aspect Sensor) WD Z & C, EFRSHRIEDRSET —2 24> Z LN TE D, 12121, WlET—X OFESEIMT
bIVTELT, 2OFEETIIRPORGHN TX HDIRETII D oTlz. £, BIRHIFEARED B OERGE 250 OIS akE &
WCTBY, FHEMOBSGEIASTRE R ) A AR EE AT —5 L b, R, ST, 7]‘7‘12/ NHEE e E DT —Z
EETH 2T, WIRT —2 OSSR, —r ThiT7 —% LIEFIC ISR L, 1B RSB L A BEITR LT D
T LMD DI ZIUT R, BERASEN DIREE IR AMEE T 2 2 LAVTE S, BIE, GAS @%ﬁfw_é? DT =L _R—= AN +
B aAT>TND. GAS DT —F_R—2&FIHTH LT, A= T LT T ATRAIMNAT, IR AT B RIRH S5 =
EWTE, FVOOWVHET —H TR E RET D Z &I END. F12, /A AGORE BRI FITH-TH, NI IRENR

DB LD Z LIATETERY, B/IVEERE~OWIJFHERIZOWT, EEREREZR > TD.
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1. IILBHIZ

TVNDUVELREHENY, A —1 TR -EHIER ESA/ISA  (Electron Energy Spectrum Analyzer/Ion Energy Spectrum Analyzer) (25 -,
BT RRED A — 1 TR Z B LoD, ZEA—1 T HAF MAC Multi-spectral Auroral imaging Camera) 2LV, FEVIAZ
K2 oA —n 7 2T oI v a v Tho (1,2, 3], BINMERTHL720, mREMESOEROAEIXR v a AR
AENTOR, A —r TR LA —r T OBIRICBIT 2 EERRRE AR TE[4,5]. E6IC, IRTRERAHEE T DIEEA
BT =23 biuL, KEIROPTOWMA—1 T DIRDIENTONT, BEHAATNTARE T 5. 4 —r T &7 T A<k
DORIFFANZ 57= 57T, TV DURIEROZEAEREET B T2 DM IR GAS MRSV TR Y, FRNLE COMBRERRSEO TR E b &1,
LEAEZAT> TS, GAS 13, 200 Hz ¥ ) o 7 CRIRFRISIRREIC L DBERR HINEAT > TOD03, BEANRI b OFERS O5 8
ZRTRTONEIHI SN TR Y, FHERBHLANTRE 2/ A AP EENTOD. Eiz, S 7T—XITBL T, s
FCOBIHEN AR SAVTNDDAT, FENTR ARG AT ) Z LA TE AU/,

Fr—nr ZHr & HIERIEEPE OARBTANY, 10 REDIC L > TRE ZRENIERE A L TR Y, TOEREERETHZ L1E, 4—n
FEGD AT = A LDRFFINCDIeH D LB Z DD, VD RRFEEI AR BRI OIS, R B CHBIR & 2275
EIGEHNAIESIND. T ORI HREERNE, 77 A<RIAOFRUl L > THEREINTEY, R CHEINZT T A~<hitT—4% L1
KIST 5. MR, BETTECRIE S DREAZEN D IS RO R E SHPHEETE D, FWODWVERICIW Y, 77 A~kifT
— 2L O B TR IR RRETTC L 2 b ODEMHERT D T ENFRETH D, ZOFEEIEN LT, BESIEHOBI FHT &
BINEI RREETROREE D AIE A FHRD Z L3 TE 5.

AFFFETIE, IO ERITHSIR S NI GAS 7 — X R — 4 & LTI U I L, GAS 77— X ~—ADIERL - Bl 41T
o7, GAS 7 —X DIFABRAEAT Y, 7T A<hifT—# LT 25 Z LI LY, I IRERDEINHEE SN CND Z L 2 LT
[AYSN

2. WDV VR L RE/E GAS

FUODU VRIS, T O I L B HY Cd 54— OBEIAAT 9 729D SV R T 5. 11T,
FVNDOU VIR ORAT— 2 OEA773. 2005 FRTHTH EF B, @SR 650 km OWLEZE Y, 2012 FEE TERINZ. £<D
A1 T LR ALK - OB M EREDFIRHBIIT — % 8 L TRV, Zhb07—2OMifEidm . FEEHR s LT, &2
HHEIOD 72 DD O OFEERDMEFE AU TN D, GAS 1, BEIRTRATRR L C, LT A7 00 ks L LTSSz, #IFI
TaUERl LT, MAC[2], ESA/ISAL3], v 7' a7 e—7 CRWAEHEIN TS, ZE Tot—u TR /17T
%, FEITMAC & ESA/ISA WOG DT — T3l 72 o 7z,

1 AWODURIER O AT — &

L5 UL (INDEX)
Ik H 20054E8 H 24 H 6RE104y (FANENERE)
St HYT AL HFIE
ik B #I72 ke
TR #162X62X72 cm
il I VTHIAS 610 km  JEEHLE, 654 km
R 97.8 Ji¥
e WA
JEIEA 97 5y
TR OAZ—KT > (ST
@AY/ ) A BIRSE H (SSAS/NSAS)
BBEITEE GAS)
@) =87 7 A S Ux A1 (FOG)
G VT I a4 —L RN
O REE MVl (MTQ)
(N ZEREA—TTH AT (AC)
(8) A—r Zhi Tl (ESA/ISA)
Q) Fr 7277 a—7 (CRM)
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THREE Axis M
R AX AGNET
RS itz QUETER
0. 421y
el R;f:ENO. ZB378eR2

5
MEDA, INcORpae MFG: 00

)

L AU RERIERIE /IR (GAS)
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Application of data science techniques to disentangle X-ray spectral
variation of super-massive black holes'

S. Pike”, K. Ebisawa, S. Ikeda™, M. Morii >, M. Mizumoto ', and E. Kusunoki''
“nstitute of Space and Astronautical Science, Japan Aerospace Exploration Agency, Japan

“Research Center for Statistical Machine Learning, Institute of Statistical Mathematics, Japan

Abstract

We apply three data science techniques, Nonnegative Matrix Factorization (NMF), Principal Component
Analysis (PCA) and Independent Component Analysis (ICA), to simulated X-ray energy spectra of a particu-
lar class of super-massive black holes. Two competing physical models, one whose variable components are
additive and the other whose variable components are multiplicative, are known to successfully describe X-ray
spectral variation of these super-massive black holes, within accuracy of the contemporary observation. We hope
to utilize these techniques to compare the viability of the models by probing the mathematical structure of the
observed spectra, while comparing advantages and disadvantages of each technique. We find that PCA is best to
determine the dimensionality of a dataset, while NMF is better suited for interpreting spectral components and
comparing them in terms of the physical models in question. ICA is able to reconstruct the parameters respon-
sible for spectral variation. In addition, we find that the results of these techniques are sufficiently different that

applying them to observed data may be a useful test in comparing the accuracy of the two spectral models.

1 Introduction

Narrow-line Seyfert 1 galaxies (NLS1), a particular class of super-massive black holes, are known to exhibit high
X-ray luminosity (Boller et al., 1995) as well as a broad iron fluorescence line and edge feature around 6.4 keV
(Fabian et al., 2000). Their X-ray spectral variation has been primarily explained by two different physical models.

The first is the relativistic “disk-line model” (e.g. Tanaka et al., 1995). According to this model, X-ray spectral
variation is the result of changes in the geometry of the X-ray emitting region in the very vicinity of the central
black hole. In particular, this model claims that changes in the height of the very compact X-ray source (a.k.a.
“lump-post”) account for spectral variability, and the broad iron features result from gravitational redshift and
Doppler shift of emission lines originating via fluorescence in the innermost part of the accretion disk (Fabian
et al., 1995). Mathematically, the observed X-ray flux predicted by this model may be written as the sum of the
observed X-ray flux originating from the compact X-ray source, represented as a power law, the flux originating
from the accretion disk, represented by a multicolor blackbody distribution, and the flux originating from reflection
off of the disk:

F(E,t) = Af(E)(Np(t)P(E) + NgB(E) + Nr(H) R(E)) ()

Where A; is the effect of interstellar absorption, Np(t), N, and Ng(t) are normalization factors, P(E) is the
power-law component, B(E) is the blackbody component, and R(F) is the disk-reflection component. Observed
spectral variation is mostly explained by changes in the normalization of the power-law normalization, Np(t), and
that of the reflection component, Ng(¢).

The second model, known as the “variable double partial covering (VDPC) model”, instead posits that the
characteristic spectral shape of NLS1 results from partial absorption by warm intervening absorbers, presumably
composed of two layers of different ionization levels: an optically thicker low-ionized inner layer and an optically

thinner high-ionized envelope (Mizumoto et al., 2014). According to the VDPC model, observed spectral variation

doi: 10.20637/JAXA-RR-16-007/0007
SRk 28 42 11 H 24 H3ZA+ (Received November 24 , 2016)

"I Based on observations obtained with XMM-Newton, an ESA science mission with instruments and contributions directly funded by ESA
Member States and NASA.
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is the result of changes in the partial covering fraction, o, which quantifies the extent to which the X-ray emitting
region is partially occulted by the intervening clouds. Because the model predicts that X-rays originating from the
emission region are affected by variable absorbers, this model, unlike the disk-line model, is multiplicative. It may

be written as:

F(E,t)=Ar(E)(1 - a(t) + a(®)W,(E)(1 — a(t) + a(t)Wi(E))(Np(t)P(E) + NgB(E)) 2)

Where W,,(E) and Wy (E) are the effects of the optically-thinner high-ionized absorbers and the optically-
thicker low-ionized absorbers, respectively. Distributed, one can see that the model can be written as a linear

combination of non-independent spectral components:

F(E,1) = Ar(B)(1—a())2+a(t) A—a(t)) (Wa (E)+ Wi (B)+a2 () Wi(EYW, (B)) (Np (1) P(E)+Ng B(E))
3)

In this formulation, there is an uncovered component with coefficient (1—«(#))?, a partially covered component
with coefficient a(¢)(1 — (t)), and a fully covered component with coefficient o(t). In this model, most spectral
variation is explained by the variable partial covering fraction, «(¢), as well as the normalization of the power-law
component, Np(t).

Observed static X-ray spectra of NLS1 fit both models well. Therefore, the models must be compared via
methods other than simple spectral model fitting. One such method is to probe the mathematical structure of
observed spectral variation. Certain features, such as the number of spectral components necessary to reproduce
the observed variation or the shapes of such components may differ depending on the X-ray production mechanisms
involved.

The spectral data may be represented by 2D matrices with row indices corresponding to time and column
indices corresponding to energy. Thus, there exist basis vectors which may be linearly combined in order to
reproduce the original data matrices. In the case of AGN spectra, these basis vectors are spectral components whose
combinations approximate the original spectra. In other words, the problem of determining spectral components
may be approached as a two-dimensional matrix factorization problem.

Among many matrix factorization methods, Nonnegative Matrix Factorization (NMF), Principal Component
Analysis (PCA), and Independent Component Analysis (ICA) are most widely used in astronomical problems, and
each is known to have advantages and disadvantages for different problems (Ivezic et al., 2014). For this reason,
we try NMF, PCA and ICA to solve our X-ray astronomy problem.

In order to better understand these advantages and disadvantages and to determine how these techniques may
perform when applied to the spectra produced via the two physically different models, we produced simulated
spectra and applied the above data science techniques. Below we describe the methods of simulation, provide an

overview of each of the techniques, and discuss the results of each of the data science techniques.

2 Data Simulation

In order to understand the behavior of the data science techniques when applied to astronomical data, we simulated
data according to the disk-line and VDPC models. First, the model parameters were chosen to fit the average spec-
tra of the NLS1 MCG-6-30-15 obtained during simultaneous observation by NuSTAR (Harrison et al., 2010) (ID:
60001047002, 60001047003, 60001047005) and XMM-Newton (ID: 0693781201, 0693781301, 0693781401) be-
tween January 29 and February 2, 2013. In addition to the models represented by (1) and (2), a static full-covering
ionized absorber, which produces many absorption lines, was also required to fit the spectra. During simulation, all

but two parameters were fixed to be the average of their respective fitted values. In the case of the disk-line model,
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Figure 1: X-ray spectra simulated according to the disk-line and VDPC models.
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Figure 2: Parameters varied during simulation of X-ray spectra according to the disk-line and VDPC models.

the two parameters which were varied were the normalizations of the power-law and reflection components. All
fitting and modeling were done using xspec (v.12 Arnaud, 1996).

In the case of the VDPC model, the normalization of the power-law component as well as the partial covering
fraction were varied. Normalization factors were varied by choosing random values from logarithmically uniform
distributions between 10 and 0.1 times their average values determined during fitting. The partial covering fraction
was varied by choosing random values from a uniform distribution between 0 and 1.0, exclusive. One hundred
spectra were simulated for each model (Figure 1). Note that spectra simulated according to the VDPC model
exhibits more variability in the soft X-ray regime and the iron edge and line features around 6.4 keV are more
pronounced, while the absorption lines in the soft X-ray regime are far more pronounced in the spectra simulated

according to the disk-line model. In Figure 2 we plot the parameters varied during simulation.
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Figure 3: Quality of factorization of simulated spectra by NMF.

3 Nonnegative Matrix Factorization

3.1 Overview of the method

The goal of Nonnegative Matrix Factorization is to factor a matrix into two matrices with nonnegative entries(Paatero
& Tapper, 1994):
X=WY “

Where X is the original data with n rows corresponding to variables and m columns corresponding to samples or
vectors. All the matrix elements of X have non-negative values, as they correspond to the original photon counts
(e.g., not taking logarithm) per spectral bin. W has r columns which may be thought of as basis vectors, while Y
consists of coefficients which specify how these basis vectors should be combined in order to reproduce the original
matrix. In general, the goal of NMF is to factor X such that » < m, thereby reducing the dimensions of the data.
NMF is particularly well-suited to the analysis of spectra and other physical quantities due to its lack of negative
values. This constraint produces results whose physical meaning can be interpreted in the case of observations such
as photons counts which are inherently nonnegative, and the technique has been used in studies of subjects ranging
from audio decomposition (Brown, 2003) to X-ray spectral decomposition of neutron stars (Degenaar et al., 2016).
Ideally, a spectral decomposition method would break observed spectra into independent components which could
be compared to spectral models, but the basis components extracted by NMF are not guaranteed to be independent.
This means that the components may be linear combinations of independent sources, such as blackbody radiation

from the accretion disk and power-law radiation from the compact source.

3.2 Application to the simulated datasets

We applied Lee & Seung’s (Lee & Seung, 2001) NMF algorithm to the simulated disk-line and VDPC data using
the R package, “NMF” (Gaujoux & Seoighe, 2010). The algorithm was applied for ranks two through eight, with
the number of runs set to 30 for each rank. The quality of each factorization is measured by a chi-squared metric
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Figure 4: Spectral components of disk-line spectra and corresponding mixing coefficients as extracted by rank 3
NMF.

given by

nm

The dimensionality of the input data can be estimated using NMF by observing the evolution of this metric with
increasing rank. If a “knee” is observed, where increasing rank results in only small decreases in the metric, then
the data can be said to be described well by, at minimum, the number of components which corresponds to the
location of the knee (Koljonen, 2015). In addition, the spectral components determined by NMF may be useful in
analyzing the mechanisms of X-ray production.

3.2.1 Application to the disk-line model

When applied to data simulated according to the relativistic disk-line model, the results of NMF show a clear
increase in the quality of reproduction when the rank of the resulting matrices is increased from two to three
(Figure 3a). The chi-squared metric used to measure the quality of factorization decreases by more than two
orders of magnitude between ranks 2 and 3, but when the rank of the resulting matrices is increased from 3 to 4,
the increase in factorization quality is much smaller. Past rank 4 NMF, changes in factorization quality remain
relatively small. Therefore, NMF indicates that data simulated according to the disk-line model may be accurately
reproduced by at least three spectral components. Figure 4 shows the spectral components and mixing coefficients
resulting from rank 3 NMF. Importantly, NMF does not specify the order of its resulting components, so the
order in which we list the components has no significance. The first component, shown in black, appears to be
dominated by the blackbody component, which makes up the hump at energies below 1 keV, and the disk reflection
component, which makes up the wider hump at energies above 1 keV. Furthermore, an iron edge and line, features
explained by reflection off the accretion disk according to the disk-line model, are relatively prominent around
6.4 keV in the first component. The second and third component, in contrast, appear to be dominated by the
power-law component with slightly differing contributions by the blackbody component in the soft X-ray regime.
These interpretations are further solidified by the resemblance between the mixing coefficients and the simulation
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Figure 5: Spectral components of VDPC spectra and corresponding mixing coefficients as extracted by rank 5
NME.

parameters. It is important to note that although we varied only two components with time, the results of NMF
suggest that three spectral components are necessary to fully reproduce the input spectra. This may be due to
the third, blackbody component of the model. Since it does not vary in time, it is independent from the other

two terms, meaning that it cannot simply be absorbed into the other two components. Thus NMF may require a
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third component so that, when combined, the total blackbody contribution remains constant. Because NMF has no
information regarding the components which produced the input spectra, it is unlikely to separate out a constant

blackbody component among all possible factorizations.

3.2.2 Application to the VDPC model

The results of the application of NMF to spectra produced according to the VDPC model are more difficult to
interpret. First, in plotting the chi-squared metric of the NMF results (Figure 3b), it is difficult to determine the
location of a knee. There is a relatively large increase in the quality of the factorization when the rank is increased
from 4 to 5, but the metric continues to decrease until the rank reaches 7, the location of the lowest value of the
chi-squared metric. However, the decrease in the metric between ranks 6 and 7 is small compared to the changes
between lower ranks. Therefore, the minimum number of essential components appears to be five or six. In
Figure 5 we show the results of rank 5 NMF. The terms of the model do not appear to be cleanly split among
the components. The first component, shown in black, contains features which resemble both the “full-covering”

term with coefficient a2

as well as the “partial-covering” term with coefficient a(1 — «), shown in Figure 6.
Specifically, the strong iron edge feature as well as the hump visible at energies just above the iron edge are
features which belong to the full-covering term. The hump occurring at energies above 1 keV on the other hand
is a feature visible in the partial-covering term. This feature is also prominent in the fifth component, shown in
cyan, and visible but less prominent in the third component, shown in green. All of the components feature the
blackbody distribution, dominant at energies below 1 keV, and the second, third, and fourth components appear to
be dominated by the power-law component at higher energies. This mixing of terms is also reflected in the mixing
coefficients. All of the light curves have similar features, such as a dip around ¢ = 27 or the large spike near
t = 58. While the light curve of the first component does resemble the power-law normalization, the other curves
do not appear to directly correspond to either of the parameters. This behavior can be attributed to the fact that
the VDPC model is multiplicative while NMF decomposes the input spectra into additive components. Thus one
would expect the VDPC spectra to be represented as a linear combination of associated spectral components, as in

Q).
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Figure 8: First three principal components of the disk-line spectra and corresponding rotation coefficients.

4 Principal Component Analysis

4.1 Overview of the method

Principal Component Analysis is one of the oldest and most widely used techniques of dimension reduction (Jol-

liffe, 2002). Whereas NMF aims to simply factor a matrix, the goal of PCA is to rotate the coordinate axes of

a given data set such that the variance along the resulting axes is maximized (Ivezic et al., 2014, pg. 292). In

other words, PCA attempts to rotate the data in such a way as to compress information into as few orthogonal
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Figure 9: First five principal components of the VDPC spectra and corresponding rotation coefficients.

components as possible. The technique may be written as
U=XV (6)

Where X is the input data, the columns of which are individual vectors, V' is the rotation matrix, and U is the

rotated data, the columns of which are the new coordinate axes, or principal components. Unlike the matrices
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produced by NMF, U has the same dimensions as X . Instead of determining arbitrary components, PCA ranks its
resulting orthogonal axes according to the standard deviation of the data vectors with respect to them. In terms
of spectral data, if the input spectra exhibit a high variance with respect to a specified axis or spectral component,
then that component may be said to explain much of the variation in the original data. Thus, the dimensionality
of the data can be estimated in addition to the relative contributions of each component. Because PCA does not
constrain the rotated axes to nonnegative values, it is able to estimate the number of dimensions more accurately
than NMF, but the resulting axes may not resemble real spectra. Therefore the spectral components produced by
PCA may be more difficult to interpret than those of NMF.

4.2 Application to the simulated datasets

Because of the drawback explained above, PCA’s most important function in comparing the disk-line and VDPC
models is in determining their dimensionality. If PCA rotates observed spectra into the same number of compo-
nents as it does data simulated by one of the models, that may be an indication that the model correctly describes
the mechanisms of X-ray production in NLS1.

We applied PCA to the simulated data sets using the R function, “prcomp” (R Core Team, 2015). It is important
to note that the input spectra are centered before the data is rotated. In addition, the first component returned by
PCA is the mean of the centered spectra. As such, higher order components may be considered measurements of

deviation from the mean.

4.2.1 Application to the disk-line model

Similarly to NMF, PCA reflects the fact that the disk-line model consists of three components. Again, the presence
of the constant blackbody term in the model constrains the results so that two components are not sufficient.
As shown in Figure 7a, the standard deviations corresponding to the lowest order three principal components lie
between unity and 0.001, while the standard deviations of all higher order principal components lie below 10~6.
The fact that the number of the principle components is “three” corresponds to that there are three independent
additive terms in equation (1).

While the spectral components are difficult to interpret, other than the prominent emission line near 6.4 keV,
due to the fact that large portions of the values are negative, we can look to the rotation coefficients to determine
whether certain components correspond to specific terms of the model (Figure 8a). The coefficients corresponding
to the first order principal component resembles the power-law normalization, while the coefficients corresponding
to the third order principal component resemble the reflection normalization, inverted (Figure 2a). The second

order coefficients, however, are not immediately recognizable.

4.2.2 Application to the VDPC model

In contrast to the results of NMF, when applied to the VDPC spectra, PCA clearly indicates that the model has five
principal components. The five lowest order components have corresponding standard deviations between 10~*
and around 0.1, while all the higher order components have standard deviations around 10~ and below, with a
difference of five orders of magnitude between the fifth and sixth order standard deviations (Figure 7b). The fact
that the number of the principle components is “five” corresponds to that there are five additive terms in equation
(3).

As with the disk-line results, the spectral components, shown along with their corresponding rotation coeffi-
cients in Figure 9 do not resemble real spectra because they largely consist of negative values, but certain features

are clearly visible. For example, the iron line and edge features are prominent in the fourth and fifth components,
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(a) Independent spectral components. (b) Mixing coefficients.

Figure 10: Independent components of the disk-line model determined by ICA.

shown in blue and cyan, respectively. The rotation coefficients do not immediately associate any of the compo-
nents with specific parameters, providing further indication that the terms of the model are not cleanly separated
by PCA.

S Independent Component Analysis

5.1 Overview of the method

Independent Component Analysis is similar to PCA in that it too rotates a matrix into a new set of coordinates.
Unlike PCA however, the goal of ICA is to rotate a set of data samples such that they are statistically independent
from one another. Given the matrix, X, the columns of which are individual data samples, ICA attempts to

determine matrices A and Y such that the columns of Y™ are statistically independent and

X =AY @)
In addition, ICA computes the inverse of A, call it W, such that

Y =WX ®)

W and A are referred to as the unmixing matrix and the mixing matrix, respectively, because the observations, X,
are considered to be mixtures of statistically independent sources, Y. Statistical independence here is defined by
probability densities of the samples. Consider two random variables, y; and y2, with probability densities p1 (y1)
and pa(y2). If the joint probability density, p(y1,y2) can be written as the product of the individual probability
density functions, then the variables are said to be independent (Hyvérinen & Oja, 2000).

In the case of spectral analysis, ICA cannot be applied directly. The goal is not to determine spectral compo-
nents whose shapes are independent from one another, but instead to determine components whose light curves,

or relative contributions, are independent from one another. In other words, changes in the contribution of one
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Figure 11: Independent components of the VDPC model determined by ICA.

component should provide as little information as possible about changes in the contributions of the other com-
ponents. Thus, light curves must be determined by a different method, then these time series may be rotated into
independent components. A good first step then is to find the principal components of the spectra via PCA. The
rotation matrix returned by PCA may be interpreted as a set of light curves which may be rotated by ICA. In terms
of the notation used here, the columns of the rotation matrix V' (alternatively, the rows of the transpose of V') are
time series which specify how the principal components of X are to be mixed in order to reproduce the observed

data. The transpose of V' may be rotated into independent sources such that the results of PCA may be rewritten as
X =UAY ©)]

Now, the columns of the product U A contain the independent spectral components which, when mixed by Y,
produce the observed spectra contained in the columns of X.

5.2 Application to the simulated datasets

By this method, the results of PCA may be improved upon in order to probe the independent mechanisms of X-ray
production in NLS1. ICA may be particularly useful in determining whether the disk-line or VDPC model better
explain observed spectra because the VDPC model predicts that the spectral components are not independent. The
uncovered component, for example, is by definition directly anti-correlated with the fully covered component. In
contrast, the disk-line model is a simple sum of independent components. Therefore, we expect ICA to be able
to identify unambiguous independent components in observed data if the disk-line model is correct. ICA should,
however, be less successful at determining independent components of the VDPC model.

We first applied PCA to each of the sets of simulated spectra. In order to compare the results of ICA to the
simulation parameters, the first two principal components were centered and rotated using the “icafast” function
provided in the R package “ica” (Helwig, 2015). After rotation, the results were uncentered. This method results in
two independent components whose light curves may be compared to the independent parameters which were used

in simulation. As Figures 10 and 11 illustrate, the spectral components determined by ICA are difficult to compare
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to the input spectra. Several of these components cross the x-axis, a feature that is unphysical. In addition, the
first component of the disk-line results has a shape, like that of the second principal component, which does not
resemble the simulated spectra. However, we find that the coefficients corresponding to each of the independent
components are in very good qualitative agreement with the simulation parameters. This can be seen quite clearly in
the case of the disk-line model, where the first independent component appears to correspond to the normalization
of the reflection component, while the second component corresponds to the power-law normalization (Figures 2a
and 10b). In the case of VDPC, the coefficients resulting from ICA also resemble the original parameters. Although
not as striking as the results in the disk-line case, it is clear that variation in the first independent component
corresponds to changes in the power-law normalization, while variation in the second independent component
corresponds to changes in the partial covering fraction (Figures 2b and 11b). In other words, with some limitations,

ICA is able to reconstruct the parameters which are responsible for spectral variation.

6 Discussion

Our analysis makes clear some of the advantages and disadvantages of PCA, NMF, and ICA with regards to spectral
analysis. While the spectral components resulting from NMF are more easily interpreted and spectral features are
more visible than in those resulting from PCA, the latter is better for estimating the dimensionality of the data
being analyzed. ICA, on the other hand, produces spectral components which are difficult to interpret, but whose
mixing coefficients provide a good estimate of the variable parameters in each spectral model.

Determining the number of essential components via NMF involves choosing an appropriate metric to measure
the quality of factorization as well as careful consideration of the evolution of this metric with increasing rank?.
Both of these steps can introduce bias, whereas PCA ranks the principal components by standard deviation and is
able to more accurately factor the data due to the allowance of negative values in its results. ICA inherits the latter
of these qualities, but is unable to rank components because each independent component is a mixture of principal
components.

In addition to comparing the results of NMF analyses of different ranks, the chi-squared metric may also be
used to compare the quality of PCA’s results and those of NMF. We find that the disk-line spectra reproduced using
only the first three principal components have a chi-squared value of 4.2 x 10~ '° while the spectra reproduced using
the results of rank 3 NMF have a chi-squared value of 1.1 x 10~9. In the case of the spectra simulated according
to the VDPC model, the spectra reproduced with the first five principal components had a chi-squared value of
8.3 x 1072Y and the spectra reproduced with the results of rank 5 NMF had a chi-squared value of 2.0 x 107!, In
other words, PCA consistently factors the data more accurately by several orders of magnitude.

In addition, the spectral components produced by NMF sometimes exhibit nonphysical behavior in areas where
the rank of the input spectra decreases. For example, the shape of the VDPC model at energies above 20 keV
may be described entirely by the first component. Accordingly, the other components show zero flux above 20
keV. In the case of the disk-line model, although the first component shows no unexpected behavior, the second
and third components returned by NMF exhibit a relatively high level of variability between around 5 and 50
keV. In fact, in some runs of NMF we have observed results in which two of the spectral components show no flux
in this region only to return to a level of flux comparable to that of the first component above 50 keV. It may be
possible to remedy this behavior by utilizing an NMF algorithm that searches for smooth components (e.g. Yokota
et al., 2015), but this may decrease the accuracy of factorization, especially in the soft X-ray regime where multiple

absorption and emission lines are observed.

2We have noticed that there are attempts to choose the most desirable NMF rank based on objective statistical criteria, such as Akaike’s
Information Criterion (AIC) (e.g., Watanabe et al., 2012).
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7 Summary and Conclusions

In order to gain a better understanding of data science techniques in the context of X-ray astronomical spectral
analysis, and to determine their usefulness in comparing spectral models, we applied Nonnegative Matrix Factor-
ization (NMF), Principal Component Analysis (PCA), and Independent Component Analysis (ICA) to time-series
of simulated X-ray energy spectra. Simulation is made according to the competing “disk-line model” and the
“variable double partial covering (VDPC) model”, both of which can explain observations of Narrow-line Seyfert
1 galaxies (NLS1) equally well (Figure 1). Only two spectral parameters are made independently variable, such
that in the former the variable spectral components are additive (1), while in the latter they are multiplicative (2).

When we applied NMF and PCA to the simulated data we found that PCA is able to clearly determine the
dimensionality of the models (Figure 7), while determining the minimum number of spectral components using
NMF is more difficult and requires more careful consideration of the results (Figure 3). NMF, however, is able to
produce spectral components which are more easily interpreted due to its nonnegativity constraint (Figures 4a and
5a). Our results also indicate that ICA may be used to probe evolution of the independent parameters which drive
spectral variability (compare Figures 2a and 10b , and Figures 2b and 11b).

In the case of the disk-line model, PCA gives number of the principle components correctly as three (two
variable components and one constant component), and NMF, assuming the rank three, reproduce the individual
spectral components. On the other hand, in the case of the VDPC model, PCA requires as much as five principle
components while only two parameters are made variable in the simulation, and the results of NMF are more
difficult to match to components of the model due to its multiplicative structure. This difference may make NMF
and PCA particularly well suited to testing the comparative viability of the additive (disk-line) and multiplicative
(VDPC) models. If observed data require less than five principal components by PCA, and the results of NMF re-
semble the reflection and power-law components, then the additive disk-line model should be favored. If observed
data instead requires at least five principal components and the components produced by NMF resemble the partial
covering or full covering terms, then the multiplicative VDPC model should be favored.

Before application to observed data, however, the data science techniques should be applied to simulated data
which more closely resembles observed data. In order to understand how the techniques respond to noisy data,
error should be included in the simulated spectra. As such, our next goal is to produce simulated spectra which
reflect the predictions of each model as accurately as possible, in order to gain a thorough understanding of how
the above techniques should be expected to perform when applied to real data. Given the promising results we
have obtained thus far, our eventual goal is to apply NMF, PCA, and ICA to observed data in order to determine
whether the disk-line model or the VDPC model better describes the mechanisms of X-ray production in NLS1.
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Abstract
We have continued to develop the space science technical documents, photos, and films database
since 2007, for the purpose of preventing the dissipation of valuable technical materials that has
been accumulated in Institute of Space and Astronautical Science (ISAS) and promoting the share
and the effective use of the materials. We report developments in the database and the materials
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Verification of Extreme Time Reduction for Earth Observation Satellite
Data Re-processing with JAXA Supercomputer
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Abstract

Observation by satellites orbiting around the Earth is an important tool for scientific study of global
changes. Observation data are reprocessed almost every year according to progress in computation model to
obtain physical information from observation. The amount of observation data grows day by day. This yields
longer and longer time to reprocess the data. However, data latency is an important subject because quick
access to earth observation data considerably encourages research into global environment changes and their
effects to our society. On this point, JAXA Supercomputer System Generation 2 (JSS2) helps us to solve the
problem since it can enhance throughput of data processing by using a number of computing nodes. First, we
have utilized JSS2 for reprocessing of IBUKI (GOSAT: Greenhouse gases Observing Satellite) observation
data. IBUKI was launched on Jan. 23rd, 2009, and the data during 6.5 year period has been reprocessed in
Nov. 2015. We obtained incredibly high throughput; 30 nodes (360 cores) of Pre-Post system of JSS2 were
assigned and resulted in 33 times faster latency. Next, we have used JSS2 for GPM (Global Precipitation
Measurement) Core Observatory that was launched on Feb. 28th, 2014. The data during 2.2 year period has
been processed and 4 times faster latency was achieved in June 2016 by using 3 nodes at a maximum. As a
conclusion, it is shown that JSS2 is a powerful tool to improve data latency of Earth observation data.
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Conversion of the MRO/MCS data into netCDF format and gridding of them for analysis
and visualization by the use of GrADS
by
Katsuyuki Noguchi*! and Hiroo Hayashi*2

Abstract
This paper presents a method to process data obtained by Mars Climate Sounder
(MCS) onboard Mars Reconnaissance Orbiter (MRO). The method includes two steps;
the first step is the format conversion of original text data into netCDF (Network
Common Data Form), and the second step is gridding of the data to be available for use
by Grid Analysis and Display System (GrADS). The method proposed here will
contribute to multidisciplinary use and/or educational use of such data for the Martian

atmospheric science.

Keywords: netCDF, GrADS, Mars, atmospheric science, visualization
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ga> xdfopen ddr_mrom_clim_my31_n.ctl Temperature : MY=31 : Ls=90
ga> set gxout grfill 3

ga> set lon 0 360

ga> set lat -45

ga> set zlog on

ga>setz 1105

ga> set ylevs 1000 500 200 100 50 20 1052 1
0.5 0.2 0.1 0.05 0.02 0.01

ga> lsset 90

ga> d tga> run cbarn 0.7 2 6.2 0.2

ga> draw title Temperature:MY=31:Ls=90
ga> draw xlab Longitude [deg]

ga> draw ylab Pressure [Pal

Pressure [Pa)
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— 12:05 wao wzbw 60N b
Lonﬁitude deg]
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Visualization of “Hayabusa2” and “Akatsuki” trajectories with WebGL in real-time
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Abstract

We have developed real-time visualization tools on web browsers for “Hayabusa 2” Earth
Swing-by at 3, Dec, 2015 and “Akatsuki” Venus orbit insertion at 7, Dec 2015. These
simulations used the data which is open to the public released by JAXA / ISAS or other
sources.
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Development of Dagik Earth to utilize digital globe

for various purposes

Akinori SAITO*'  Takuya TSUGAWA **  Hiroki ICHIKAWA*®  Takuya SHIMADA **

Abstract

Three-dimensional digital globe that uses a spherical screen can display the time series
of Earth and planetary science data, and space science data in 3D. The usage of it has
been limited in large-scale science museums because the system is complicated, and costs
many resources. A digital globe system, Dagik Earth, has been developed to utilize it for
various purposes with low cost. Dagik Earth consists of 1) computer 2) PC projector 3)
spherical screen, and 4) controller. Various sizes of spherical screens from 8cm to 16m,
and various types of controllers, such as track-ball, touch-pad, and game-controllers
can be used for Dagik Earth. Three types of digital globe software have been developed.
“Chikyu Kuru Kuru (CKK)”is used on PCs with Windows and Mac.“Dagik earth On
theWeb (DOW)”is executed onWeb browsers on various devices.“Dagik Earth Appli”
is for iPad tablet device. Using these software, Dagik Earth can be used with various
type of computers including tablet PCs and smart phones. All of these three Dagik
Earth software use a common set of data and image files. The set of data and image files
consist of 1) surface map image files, 2) caption image files, and 3) configuration files.
Users of Dagik Earth can create and present their own set of files. Dagik Earth enables
to utilize digital globe in classrooms and science exhibition for which the conventional
large-scale digital globe cannot be used.

Keywords: digital globe, virtual globe, 3D visualization, Earth and planetary science,
public outreach
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RHLONRHNLNTWD., RRTNA A ETHEITENDZ Y v « T—AFRY 7 ML, 1
Windows & 0" Mac #5880 /XY a2 o TEITNTEHHX Vv 7 « T—AFK Y 7 & [Chikyu
Kuru Kuru(CKK) |, 2) £< OF A A LD =775 7P TEITNTE S [Dagik earth On
the Web (DOW)J, 3) ¥ 7 L v MK iPad TEITNTZD ¥V v 7 « T—A 77V | ®3
ONRFABENTEY, ZEERFRT AL ATOETNAEETHD. WTFhOERY 7 FbFE-—
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DBIWIER LERTHZELHRETHDH. WERIFRONTZRFHEOALTHELIL TV T U
JSTIRHIEREE N 2 7 7 — AL K o THEIR TORESCEFEA RV M ESR7RBREE CHEii ©
X HUAT AN ST,

1 BFL&IC

MERFEZ Y 7 b v =7 THEIEL T 5 Virtual Globe ~ 7 k% 2004 /A8 D NASA (2 Xk 5
World Wind" 1= & » THIBREE BT — Z O ol LIV b5 K 912720, 2005 EARO
Google | & % Google Earth? (2 k> Tk WAL FIHENS L 51272 -7 *. GoogleEarth (%
Keyhole Markup Language(KML) CitiR L7277 A L& WD Z & Ta—V —NEEA T
vz 7 h% Google Earth LICERRSEDLZENEFS THY, #HEKB ST —& OnH kiz£ <
Mnbinsd koicieo7z. Saito 5L KML 7 7 A L& W2 sk B B2 T — & o v it 7 —
H _— 2T % Dagik ZBIF L Y, #Ex 727 — & @ Quick Look( ffi 5 #75%) % Google Earth
ETRRTEDBRELHE LY.

[FIFIC Saito 513 Virtual Globe ¥ 7 FOFRHEH 2 PC 7 v Y= 7 4 —Z2 W TERED A
TV =T DHIET, TUXNNEMEKER RN TEDHEEERL, ¥V v T - T—
2 & LT™ 20RMBRBEORFEEZED . 7 VX ASIIRHEREE & IZERIEOSET 4 27 LA 12
HER G 0T — X #FRmTHH DT, HEROMEREICLE R TERBEBRZIHNICEEST L LN
FRECEARR T — X DFRREITH T N TEX 5. F7 Virtual Globe Y 7 MZ X5 FmET 4 A
T LA TORRTIE, KRl THLHMEROIBRITIAFH A2 RRT DL ZIZFIRESPHATE
IRENDDIZHKT L, T VX NWANARHERE TITHER AR EZ E L WRIRCTERTDHZENTE DM
DR CTH L. £, FHPOHERZ B2 X0 2 S THIER SR ZMkD 2 Z LN ARETH D720,
— XA OREREM E L TE L TWD., XYy« 7T —ADORMOERIT 2007 4F H A HER K
EREHEAEARIARICB W TER S L.

FOHNATEMEREE L LTI, HARFEARRAE N KA D & 25 45T % Geo Cosmos” % BH%E -
HEHALTEBY, kEKGKMETER (NOAA) (2 X 5 Science On a Sphere (SOS) /3% < OF} AT
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ARRIZBNTIE, ZOXIREEEEZFEBRT HDOF Y7 - T—ADY 7 vy =TT
SONWTERRT S, FTHY YT - T—ZADI AT ATONWTHBLL, FO2 27 AR -
ﬁ%%ﬁ& F D%, FOREEMMRT DHT-DDL AT LAEa LT oY O, Foaw

7 N =TT TR D,

2 YIvY - TF—R AT LDIEBREEE EHRFELDRE

By« T—RZ K DT VX NANERREREORE % Fig. 1 (TR L7z, Z£XIE 2011 48 A
2samﬁﬁﬂ$@%%ﬁﬁbnt BRORTTh L. ARIFANCERE SN ERE 2m O EFE
DERFEA TV —AZHPBICRE SN PC a2 X —Mh o &Y L‘(b\é 77V NG
T IET R, 4VF’ﬂitEW®%%&1%ﬁé X 5 EEBEH SNTWD, Ekm
FIZELWERTERZENTHD Z R0 n5. FROBEEN, %Lm%éhtEmmﬁﬂ
DT —barybua—7— 2R, MEREBRLEELREDL, TOEMOHAHE LV iz
TWABIRIMTHD. PC Fuy=r Z—LXY a3 30 EIZEEINTWD. AL, HNED
IZPC 7 vxy ¥ —% K LT ISR E LT @%#%%17) VT B R LT
HHTHDH. ZOHEIEERT AL A/ Rary ba—F—L LTH T Ly MK iPad 2 H
LTW5.

7AY VY —HE
B o -

Figure 1: #Y v 7 « T—RZ X AF V2SR MERERRE () EEom BKERA 7 U —
ERB () BEEENEREA 7 U — G

B« T —ADOIRORERZ Fig. 2 (\Z Lz, WRERIL, 1) #1734 A, 2) PCT
0yl H—, AV —, 4) ar ba—TF—D 48 ThHDH. TmT /A A Iy ay,
AT Ly MR ETHY, Z O T Virtual Globe Y 7 N THAHIE I v F « T—AEKRY
T INNEITEIND. BT FTIEEREAZ UV — &Y LTERFICE LWBRICE RSN D E
THIRmEBZER R L TEY, TOEBIIERINTE PC Yoy Z—ICH1sh, EREX
I U= NIER IS, Ay b —T —[XRART A RATERE S, R Y 7 NOBRIEIZHN
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LS. ZOBRELIE, ForRINDHERBEBOREERR EOBRIES, ForIndar sy ok
RipETHD. Fig. 1ITR LI TIE, BEICEYKESE CEIEL T ARED S —La fr—
T—=DHWLILTWS.

RRTINA R BRI ) —>
(PC. #7Lwvh) '

Figure 2: #¥ w7 « 77— ZADOERIS

SRR BRE CT VX NMANRHEIEZ BT 572012, 2 ORRT AL A3 TH T &
WU AT LAOBBIZBWTCHEE SN, TORDOX Y v 7 « T—AFRY 7 hE LTI,
Windows K& O Mac #£§{D /XY 2> TEITTELH XY v 7 « T—AFKRY 7 kb [ChikyuKuru
Kuru (CKK)J, Z< DTN A A LDODU =777 7P TEITNTE S [Dagik earthOn the Web
(DOW)J, # 7 L v bR iPad TEITNTED XV T « 7T—R - T 7V | O3 ONHFES
NTWD., Zhbicky, ZLOERTNA AZHND Z ENRAREE 7> TN 5.

BT« T—ADHZICHNLNAPC 7Yay 7 X —TEFEDLDOTHY, L AL
IR R ER ZMZ LTV, ERIEA 7 U —> EOBERBEOKRNGPC T uy =y X —
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PC7ay=l X —nLEREAY V= ~OREFIRIZLLTO 28 THDH, 1) BREAZ U —
COERMENCK LT, BROFLERIFENCPC 7 aY =7 X —5RETLHHA 2 EKEA7 U —
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HIERE S 2 FoR L& 2R SETHRIET DI ZENTES. 202507 4 K% PC ITH
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LONREHEN TN,
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V7 NMEIEROL Iy ay ey T N ICKKY, V=777 7%/ IDOWJ, ¥7 L v h
(7 e T—A T 7V ] O3 OBHNLITWDEN, a7y Z2nb 3 it
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By« T—=ADars ORI, Fig. 4 (IORLTEELHIE, T_XToarFr it

WTLRRY 7 FTHD CKK KNDOW &, a7y e _;@Jxé, 1) kiG> 7 A
NV 2) HEGR T 7 AV 3) RET 7 AV, DIFEEDT 7 ANNERD. ZVHDT 74 /LD
TrANLEDLVNIRFSNTNDT L7 FU X Table 1 IZE&DHNTND. KRV 7 b
L LTi%, Windows H @ CKK D %1708 Dagik Earth.exe, Dagik Earth 64bit.exe & L
TEH BN TUW5S. Dagik Earth 64bit.exe (% 64bit Windows H D347 TH 5. Mac
® CKK 1% Dagik Earth.app E L TEDHHLNLTWS. DOW IV =7 7 7 U TERINDT-
» HTML XD 7 7 A /v & L TERR S TH Y, index.html, index-english.html, index-
chinese.html & L TEH® 51T 5. index-english.html & index-chinese.html (%% i1 414
EH, FEFEHO DOW TH 5.
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Figure 4: w7 « T—R « a7 Y Ok

Table 1: B w7 « T—R a7 VORKT ALV NILAKOT 7 A4 V4
77140& - T14LINUE FeLIMVE (B2L1V—)

=RV 7k 1 CKK Dagik_Earth.exe’x &

=RV 7 b : DOW index.html7: &

HIFRIE R data/images/map data/images/map_second

FEAE data/images/screen data/images/screen_second
StEAESR (HKEE) data/images/screen-english  data/images/screen_second-english
BEIZFAI : AT YHE | data/conf/conf.txt

BREZ7AI : HiE data/conf/init_conf.txt

BREZ 71 : DOW data/conf/dow_conf.txt

3.1 BREER

BKIEA 2 U —r BICERR éﬂéﬁ?ﬁ %1%, EEMEXE (Equirectangular projection) T
fiE Sz bDOxHWS. Fig. 512, KEEG T 7 A L OF %2R Uiz, #BREM 360 o, AR
180 © OERMEAAELMEDLLN 201 72 BEBEE LTRELLTEY, ZofTIHEE, REZh
FI10 EZ EITH, 30 EZLIZERETINTWD. ER T 7 A VOERIT JPEG BAHWS
nNTWa., iEEE, ¥y 7 « 7—A#RxY 7 b [Chikyu Kuru Kuru(CKK)| CTHWTW
% OpenGL O WA= 3 AZD R L TWAH /R Y 2 2 TIEEE O W REEN 2 OIS T
IRBEENHD 2085720 1024 7BV X 512 B2/ &)L, 2048 7 /L X 1024 v 7 &
Jb, 4096 BV /X 2048 B EAREBRHNLNTWDEN, £ DarT7 Y TIEREICH
WHiLd PC 7 uy =7 Z—OfMGEE & RIFRE OfRIREEIZ 72 5 2048 £ 7 E/L X 1024 ©°7 &)L
NEL AL TN,

ERIAIEE 7 7 A VIMEEEINTWDT 4 L2 Uit Table 1 IZFEiR S TW5 L H 1T “data/
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images/map” THHD, ZIUIHREZ 7 A MLV EFEAETHS. CKK IZHWHNDE 2
LA — ORI ML 7 7 A /11X “data/images/map second” (ZIR/FSIL TS,

3.2 FREAER

Fig. 6 (2, SiAEGE 7 7 A VOFlZR LTz, ZOFITIEar T Y O4 L v TORNER
ENTWDER, SBEBRY 7 A VX, arT YO, 72O TOHM, 7—Xik
fion, a T UVERE R EOFRPTLAESND. L INOOHMAELEFEICRRT H20,
TNENDOEFEIIS U 7 7 A VMER S VTV 5. Fig. 6 2K B AGE O] 5
TZ7ANTHLN, [AROLDERFEICLIZH DN Fig. 6 A THY, ZoXHIZ, FHEG
77 ANVE AAREE, WEE PEEEICTERL, BRY 7 MIXoTEDOFHEOEBG Y 7 A V%
WD MMBIRTHZ LT, 26D 3 EETOEREAREIZL TS,

PG 7 7 A VMR SINLTWDT 4 L2 U Table 1 IZFRiR STV 5 L 912 “data/
images/screen” THHN, ZNHRET 7 AWMLV EERETHSH. CKK IZHWOHNDH
2 LA v—DEKmmiE~ 7 A /L% “data/images/screen second” [ZERIF STV D.

Figure 5: ERIEHG 7 7 A /L OF]. EFREMGE X (Equirectangular projection) T
INTWAD.

Dagik Earth

Figure 6: FiBAMEIE: 7 7 A /v DB, (f2) BARGERH D 7 7 A WA, () GERH O 7 7 A /A,
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33 BEZ77AI

Ko

BRIt 7 7 A L B T 7 AV ERWEE Yy 7« T—AFKRY 7 b CKK ICL 5%
% Fig. T2 LT, R 7 7 A VIZERE Licvy B 73, w7 REF—3R—RZ
Ko THAET 52 LN Tx 5. BKmEHG s OB IEE, Z O TIXIEE S (orthographic
projection) 2ZHW STV 528, FEHA&E (perspective projection) THOX R L AGETH D.
FEREIT, EREICREINTEZPC 7027 X —nLHIEA 7 U — AT Tl & #%
HLTEHGAICELWERTHRESINSG DO THLI N, HEELSTIEZ2WVWEZDOPC 7y =y
A —IZBWTH R EMRBEENAETHY, EALDLR2ODOTELOEAEICHNLR TN,
ZoOFTIEHEE EOAMICFE TERRIN TN, KEIMEITRET 74 VX > TE
FHRECTH D, AEER Y 7 A ML, ZOHBEEFREOLMICE RIS TS, ARTHER
7=EB8 5375 Fig. 6 A CR LIS OR RIN TV OHEETHD. ZOBPmBR T 7 AL
B EOEEORAT « KESICFERTHIENTES, —F, HEAUCITEEDT-ODT A
AUNEREINTND., ZOT A 2> OfEIE, £ X VISR IC, &1, fid, ik, b
EicT 2, BEOBME - &7, MEREROETR TR, EXIALET— FOBK, FAHE
FEEELS, BAEEEZELS, W& HAEIE, FEEE, PHBEGRSRES, & a~viky,
aAvikY, TA a2 OIFERR-FR, SHBBOIERT-FR, THDH. ZNLHDT A a2 DFRR:
IR, BRNE, TA 2B T 7 A NVEERET 7 AV THEEMNRTHD.

Figure 7: ¥ w7 « 7—2F RV 7k CKK 12 X A T2,

EROXIICERY 7 MTEDEFRIZONWTIE, REZ 7 A /VCTRENTE S, Fig. 8%
DOH R LTz, BP0 « T—ATIIUTD 3 DORET 7 A AVN™MELNA TS, 1) EHD
a T R T Sy & E < init confitxt 2) K2 LT UV IZEA DR E & E < conf.txt 3)
DOW H D% E Z #EH< dow conf.txt. FREITZWVTNDOT 7 A /L THIHEOEATITHON, [FL
HRENARETH D, TR Y 7 MTBWTIE D, 2), 3) OIAICFHAAEND =D, RICFHAIAE
N7 7 ANVICEPNTWALRENEBLEIND. @ THEDITRANRREDHRITHS.
INDODERET 74 NVORFSITIL Fig. 1 @@V TH 5. init conf.txt & conf.txt 1%, FIEL
B THLT 740 MERH WS A O TRIE WA, dow conf.txt 1X DOW O FEITIZIIMNT F
FELZ2W BT 7au,

L EFERRDT-O DK ET 7 A Vi ‘data/conf/’ L FIZ ‘lang-english.txt’ <> ‘lang-chinese.
txt” & LCEIN, KOREICHAAEND. ZORET 7 A LT, TNENOSFEICHIG
LB D 7 7 A VA DIREDTOIL TN D.
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Initial Configuration file for Chikyu Kuru Kuru
Configuration line starts with single "#", e.g., #Latitude, #Spin.

#WindowSizeXY 1024 768
#WindowPositionXY 0 0
#FullScreen 0
#InvisibleCursor 0
#ClickLock 0
#NoMouseDragRotation 0
#PresentaionRemoteMode 0
#InertiaOfRotation 0.02 0.01 0.01 0.
#NumberOfEarth 1

#Scale 1.9

#EarthXY 0.3 0.0
#ScreenScaleXY 4.3 -2.6 1.9
#ScreenFront 0
#ScreenBGTransparency 255
#TimebarScaleXY .2 -1.6 -1.65
#Latitude 0.0

#Longitude 135.0
#Animation 1
#AnimationSpeed 8
#StopAt1stMap 1.0
#StopAtFinalMap 1.0
#Repeat 1

#Spin 0

#SpinSpeed 5 :[-200,200]

Figure 8: RTE T 7 A /L
34 EZ7AI

KarTro VI3t 7 74 E LT, HH HTML X—, #3577 A /v, 8~ 7 A
v, FEVHIERE 7 7 AL, BHETDH. 2o 7 7 A VIRKAETIERL, FIHZXH%T5
HLDOTHDH. HEHRHTML 7 7 A Vi, v T oY TERENDLT—ZOHMT, a5y
B, T—2OBERENRTZRENTEY, av T VOFRAENLVFELWEREZEL D
RIS TV, —Eoar sy Cliar s oY oaBlEgIc - ofH HTML ~—2 0
URL(http://dagik.org/L/1 72 &) NS TW5D. il 7 7 A V%, a7 Y ONKEHF
LS<HBALIZEDTHY, HESLEROMMOMB LD bDTHD. BET 74 LE, =
TV OFRIREEBNEZNGE L2 OTHY, XY aEZHWTICEHE Y 7 A LVOHRIZLD

ZIH LD,

FEVHIERE 7 7 A VL, FNERD T 2 OWClE OMERKEAER T 570D —
NCTHY, V0T« T—ADFRR T FERILLK AV T « T—RA a7 EHTE
Ens. Fig. 9 22 0Bz Lz, 2 Fig. 5 128 L7ZEREEi# & Fig.6 (2o~ L7=7i
B EZHWTERIINLTWSD., ERITREDEGE LD T KO — Mo TWa. FI¥
X6 BOBEMRDO > — E b2 o T A, L HIZEREEEH 280 X, BEaATFa—1
TIAT 4w I IR EOBRIKIZAE 0 fHTCEREND 2T Y OREREAERT 2O TH S.
Bl EREV TRV EMR TR THRALVODROWHEREZER TE 5 X518, —DoDih
WAEBERTAEVAMIT D LD ICKIEN T RENTWD. TV HINARHERE D EfEERBE A 72 W5
JE7R ETHT VX NANRHIERE TR R EIND LV v « T—A - avT UV EHETLZ LN
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Publication of scientific results by using of data visualization for dome
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Abstract
There are more than 200 dome theaters that open for public dome in Japan. But it
isn't in the situation functioning sufficiently from the point of view of visualization of
scientific data and publication of results. In this paper, we discuss situation of dome
theaters in Japan, also we guess a possibility of publication of scientific results by using
dome screen and utilities of the Dome Fest of International Festival for Scientific

Visualization.

Key ward: dome screen, scientific visualization
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A Simple Method to Create Dome Master for Full Dome Visualization
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Abstract

The dome master format is widely used to film scenes for full dome theaters. This paper describes a simple

combination of a camera object and a mirror object, which enables various ray tracing applications to render

scenes suitable for the dome master format. This method is applicable for ray tracing applications that are not

equipped with functions to render scenes for the dome master format.

Keywords: Dome Master, Ray Tracing, Mirror, Spheroid
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Organizing the space data hackathon “International Space Apps

Challenge” in Japan

*1,%2,%3
Tsubasa Yumura

Abstract
International Space Apps Challenge (SpaceApps) is the hackathon to develop applications with using space data, which
is organized by NASA. SpaceApps has been held every April since 2012. Recently SpaceApps has over 100 host cities
and over 10,000 participants each time. It is one of the biggest hackathon events in the world. SpaceApps also has been

held every year since 2012 in Japan. Although it was initially held only in Tokyo, domestic venue in 2016 was increased

to seven.
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