ISSN 2433-2216(0nline)
JAXA-RR-23-007

FHEMZMARERERARTERS

JAXA Research and Development Report

FHEEPEHRETR]GE F1T=

Journal of Space Science Informatics Japan Volume 13

202421

FHMZMARFEERE

Japan Aerospace Exploration Agency

This document is provided by JAXA.



Bk

BENTHERET — % & W AR —Y Jiigk O Ll & AR E EE O Husk##& 2212 B9 2 it

HEALPix # H\W\ 7= [0 O H MRS T — 4 N—RA LT —% v 27 A DB %
IR B 2 BRI B, PO BRGE, DR =24, AL R BB, MEEIR BF 13

FHER ﬁﬁﬁkﬁﬁ&77/h7ﬁ UNOYS R
TN HEI, ARARTEL, B G, BB T A oo e e s e 23

FTHYEOEMERT & FTHRKHELOBBREOTHKKHSE 2 8 L -l Tl "TRE:
B B, AREE B, TR TR ST BB T e 35

F - % VO 72 XRISM fif 2 A5 iR 28 O AR 7 v 2 U X A OF%
il = S I NI = = 1 AU PR TUURTR 45

KIRA~ VT H o F RV REAT & W mR T 2 2 )V Bk O JBREBIFEA & AT b ~DEL Y #17x
I L B T B3 oottt ettt ettt et ettt en e 57

Preliminary Study on Literature-Based Classification of Space Missions
TSUNODA Takehiro, DEMURA Hirohide, HASHIMOTO Yasuhiro, OKUDAIRA Kyoko .................. 63

WA v E—F o A & T Bl 72 i 3 o B %
BB - AL - dbME ~OFBERSLBNE R » b T — 27 O
AT RO, REZR 1B T, BPAT OKE, B IE, WA B, BEAR EBE, Al EE, R E, W i,
Ak IR, SAA e—, AR, PR BT, WEH EE, RETESE, EEE—, LN oK . 71

{7 E A7 Point-spread Function % f\ 7= Richardson-Lucy 75® X #if# 2 Chandra %5 B~ 5 H

~ BB IREE ) o AT A OfEBE ~
A, I B, PR A, I SRR, BB EER, /INE R e, 83

This document is provided by JAXA.



B NTEET — & 2 W AR =Y figk O L K FHE O
HIE A 72 B 2 MR AfT

K ="

Analysis of Regional Disparities of Location of Sports Facilities
and Sports Education Using Scientific Satellite Data

OTOMO Shoichi™
ABSTRACT

In recent years, the application of satellites and big data on the economic field has been rapidly expanding.

In particular, it has become clear that the intensity of the night lights acquired by satellites correlates with social
and economic indicators such as gross domestic product, employment, population, and education in each country.

Developing countries and some regions are still lagging in terms of development of reliable statistical data by
region as well as many of the existing statistical data being not credible.

In addition, there has been several issues raised in the past, including potential problems of macroeconomic
indicators when making global comparisons of Gross Domestic Product (GDP).

In contrast, night lights are used to analyze GDP and the scale of the economy, a single indicator can be used to
compare economic activity across multiple countries. Therefore, those are rapidly utilized in the field of economics
among the satellites data.

In this paper, an analysis of the location and distribution of sports facilities, transition of the fitness industry, and
the environment surrounding sports participation will be made.

Specifically, swimming will be used as an example to measure effects of the environmental factors - such that
location and distribution of the sports facilities significantly affect the disparity of results in competitions.

Keywords: Night light, Satellites data, Sports Facilities, Disparity.
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Development of HEALPix-based KAGUYA’s lunar
digital elevation database and data provision system

KOBAYASHI Nene ", KAJIURA Rio *, NAKAHIRA Satoshi”', YAMAMOTO Yukio ',
UCHIDA Herbert Akihito ' and EBISAWA Ken

ABSTRACT

The lunar surface elevation data acquired by the KAGUYA satellite, which operated from 2007 to 2009, still
has the world’s highest spatial resolution for global lunar data. However, there is room for improvement in
the accessibility of the KAGUYA data files archived at DARTS, since reading each file requires unique label
information describing its content. In addition, each image is separated by equal latitude and longitude intervals,
and represented with the same number of pixels; this causes a problem in precisely storing information into pixels
at high latitudes. In this study, using the HEALPix method, which is widely used in astronomy, we divide the
entire lunar globe into equal areas and define a hierarchical data structure consisting of multiple resolutions for
different purposes. Thereby we successfully constructed a database that can be accessed quickly and efficiently
according to users’ needs. An example of a web application using this database is also presented.
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1.1 P OAEEERETTIL

HOREBREE T — &2 2 LT, FHMZAHILH
SR (JAXA) A5 2007 4EICHT B L1372 A A I 2
2<% (SELENE) 2EUG L7z b DhdH 5. Hojk
FEe ELRIAD 2D D7 — 2 ZBGT 2 2 2 HIY
L LRARERICKD, BRELRALKOBESBET
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7o. HO2EK DEM &, % NEHHEE S ARE
2T TV ODERT -2 LTEETH 5.

D SRTIERTT & %5 OMT % [RIRFR G AT RE 72 3
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A X5 DEM AR AJRETH o Tz D2\l
BIHOMEBIE A X 712X 5 DEM EHBREETH 2
B, L= —EEiOWET — XD HHAFEETH D,
R B R o5&, MAEO 7 — 2 BRI <
7% h DEM O EfEEICFH ST 5.

JAXA FHBIEM AT ORET — X7 —H A4
7 DARTS T, 2SR 0HIEAH X Z TC <L
FNY A X =Y % — MI, X5I1KE®D Lunar
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P —EEE (LOLA) O 7 — X 2 A L TERX
7=H @48k DEM SLDEM2013] [1] 2B L TWw
%. Z0tk, KED GRAIL #2212k b AENGE
FODKMERLE N LOLA 7 — X diE SR,
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2 B HEE £ TORER DA TIER SN zh, 2Bk
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EHZEET 272512, Web 7 7V 7 — a V&%
HLT, 2AKRDO D 50 2 BICH LT, fHifEr»>
HECEHET 2B OND XIICT 2L EE
LW, L L, Z2RUCiE, LIRS oD EDF
5 5.

—OHIZ T — XIEEDORETH 5. BIEDT —
AR CTIEHEER T — X 2 EEREZEMT—E
METHEILTFITS 774 L LTHMWST %72
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FNA2HEENELRS. HIZIE RDBEFEOKZFL
TR R 60 BRI T 52, 1 ¥ L DIES
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YIZD. T 7 ANT ICKNERES R 512 B
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EEEHIETIE 1 72 H b OmEN X 512/
LY, B Lo EEI BN Z K&
ATLED. 2OKIHAZ L ITHEEDEND
HBI LT, T—ROIEHNRBIERTT 5.

“OH, T2 oRHA%OMETH 5. PDS ¥
ROF—RIHRD 7 7 4 LT 2 I Z DWNEZ LR
T35 7 UERES LADE THRIRT 208D
»%. BITE DARTS THRE I NLTW5 PDS3 JEA D
F— RIIBERE AT 1°x1° O ) 7 O EEF
W% FITS 7 7 4 VTCalsk L, & FITS 7 7 A L3
AT E2ZV7OERE L DODTIRLT 7 L1
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AW FETlE, HEALPix (Hierarchical Equal
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ZEeMWTES.

2. ordering ¥ Ngqe ZIRET 5 &, HERREIIN
T3 Y7L EKESH HEALPix DEHRD HKF
D, 7 — XRDISHEIRE 5.

3. B2, ordering ¥ L T’NEST” ZH W7z iZ
Niide ® N2y, 205 N2y (< N&,) CEHT
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S al/ERL S % HEALPix DRREX, L7 — R DR
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Ngide = 217 25 EHER T 2 RAGEDO T —& &
MBI 72 Nyjqe = 217 22 Z 2T, £HBK
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ZENDEADESIZIN13.5m 72 5.

HEALPix ¥ 27t 7 7 A V25T 2RI,
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LT (1) 1207 7 A VIZEENZHEBHPILTE
3, (2) DEREHADT — X %1557 7 7
ANBEMZTERD, LW 2 DDERANT VA
5, AKE NL, =27 TEZ 2 HEIL B

LESRHNC, BREIZE LT Nyge = 218 O F — & RN— 2 fE
BHBETT 5.

This document is provided by JAXA.



16 SFHIZEWFIE B AR U IT B S A JAXA-RR-23-007

2, NE . =2T o8 o x4 rZeicl 77400
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T7ALDEDICEDIZY A BBIL, 174
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77 ANDEANDTEEA (1 77 4 VIZEE
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Y ORERMERT.
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2
- (3
ND

side

o7 740D, 774 VES iy D5,
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DHFADS DB EIND Z&IThb. £/, 1D
DT 7 ANDHIzHITIZ

2
(38

side
AovZ e BES ip BT D X S RIEF TN
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[NUEZE
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L7 &7 74, HEALPix DT X —R 7Y
REZIAATZANy ZiEHE &1 FITS Tl TIERR L
Jo. B2 23X D BERNZ 7 740Dy ) —KEED
HlERLTz. IRTOE 7LD 7L FESEFR
FTITIX 64 bit BDRETH %05, HEIE 16bit BET
BIX N TWB DT, 64 bit DA > F v 7 21EHRE
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37C DEM H§D 1 25872 LDFEE e iz
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BT, ZAFIv I VLY IRIERT 272012 3%
LCHIIL, AEFTH 390GB O F —& ¥k o/,
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Research and Development of Space Environment & Effects System

MIYAKAWA Takehiro™', KIMOTO Yugo™?, UENO Haruka™?, MATSUMOTO Haruhisa™

ABSTRACT

We research and develop SEES (Space Environment & Effects Systems). SEES is the database system for
providing data and model concerned with space environments, such as high energy particles, galactic cosmic rays,
atomic oxygen, plasma, magnetic field, and effects from space environments, such as single event upset, degradation
of solar cell, total dose, degradation of thermal control material.

In this report, we introduce the summary of our activity including asking SEES user about their opinions and their

demands implemented this fiscal year. In addition, we explain about our prospects for the future.

Keywords: space environment, database, real-time data graph
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GOSAT Ditferential Flux (Electron: 0.91-1.06 MeV)
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The Relationship between Satellite Orbit and Space Weather Phenomenon, and
and the Possibility of Orbit Prediction considering Space Weather

NOZAWA Satoshi"!, KUBONIWA Atsuo >, ARVELIUS Sachiko", TAMAOKI Susumu "

ABSTRACT

The TLE(Two Line Element) is used to analyze the relationship between the altitude decreasing rate of orbit of a
space object and the solar radio wave F10.7 over a period of about 50 years, and we found a very high correlation
between them. The correlation can be approximated by a power distribution (y = b-x% ) or an exponential
distribution (y = b - exp(ax)). Using this approximation, we estimated the rate of altitude descent, compared it with
the actual altitude change, and confirmed that the two altitude decreasing rates of orbit show similar trends.
We observed the space object and compared the predicted trajectory with the actual trajectory. The possibility of orbit
prediction considering space weather phenomena was discussed through statistical analysis.

Keywords: solar flare, space weather, SGP4, satellite, orbit, TLE
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Development of the machine learning-based anomaly detection algorithms
for the low-temperature detector onboard the XRISM satellite

KASHIWAZAKI Miu', TSUJIIMOTO Masahiro >

ABSTRACT

Early detection of anomalies in spacecraft telemetry data is important for ensuring the safe operation of the
spacecraft. The XRISM satellite, launched on September 6, 2023 (UTC), utilizes the Automatic Telemetry
Monitor Software (ATMOS) for this purpose. However, ATMOS serves as a general system primarily designed for
analyzing time-series telemetry data. Consequently, each mission necessitates dedicated complementary systems.
In this article, we present the results of an anomaly detection algorithm applied to the Resolve instrument onboard
XRISM. Our methodology entails a machine-learning approach utilizing actual data collected during ground
testing. We assess the efficacy of this approach in detecting anomalies in the detector noise spectra and the cold-
stage temperature data.

Keywords: XRISM, Resolve, anomaly detection, machine learning.
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PEHEINT VWD, 20550 2[EHA., Stirling 5
HF% (46) t Joule-Thomson HHHE (1H) W5
BB A T & 2 119200, Stirling ¥ THAR O BREN & I
] f; = 14.77 — 15.16 Hz, Joule-Thomson {5 {H i1
fy = 51.27 — 53.35 Hz O CilFET = 23512 T
W3, 5 f. fr ZERLEEE., OD0KOERED
HITED,

cos(2mnfit) + cos(2imf,t)
fi —mf f f
nh—mh Zm Zt) cos (Znn ! —;m 2t>

(12)

= 2cos <27r

EWVIEDBEL B, ThbDE, RZEBICEWT, HRIEH
JRBEL | Mo | oA B (57 D) HEL B, B
W, 7=V ZZERETIZZ 0D 0 BEBuIEH R (]
IZnfy & mfy IWHRENDZ7TTHB) . RIEISH
L CIERBICED B2 &, 572 b AR | mhsmiz] o d
R =L EN B, FFE. Resolve 2B TIE, (n,m) =
(24,7),(15,4) D ¥ E D beat / £ APEBCBIHI X T
W3 (Fig. )P, Zolf, 57 b ORFEED f1 2 f, &
D AR FEGIIC K 2D T, FHICEETH %,
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power [nV/rtHz]

power [nV/rtHz]

freqency [Hz]

Fig. 2: 2022/06/09 IZH(fS L7z Beat / 4 XHFAE L TR WD
8k noise spec D—fil (_£). 2019/12/11 1ZHUS L7z Beat / A
AHFEEL TV BRI D 8k noise spec D—f] ()

3.1.2. RREB

Resolve HEDEHTIZ, 1THIZIEEET, /A4 XA
~ % bl (8k noise spec) MR 7 LN L THIR X
Nz, 2o, EdD2o0 7 4 XNRFEEL TH
B BAIT 57T X LRSS,

EHBANCKE UERE Y 2 262 LT, ERICEY
THoledbDDSBbEYNETERE L THITE00%|
HEmT TEGHE), FRIERETH- 0BT,
FHlxinz MAGHR) »d 210, S, Mtk
ETFNVTHGHROEEMEEZ 09 EREL. Zhzi@
ZBBHETS e B TEB0H, £ L THEEGER0.9
R AMAI T HE. RBHERIE OBREOEI
525 EMET LTz,

¥/ 57— &2 LT, Resolve 2EDHI FHEER T,
2021/05/06 2 & 2022/06/17 % TOHAM (I EFIAES
A TiEsnT— X2 MW7z, 8k noise spec —D
DY > FNIE, 36 B 7 kL x 4096 JEEEE > (1.5Hz
5 6.25 kHz £ T 1.5 Hz DA fRRE) DT —&X T
H%,

3.1.3. BEE&H

MTQ /A X ZD/A4XDELBNDFEARBEED
10400 Hz O %E . #1/ 4 XH5EL HH bbb 4D
DEZELNDAIH LT, FEKRITA 2T 3, C
D/ A&, TRTOE T IVICFERICHES %2 DT,
V7 e2 o Th /4 ZRAERBHERET 2121
MR,

8k noise spec D7 —&X & LT, MTQ HHEFIZHRE) L
TWARKID 82 %> T, LS ORI D 11597 H
VINERE L]z, 2067 YA AHEICEID TR
NP RERK Lz, TA T —RIE MTQ / A X%
Vo TWRWTF—& 1154 > 7L, MTQ % EREIRIC 127
Hz ¥ ZOfEHTE =2 D3> TW3 253 Y Tuh s
"D, THNLHNDY YT E, BEIT —X L5 X —
EERT =2 LTe 2hHDT—X TR MTQ %
BXEN L T 2 R EBER 2 O T, ZDRFICHIS S 1
7z 8k noise spec ZHE, ZALSTHEEINL D%
EHE F U % Uiz, 7272 L. BBt MTQ Z 5K
B LR DR BET—20% v IAB0DIR
DoeDT, ET VORI T X —ZEFR DR
EREESE T Lz, w2124, SMOTE (Synthetic
Minority Oversampling Technique) (¢! % & %\ T HE 5+
YINEHEP L, BT Y IV R Lz,
AUz E D, MTQ 2 4 X% FMIIEHE Y~ S DRI
DY ¥ I NVENTHER Uiz, 7272 L. SMOTE %% iz
F=N—=B T T RITH LT, LT —XDHE
AR S AIREMER. B H 29 ZiEE 2 IAEEELE 2
L5 ZEiZiE, EENNETH S,

WEEHOHEZRWO T IO, 7V y FH—F 2RV
T RNIA=RF 2 ==V T %fTole ENENDT —
R e L EE DB, SCD Classifier D8F X —%
BRD BTz, T A= ZBGEEH T — XL, 7V v
By —F%2{To7. ZDHEHR, SCD Classifier D/$7
X—&ZDS 5, penalty i L1, alpha Z 1x1077, loss
% squared_hinge & L7z,
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PED XS IR =703 ) X202, BEEH T — &
WAL, BT X259 TNV EIEHET—X 115
BTN EHOTT A b LR ERESITYI L TR
ATRT, BRMERIZ 1.0, HBEERIZ0.04 274D, 09
DL EDHERGHRTOMHDFRET H 5 Z L ARSI iz,
MAT, BEERS TN, BOETRE %
BMEITE 2 Z 2 RSNz,

Table 2: SGD Classifier T®D MTQ / 4 XBHIDIEEITH

Hllr = 7R

HE OEE

KRRomiR  BE | 25 0
E® | 5 110

Beat /A4 X 4lE, M5/ 4 XHE BN S 15 Hz
DURZ58 - 7 A3 3 A & Lz, Beat / A X
WBERD AR — V2 RiD, % 2 THMRRAZEED 25
M3 28l TOFER, FHED D FEEZH»
FRERA T LT XLD—DTHD, beat / £ XD
O WRHDOHEBED LR EEY 7LD HHIL 2T
WE IR I NS, BREGERERICIE, KITHIFRS L <
X7 9RR) T ERACET AT XL DD, HiHE
RBERT — X DBGE. BREDIZ D DHEEL B VAR
F6h 5 Z e AT KDL oTVE D
T, BN 722V ¥ 7% AW B RGAZE R T
W ZI9RRY D7 NATY XL LTI k-means
ZHW3,

%AW % 8k noise spec DY > 7, beat / A
ZADFAEL TV BIRZID 1356 %> 7L, 2SN DRE
D 11593 H > TVTH%, TThb7 vy XLMET
TAMT—=XREMR LTz, 7AMT—XIE, beat / A
ZABFELTVDS 116 > T, BELTWRWT
TNORI Y TNTHD, Wbz, Bilir—xe7
A=R (I F7RAEE) WEMT -2 L, ZhHD
T — X TlX, beat / 4 AHWFEE L T BRI EEEA
DT, ZDFRHITHUS X 172 8k noise spec ZHEH ., %
NN TEIR N2 DEIEHF & 7 ~UHT Lz,

TTHEIH 7 — 2T LT L2 Lz, 2L T 2

@ W= 51

DI 7 7 A ZBHREM. 7 & SIS U THW,
L2 T o7 2D, 7 2 RAEZBAHEER 7 — 2120
L2 7R ¥ 72TV, TR —TRIC & o Thoi 7z
77 ARERR LTz, ZORER, 77 AXE%Z 212
RE LT 2MERFZT o 720

#E9. AUC (area under curve) fEIZ 0.92 £ o572, &
Z T AUC fElZ ROC (receiver operating characteristic) fi
RO NBOERTH D, 1IIEWNF EFHEH D 72 R
HEPEHVROWRHERTH 2 e 2R TEETH 2, F
MG S 2 MfEZ BREERD 0.9 ko LT
EDTzb & BHER035 Lirof, THUIHETAN
EHETDH 2,

3.2. BET—420OEEHRM
3.2.1. IHWKRODEHA

Resolve 2B DRI AR ER S N7 MKIR R 7 — 2 D
JEfHIHZ 3 %5 ADRVI DSIEH 2 FEI %25 5 Z L3, Re-
solve LB D 5 T3 )L X — T ERERFHT L EA AR T H
%, ADRIIT>Y b ——ETHEZ 3 5 & ClE
DR 5 WEEEZ AL TB D, » 2 EEHKL K
. izt s 2 -0 HMbE T 208D 5, T
D% ADR recycle ¥ \» 95, ADR recycle 23741
%L EiF MHERAT—I DIREM Fig. 3 DX 7E/ 32—
YTZELT 2 Z Bl TS,

1600

1400

1200

1000

2R [1K]

1014:40 10 14:50 101500 101510 101520 101530 101540 101550 1016:00 10 16:10
B3

Fig. 3: ADR recycle 1O R 7 — ¥ DIREZ(L D

Resolve ZEBOBHIRRA T — Y DEEIZ. W20
B2 CIREZL L T\ 2 e Bl X A, HIiZid ADR
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recycle TOIREZEL X — 2 DA DRFE 2 —>TD
REZ(ER R 572U %72 ADR recycle HiA D, Wit
BREMTEEERNS 7 T F T2 L TEENR
T BAREMD D 5,

3.2.2. RREB

Resolve 2B DR A 7 — 2 DIREHIEH 72 ADR re-
cycle IS D & — > TOREZE(E T HLD L <13,
ADR recycle 28R L 72 IZI 2 A S 5, D& THE
ERBDH, LTFTDXSRBRTANITVXLTH 5,

(1) BHEERA T —2 DIRELRFRIZEZ L 72 RZl 2 1
PSRy rda ek

2) (1) THAIL =RZ L EDOREZCNEETH 50
RS 3 0 SEeS

L. 2055 (1) DM R 7T — IO NRELL%E
L 7= 2 3 2 B DER O A D BFHE 21T o 72,

3.2.3. AR 48

Buwer—2ty b SEHVWET -2ty ME. Re-
solve 2B DML FFEBR (2022/1/24 72 2022/06/17 % T
D) THONLHK 7—XD 55, Mg T —
YD 50mK E=X—HiRET—XZHW\,

BZ NIRRT —21%, 1s ZicHrIrdh
Fo T — 2 TH B0, KIMES BRI iz, RIBFX
ME null e Lie, 29 2 7803 12446251 s 57
THb, ZILEBRADEIHW 285 X — X DFHEIX
HLWD, TRTOXBEEZLEBRONR L 35
. BERBEMMET T %5, £ 2 CELEBENCD T 5
BC, MAIL- VWK Z D 2 RERE L, Lo
HORBEZM EXE20ENH o7z, ZZT, LIFD
FlEZ A, ZCRBAZTT S XE 2 7.

(1) 12446251 M DOKRERYIIRE 7 — X % 1800 sx6914
WRYIh, Zhz—XE L7, ADR recycle i22°
B R 60-90 7 TH % Z & ATz,

—XEDORETF—&2D>5b, BENS2mK I EE
RARAB—oTH D2 XEEME L, RER
TV FREICEIEERRL-DTH 5,

@)

(3) () THIH L= D> %, ADR recycle #TCH 3

Z 2 ZmRT 500 mK BLE Y 722 XEE R Wz,

(3) THIH L X DR D XM %2 272157 7200 s
PHRXE Y Uz ZOXKBEICH LT, k-means
ZHWTI AR 72TV, 227 7 RIZHHL
72o ZDOIHLDRBEIEEND T — XD
N327 7 2ARNDT —RERWz,

“

T =X ZPBRT 272 DITFIT L7, Step 2 & Step 3
TIIEESINENRHND T — X ZH D FRW 7225, Step
4 CRTEDSEZITS 2T, 50 mK iRz Tna
T —XNTOEERIREZ{LS. ADR Recycle 12X %
2SN b 0BT 22 ZHIE Lz, Step4 D
R, REEPEEND T —XDBEBENDE I FTARE,
50 mK IZfR72NTWS 7 — RIS Nz, Ldio
T, REEE L7 7 AXDT—REG4b e L. B
L7,

ChangeFinder ZAW-RHBR A T—C DREZL SR
M §323 THEFILZXKHORET — XL, a—
ISA T 4 VR BT TH S ChangeFinder 713 ) X A4
ZHH L7z,

ZAL AT OB, Mo U CRIE % 8% LZ1L
REMRAIT 2 HIEDEWMEN, T OHETEHBEMELT
DELEERATER N 2 I2MA, BLabFEoZ
fLEZE LR EF VLN E L B ELIH SN, Z
AUIXT L ChangeFinder Tld, ZbEnAEE L H X
N20T, SHOD XS LZECHARZI OBANE LT
W3,
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Riza—R27 4 VR ERWHEE Y LT, —#8 ADR
recycle 2V U 2 i CIRE DM/ N Z(LH % {, ADR
recycle FAGIRG O ZAL DI IREICHA S Ig D o Tz W R
WAL SRAIZ IERECAT S 72, Ay M 7 A%
0.05Hz & LTR— SR T 4 VR EDPITT, MR TRIE
O T — X Dtk 10s DAL R T TIZ0 ZD T,
M U 72 7 — 2020 L LRI 2T bR v X 51 L
T2o B v A ZEEEEZ. W 0D T —XEHWT
FoBfE% RDTzo ADR US4 Z VDA DOE(LR. FHIC
ZAGIRE A 10 mK FEE O RERIREZ(LEBIETE 2
ZerEBEHLT

ChangeFinder M 87 X —& (§ 2.2.1) I&, r % 0.05,
SDAR EFNDA—K—% 1, L% 1.5 L. £tk
HZf7> 7z, Fig. 4 HY ADR U YA 7 )UK E B S iz
ZAbRA 7 Fig. 5 WRERE S TREOHH S N2k
MAATTHB, HHINESHRAT7IC L, X3
7 hY20 DL ISR BRI UTe /bR, 143 X T
{Esih 660 AR E NIz, L LT DK, Fig. 50K
BIMERES EDE T AT, BB EENC KIS LT
LEofe, COZRMTIE. BAZIMEDORL T X TE
L& LTHMHEI N T WS, ZD7s—ERH TR
U7eZ{bsin,. ADR IC X 2 iREA(LP B RiREL L
ThHah, WixrEROETHI2hZ2KAT S0,
BRSO ZH b BRI 2 I T U T,

%3 ADR REELREEZIE. —EDIRED & 2
WIRENEDZ 5D TH 5, »RMC, BERES 21X
HFINCHET 2, 2ok, —BETRIBIARLE
kDR A AR Y THAKIZ ADR REF RIREZ(T
H2OYRIEPD DD, “BRIEEHTIE. BAIL R
ZINTxt LR 1000s, 25 100s ZHLD . AFF 1100s DX
B CHEZ(LEMHZIT 272, Z DFfZ ChangeFinder
DRIA=R%Z, %001, LZ75 L7 ZHIZX
DIRERE S ETOHTIEFEEEZROO T, BAIRA
7V Fig. 4 DX S IWTHHRINT/NE {7z B @b iz,
DF D, BAIOBRRTED L XRENETI TR &
L 2 HIlT s 2 HPHAY 2 < b3 0 R BRI IR X 4
TLEWV, EFREZELIEETES, BERELE
RIS FAE LT b Dh, —EFEH oIz X -

@ W= 53

TLEV, EFRERZELCIEETEY, BEFOE
WCERHE D FAE L T2 b Dp, B H LI X -
TIFMECHETE S X5 1XkoTe, ZHICK D EEE
S0 ICRRET B 2 LT RERES 12 X 3 ZLABHD
BoHIBCcE, RIZETHM Lzd 02T 24
iz o 7=,

C DI B N7 2L RINANZ 289 ) 72 o 7zo 1RR
L7m il s 2 2. 2RO 1/4 1% ADR recycle 1<
X 2 IREZ R RE RIREZ(LRZITH D, AR
Hie LR EBRA L TWe, L L—HT, D
FIRER O ER 7Y v FIC &k 2 BRI EARMAIT 5
WD N REZAURF L Z A L Tz, Ths 2 H
DERS 7z, DIk a— Y R T 4y 7R FikkE
RBHERH D, ChangeFinder D AIZ & B IREZ(LR
T, SEIBERE 3 2 2 IRFZIRENIEE L 2T
Sz,
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Fig. 4: 2022/1/29 T® ADR Recycle R DIREZ(LICBIT 5, —BFE
HoZdtrizxa7r (1) tZBHOZ bR a7 (). T
MDD, B H TELEBIZ LTV BIRAITH %,
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Fig. 5: 2022/2/5 TOIRERE & FFOMRMELICBIT 5. —BRFEHO

ZltmRxa7 (b)) ZBRHOZEAa7 (R, N
RO A, B H TALRBRAZ LTV BINLITH %,

4. FER - EE

AT, XRISM RIS N7 I v 2 a U143 Re-
solve DT — RIS 2 BERFN 7 L3V X L DFAFEIC
DWTHAST LTz, i BEABR 7 — & % D TR SE E Y
BFEZ WV, Resolve BB DT L X+ Y F—XIZHN
L EORE MR A XART MLICEEN LR
He, MEBORET - RICEENBE— Exfge
L7z

FFRYE )4 XZART FABANZOWT, SENZ
MTQ / 4 X ¥ beat / £ X ¥\ 5 BEAID BH % M o
Re Ll MTQ / 4 RICBLTE. #Hifid b8 icd
¥ D% SGD Classifier ZHIWTHHZITo 7245 R, B
FRIER 1.0, BEEMER 0.04 TOMREATE /2, Beat /
AR LTIE FHEID D FEECDEDE, 7T R
2V ¥ 7k AW ERGAZEEE TR 21T o 72
TR, HIGMER 0.9, BI51ER 037 TomtATEs 2
LHIRENTZ, MTQ / A4 R LTld, ¥mzeE c—
RENCHVWSN 2 ET AV EHA LGS ORRTDH 2
A, ERLEHOEERZLRLOBRTHZ e
Tz, Beat /A B LT, EYRBEEZRES

22T, TOREBERTOMHNTE S Z IR
ST, FIRFCBIFERIE S R D, BRRAHIAZ
2B et WRIT, FATHIEP THET X
72 VQPCA D X5 7%, WHEHVWLNLET L LD HE
M TV O B EGEREE 2 ST L. Rl TER
FERFIEZ AR ELEZ LN,

Tz B IR EZCRZIBANC DWW T, MR E DR
EF—2%f 5 HUE U, 289 ROREZZ R
HL7eo ZOE E2DOMAL7ZZLRITIE, IEH 7 ADR
recycle 12 & 2 imEZ L & 2NN OIREZ(LDRIE L
TWz, 21KD 55 1/4 13 ADR recycle 12 Xk 2 iREZE
LR RE LR ZFZ] (MR T5HD) THhot,
LALEDIE, BERS X7 ) v FIT Kk 2iREEL
THolzo HIZ, 73V XL ¥ LT, ChangeFinder
DART A =R FHTHETT 2, #EHY)Ro— 27 4
NRZHT T R —RDERL B %2 2 BRRETH1T %
7Y, ba—VRT 4y ZITREEE RO T i
DRETH o7, BHE /A XARY ML OBHTHHW
7o HT BRI B B TR L B R R D BRERE AR
LI TIRRR RN FE 2 vz, Zhz Rt
T 37=H121%. ChangeFinder LIt HIDZEAL sSARH]
TN XLBRET2RENDZEZOND,

O

SLEOREE IHEWR, FHBEREAT SAEMR, E
LEGECERAD XY M ETEW, RFFLEED
% 9 ZTHBIMEREITIR o7, FHEVAMIH BE IR
%, MHEERLRY: PN IEEREBER. KO XRISM Resolve
F— LA N—DERICHELZ LT 5,

References

[1] S5 R, L B—, K3 S22, il 3KER, M B B
KEDTF =P A4 > T 4 A N BRAE: Python TFE2EIH
LTERT— X 9HT. < 4 F EHAR. 2019. p198

[2] §Z B, RA MR, G, BT EFIGE. RICHITR O P R 22
% O 72 BE U TR O FEBE, JSATL Vol.JSAI2009, 2009. pp.
1B12 - p. 1B12

This document is provided by JAXA.



[3] &M B, RRYIENT: ACEREE 7L - REEHEET L -
BLE A, Timeseriesanalysis. 2£37 HAR. 2019. p. 155- p. 157
[4] KURIHARA Miki, TSUJIMOTO Masahiro, ECKART Megan,
et.al. Ground test results of the electromagnetic interference in
the x-ray microcalorimeter onboard XRISM. In Space Telescopes
and Instrumentation 2022: Ultraviolet to Gamma Ray, SPIE, Vol.

12181, 2022, pp. 1445-1458.

[5] IMAMURA Ryuta, TSUJIMOTO Masahiro, AWAKI
Hisamitsu,et. al., In X-Ray, Optical, and Infrared Detectors
for Astronomy X, SPIE, Vol. 12191, 2022, pp. 763-770.

[6] CHAWLA V.Nitesh, BOWYER W. Kevin, HALL O. Lawrence
,PHILIP W. Kegelmeyer SMOTE: Synthetic minority oversam-
pling technique. n Journal of Artificial Intelligence Research. Vol.
16,2002, pp. 321-357.

[7] SHIRRON J. Peter, KIMBALL O. Mark, JAMES L. Bryan,
et.al., Space Telescopes and Instrumentation 2016: Ultraviolet to
Gamma Ray, SPIE, Vol. 9905, 2016, p. 990530.

(8] FHIBHRFAHI R X MR HE O &) ORERERRICH
T 3/PNERER, X MREE ASTRO-H 0 A1 BEHESH
HREE, ESLOTFERFERN T2 OIS, 2016, p.
22 -p.49

[9] KAWAHARA Yoshinobu et al. Change-Point Detection Algo-
rithms based on Subspace Methods. Transactions of the Japanese
Society for Artificial Intelligence. Vol.23 . p. 76 - p. 85

[10] H:F M, A2 FF, BEME 2 Z{tF%] = Anomaly detection
and change detection, ####ft, 2015, p. 3

[11] HASEBE Takashi, IMAMURA Ryuta, TSUJIMOTO
Masahiro , et.al., Ground test results of the micro-vibration
interference for the x-ray microcalorimeter onboard XRISM.
spie. Vol. 1218. 2022. p. 1527 - p. 1539

[12] BOISBERRANGER du Jérémie, BOSS-
CHE Van den Joris, et.al., scikit-learn. 2007.
https://scikit-learn.org/stable/index.html 2023.4.17
2

[13] HAMEER. METEERRY —2 7y 7. & B
2020. p. 210

55

[14] TAKAHASHI Tadayuki, KOKUBUN Motohide , MITSUDA
Kazuhisa, et. al. The ASTRO-H (hitomi) x-ray astronomy satel-
lite. SPIE. Vol. 9905. 2016. p. 99050U

[15] TASHIRO Makoto, MAEJIMA Hironori, TODA Kenichi, et al.
Status of x-ray imaging and spectroscopy mission XRISM. SPIE.
Vol 11444. 2020. p. 176

[16] ISHISAKI Yoshitaka, KELLEY Richard L., AWAKI
Hisamitsu et.al., Status of resolve instrument onboard x-ray
imaging and spectroscopy mission XRISM. SPIE. Vol 12181.
2022-9. p. 12181

[17] HASEBE Takashi ,IMAMURA Ryuta , TSUJIMOTO
Masahiro et.al, Ground test results of the micro vibration inter-
ference for the x-ray microcalorimeter onboard XRISM. SPIE.
Vol.12181. 2022-8 p. 1527 - p. 1539

[18] TSUJIMOTO Masahiro. Development of the data monitor sys-
tem of the Resolve instrument onboard the XRISM satellite. JS-
SI. Vol.12.2023-2. p.1 - p. 6

[19] ISHISAKI Yoshitaka ,KELLEY Richard L.,AWAKI Hisamitsu
et.al., Status of resolve instrument onboard x-ray imaging and
spectroscopy mission XRISM. SPIE, Vol 12181. 2022-9. p. 409 -
p- 430

[20] KANAO Ken’ichi , YOSHIDA Seiji, MIYAOKA Mikio et.al,
Cryogen free cooling of ASTRO-H SXS helium dewar from 300
K to 4 K. Cryogenics. Vol. 88. 2017-12. p. 143 - p. 146

[21] FABIAN Pedregosa. GAEL Varoquaux et.al. Scikit-learn: Ma-
chine Learning in Python. Journal of Machine Learning Research.
Vol.12 2011. p.2825 - p. 2830

[22] LARS Buitinck, GILLES Louppe, MATHIEU Blondel et.al.,
API design for machine learning software: experiences from the
scikit-learn project. arXiv preprint arXiv:1309.0238 2013 p. 108
-p. 122

This document is provided by JAXA.



TR AE R GE =

ao

57

YERME~ VT2 TRV RERT & I e T o 2 L BRI
D R FHFEIT & rTHRIE~D HL D FH A

NI SRR, ER 3

Exhibition case study of the rear projection digital globe
with hemispherical multi-touch panel function and portability efforts

KOYAMA Yukinobu"!, YOSHIMATSU Hina"!

ABSTRACT

We previously reported that we had developed a hemispherical multi-touch panel function for the rear-projection
digital globe at low cost using an infrared method. We concluded that it is necessary to accumulate examples of
implementation in outreach sites and to receive feedback from them. Due to COVID-19, which has spread since
2019, opportunities for face-to-face outreach have drastically decreased. Even in the case of face-to-face outreach,
it has difficult to exhibit multi-touch panel functions to avoid virus infection through contact. However, based on
the accumulated feedback from exhibition cases, we have developed a portable rear-projection digital globe with

multi-touch panel function, a content forwarding controller, and a large trackball.

Keywords: Hemispherical multi-touch pane, Exhibition, Portable digital globe

M E

FBH DL, WHEEAT VX VHIEREO 720 O E ~ VT F » T30 UEEEE & ARIMR )T TR
¥ LI-EZ@mECRE L. 2L T, 77U N —FHRG~OHEARHORBAERE, TNOL1LE6
NDT7 4 — RNy IRMETHD Efbmm LTz, 2019 FFNSLEEL-HM a a7 oA L AEGEIZ K -
T, A TOT 7 N —FOMENHBH L=, T L THEIICLDT Y M) —FDOEETH-TH, il
IZE DA NREGZRET DT, VT X2y TFARNAEREOBTRINNETH 7. LLRnb, B
REGIEEAER, FO5NET 4 — KNy 7 &R, i~ LT 4 v F o3 U & IR AT
VAN, 2T UVIREEY 3 br—T—, KB NT v 7R VAR LT

T 2023 4F 11 H 30 HZA{] (Received November 30, 2023)
TR T P S A T AT A TR (Department of Comprehensive Engineering, KINDAI University Technical College)

This document is provided by JAXA.



58 SFHIZEWFIE B AR U IT B S A JAXA-RR-23-007

1. ¥EBXOEH

FENHERBRIEAZ SR L 572D DEEDOD LS L LT, FUXNMMBRENRTONS. HbDHTY
ZNVHEREOT TS, /I FERIZBWTHIR TR TEARRERT ¥ # VLK & L T Dagik EarthV23 285
bhb. ZNEBETHZODOa L ha—F—L LT, T ARFEEM 7 — 4
Boary bt —J—Rlofkxrar bhme—7—NIhETRITENTE
S, Bk & fih o> CEEMICEMECEX b ba—F — 3o, ZOk
EEEEZ TEHELDO I NV—T1T, 1 IZR LeiymE T & 2 VgD
TeODEEKE~ VT Z oy FRxNV %, MR RGN THRE L2 & 2
B ZOWETIE, EERE~ VT Z o FoSROUBREN & T U 2 L HERRE
OT7T YN —=FERIGIZB T ORREAELEAER, TNUHNLT 4 — Ky
I EGDHENMRETHD, LREAT. INERE X T-ARGRICTIE, PEkm~
LNF B F AR E TS AMREDT ¥ R ) —FOEF 2 ErE X1 Py TRETOR

=il

n, BaRBEREPNELTT (— Ry 2 52T 5 L2 EMLT . EBRAT 2 5 NV HIER

2. B F R VDHKER L JRE

M2 oEBY, 77V NVEEKOKEICRIMEEZ AST 5. AS L7ZRAMRIZA RV OIEANCHE- T,
BT U726 oAl OSIZEIZET 5. R 72 BT RS S i, RO A Z IRt S s, ok
SR A A Z OBRIEK 3 @ Community Core Vision(CCV)IZ AT &1, JFERE EBEX7 RLRRD B
5. ZOMEEERBEINY X, TUIO 74 77 VW T 7 r—y a2l - T, =7 2 BEICH
S b, HEREOREEEEL 225 2.

nl
finger AF AR
X 2 AR RO Z v F 3% L0 X 3 COVIZKD~ILTFZ Tt

This document is provided by JAXA.



FHE AR SGE B 59

3. BoREH

3. WIEz a2 —U 7 AITBIT 554
B 4 IR L7eL DI, RKIRFIMETOWTZEDa I 2—U7 AIZBWT, FERYALTF X v F 0
REfF S WAL T ¥ 2 )V HIEREE O R 23 2020 4 8 A BBt STz, FHE L O 7 N —T 0% Lz —
K7 = 7|2 Dagik Earth 72y =7 "B ABRALTWH a7
VY ERFRL, WITEZazxZ v 7 NEA LTV, ERXD— e
EET VIO L T 7T Ry MEDLELOD, %
D% 1% 1x4 O SPF MEa—2A ALy RiEd L TRIELT-.
AHRPEE ZE L, 2Ty FEICTERO L TEHNASEECTE 5 &
IR TWWD. BRBBRIXa Mok Tho7T-720,
B o m oA 2Tk L THERYE S D R EEEA 2 & A

PREE - FEAEAE L HICRE L. RENFELCHhSE M4 WIEzala—Y7 A
BEThDT0, HEL v F R ETmMORE Y SN AT B DR
Hoi.

3.2 ERARFILEREFHEMARREHEITBIT 254
EHODFTRT 2R T EEF R DOKERE BT, 2021426 H 29 H2vH 8 H 2 HITHT
T, “HEMEEEER BERE IR /DU TR L THIERES ) CREL, HERPLIZEET 5 XE,
WAL —, SOITHmREIT V2 VHERE 2 iz
EEAEEREX S OBV L. FillanF AL
ADEIEDT= DI, 72O O D D xRz EICE Y
B DRI TH - T2120, X v F /3 UERED R IT
Wra L7z, K oRm & Ebicar 7Yy Eby,
HERZ BERSH 5 Z &L TREkE b 00— o#(E
NTERNIZD, -x DT NL—TNEA L TWEH2—H A
YR T == AT ORISR T 4 — Ry 3G 6
Mmooz,

3.3. Maker Faire Kyoto (23517 % 54

2020425 H 2 Hinb 3 HICT V2 VIR 4 R TiE ¥
ThHoln, FlanaF oA )V ARYED EIED 7= (T
Maker Faire Kyoto 2020 |ZH 1k & 72 > 7. 340D Maker Faire
Kyoto 2021 |34 > T A A X F Tho O THEEZ LA
bl SHICIFHREFEDOERM THYEa T v A 12
JEYIE ODARPL DI B A5V TUN R )y 7= Maker Faire Kyoto
2022 [FBME SR 72 £ LT 2023 424 H 29 Hinb 30
H 2 > TR & 417= Maker Faire Kyoto 2023 (2, & 51
TUANMERELZHRL, RGENLT 4 — Ry 7 245

6 Maker Faire Kyoto 2023 IZ8BIT 5
FUANHEREDRETR. EOAL - TnDEE
RNT X VHIEREO - ERA 7 ) — 0 Th 5.

This document is provided by JAXA.



60 SFHIZEWFIE B AR U IT B S A JAXA-RR-23-007

7o, DO T WA —T A 7 R_R—=2a e X —IZBN T, F¥ AX —O DWW HEEEZ Vi
RPN Th o772, 5 0 400 ¢ OF-EROYGHERFET ¥ Z VHIEREOERLAKNETH D, X612
RUT/INE 72 100 ¢ ON-ERO AT O 2 NVHIBRKEEZ 2B L TR R THZ L & oTc. ZOFEMICD
WTCIE, 4 8IS THEAT 5.

3.4.2023 FEEF 1 BT KEEAS—T X ¥ U RRIIBIT 5EH)
EH LDTTRT DT ATF TREEEHMERICB T,
20234E 8 H 4 B/ 5 5 BT/ CRMES L2 2023 4545 1
ELEREEA— T F ¥ R AIZBWT, T O LR
Z M L7, ¥ 6 ® Maker Faire Kyoto 2023 & [RIERD B/
Thod. 202345 H 8 BIZHH a1 F 7 A )L A EKGLIE D
JRYIETE EOBUD A 5 BHRYIE~E T S LI TC
HELOTORERRTHY, KEEBOHIR, A7 DEH,

TV a— ViR EORFINR I VIREE TREREZITV, £ <
DFIFAFIN LTV, BT 2003 B | HIERRRA =T %

IRANZBT DT VX IVHIERR D R

4. WHRAEIRE < VT S v FARNARREN S EFERERT V4 NV HIERE

33FDOLEBY, HSITRLTZ 4009 DFERA 7 U — 2 ZRFORE I BRI~ VT & v T3 UIRERS
TWH BT V2 VHERBIIIRARECH 72, ZnEBE 2T, Atz m EXE 5, Pk~
VT By FSFOVEEREA E W R T O Z VHIEREE O/ N 23R A T2, X 81X 100 ¢ O ERD AT <
NTFZ oy FRXVBERMA E BT EEEAET U2 VHEKETH
L. eBREOLD, HlHERVbhoTND., Ty s ¥ —
%, 231x61x173mm, 0.14kg, 50W, 5V3A, DLP Ji =,
854x480pixel, 16:9 737~ A[HE T A 100lm @D HP ££0> MP100
EHEALE. EVRATa Y7 X 0% <0 3,000lm F2ETH
0% LT, 100lm (ZR LTHL L 20, LLAaRs, 7
DA NVHERBEDERZ /N L2720, B5897 BRI R 5
ERETDHIENEGHITRY, AL RWIIEEZM S Z &2 K8 Al mEEi~ L F 5 v Fixn
AIEETH 5. BRERT & 7 U X LV HIER R

IR T RO~ VT & FRIFUERE 213, 1.7 v F LT

RUNREEZ RN A T TIRE L, 2. T DBRCE > TW A RMROE BESRZ Y 7 b =TIk > T# L3I
X, 3.4 v FREOFINE DS R L~ U ABIEICHSIT 5. 20k, Xy FIZLHEROTH, &
DI TN v T EN L TERICEESNTNDT 7 VRO THBRRET 5 L, HORIIMED
BRGEELIKLERD D, Kadlx LT 2RO E RS EZBNICELSIK K> Y7 by =T
RELTVDHDD, BERLT 7 U AP RE SEYWZERICITEREIILETH D, £ LTI OME,
RERERLID G/NEREROHGNEE /D . £22C, 3 IH 774 %O TAP-F37CLAMP 7 A 7
I T T VA NVHEREOERICNALIED L, £DO7 TSI o THLEFACTREET AL Lz,

This document is provided by JAXA.



FHE AR SGE B 61

ZHUIZE ST, v TF Xy FAREXNMEREOFTEREL TT L2 LI TELLOD, AT F ATV —0
BEHIIRIZEB TE TR,

LAHITI OptoSupply #1093 ¢ DFRFME LED @ OSISLA3131A
ZRNESITROZ » FRRNADHIRE L THER LTV 2,
T VA NVHIERE DO ERO/NUGIZE, SEIRO /N LS B
Lhpolz, T T, RABROE— 7 HEMN 940nm, HE A

, N5 M EE T 100mA D ERD HUTREE A 20mW/Sr Td %
OptoSupply 1 3.5X2.8 X 1.9mm D7 [ FEEAYRIME LED O
OSISLASICIAYZ AT, X9 OREIEFRIMRE Y 22— K9 REFEERIRLED T2 —/b
AR L7z, #ROME LED OEME A @O THEMRS L7zZ LIZL - T, ¥ vy FRIBIIES IR o7,

5.2 7 UVIEEY 2y he—F—0BR%E

PC DF —h— RV U RAZHWTT VX NVHIEKEZ BET 2 2 LITATRETH D, L Laed s, Rff
EZBOFMEZRR LT 2RAFAOGEL, fIK2 Lo IO 0BFEIIMETH D Z LAY, BaREd
EBUCHMholz. T CTT VX NVHERERAMNT = be—
F—LLTC, K10 oaryTFUoYEEY 2 ba—T —%B
WU X HTERTED SW-120S LA T T AF v 7 r—

12,580 D IAGHEREDOMS-313-TF— AL X —T
aAA T ERVAT, Sk a—~vr oAU H T = —
A+ T /NA A (HID: Human Interface Device)#&#E % 9 5
Arduino Pro Micro ¥ A 2> AR — REFAIALTE. ZOa T
VUNEREY v b — T =i, @ETLS S LEEERE
KO Z &b IEFEHICRI I ST D

Zoarybtun—7—%, PC LTI vFoEKSY 7L,
Web il ® Dagik Earth O %a > 7 oY RHLMUOAEINTWL Z L&t §5. v~ 7= b
n—7 —lEZXAENTZT v 7T L0 438 RN¥ U ANZBRE LIZEEIZ, USB #ftZiL7z PC IZ
Ctrl+Tab ¥ =N AN SN EWIHEFEHEETSH. T LTPC LOT 7 UHTIE, ROF ZITHREI N
AT UGV RO ATH D, FERICL T, TH 8D ) R R En=5HE1%, Ctrl+Shift+Tab
%Hﬁﬂﬁéhtkwéﬁ%%mntﬂﬁhPci®77ﬁﬁf L, BiOZ TICRESNTca T Y
2B b 5.

K 10 =7 oYExyary ta—7—

6. KB N T v 7 R—/LDBAR

FikDEBY, REFTRO~NANTZ o FRRIRIEA T F A7 Y —Tid7e <, K, AN2kb
FEELELTDH, ZhICE > TRIAEZE-ER2VWE DT 572018, MR a— A 27 x2—R
ERAELCHATILNENDD LA Lz, £ 2 THERZERMICE L TWDREZE2DR N —Y
AVHT2—AL LTI OKMNT v 7 R—LER L7200 0 Okx/e LT 7 U LERE — S84 L,
MIROZM 72 TR~ T AZ Vo< VIRTZ LKLY, NT v 7 R—oBEEZRHLEZ. 2z

This document is provided by JAXA.



62 SFHIZEWFIE B AR U IT B S A JAXA-RR-23-007

T, B a7 UVIEEY 2 b —T —HAAATE. A—T % v VR REDRIRA Nk CfiflE]
DMEALTWVDH, WINbEE L TEfELT.

7.5LD

FSCTTIE, PERE~ VT H v TSROV RER S WAL T O X NV HERIE O BIRFEHIZ OV TR
. Dz D DIEE M
L7z, 2o @O0 mTcoT v b U —F O 03 E H..n 1

L, EEEMICLD VA NVABEPBEINTILVTHZ v T
FIHERED BRI NNEE ChH -7, LInLens, BFoihizr7 4 —
Ry 7 Z5tl, AR ERE ~ L F 2 v F o3V EERE ST &
TERT X VHEREE, =T o VIEREY a2y hr—TF—, &

IR STy 7 R—/V&BRFE LT, 2023 455 A 8 HITHT
a0 A L R EYE DRGYETE OB D3 5 FERGLE ~
EREX77280, BUOAEBLOEBRIZED 74— KXy 7 %20
WL, #oF RFIERENA LT F A7) —CEATED &
72D LA AT,

X 11 KEKrT v T7HR—L

E S

Maker Faire Kyoto 2023 |23\ C, 7 VX AMHIEREDRR, B, BEEOe TV 72827k -> T
<o, IR FPLEGFGMFROEKAHEK, REEAK, AAMER, BLOWL FIRERICESE—
[FHEREH 2 LET.

> Z B

1) e BERN, A s, w1 i, SE R, ZRRRBREICRWTT VAR A FZE TS
TODLYy 7 T —AORRE, FHAEG RN GE, % 6 %, 2017, doi:10.20637/JAXA-RR-16-
007/0012.

2) /Nl S, EEH M, H9E {ETY, Pipatpol TANAVONGCHINDA, 2 8L, MR T ¥ & L HiEk
f#% Dagik Earth D72 OB~ /LT ¥ » F/IRVOR%E, FHEHHE RN GE, 2 8 5, 2018,
doi:10.20637/JAXA-RR-18-008/0003.

3) Maker Faire Kyoto 2020 Hi /B & #H(GI K & FE 2 <° F4F), https://makezine jp/event/makers-mfk2020/m0006/,
ZMHE 2023411 A1 H.

4) Infrared SMD LED OSISLASICIA, https://akizukidenshi.com/download/ds/optosupply/OSISLAS1C1A.pdf,
ZHH 1202348 7 4 H.

This document is provided by JAXA.



FHE AR SGE B 63

Preliminary Study on Literature-Based Classification of Space Missions
TSUNODA Takehiro™!, DEMURA Hirohide !, HASHIMOTO Yasuhiro ', OKUDAIRA Kyoko™'

ABSTRACT

This research explores methods to enhance the long-term value of space missions and projects, particularly
beyond their operational phases. Grounded in a review of existing literature, the study introduces a novel approach
to the missions by analyzing their publication histories, with a specific emphasis on the temporal pattern of
publications. This vectorization process is designed to quantify the influence and progression of space missions over
time. While the current research focuses on this temporal aspect, future work aims to incorporate a graph-based
citation network structure. This more complex model will examine the detailed interconnections among publications
through their citation links, potentially revealing deeper insights into the development and impact of space missions.
The present study, therefore, serves as a preliminary exploration, setting the stage for further advanced analyses that

will investigate the complex network of citations to understand the broader impact and evolution of space missions.

Keywords: Space Missions, Data Science, Project Management, Digital Object Identifier

1. Introduction This Research Future Work
The advancement of large-scale space development

projects, such as NASA's Apollo Program [,

Papers E

underscores the critical need for effective project
management. Recognized frameworks like the Project

Management Body of Knowledge (PMBOK) 2 have

Time

been developed to guide project initiation, management, o
4 Mission B Mission B

and completion. This research extends these discussions

Papers

by focusing on strategies for enhancing the long-term

value of space projects, even after their operational

phases have ended. . ‘\

Time

To measure a project's value, we propose a “ripple

Clustering of space missions

effect” metric, measured by both the number and
Y

interconnectedness of academic papers generated from

the inception of a project to the present. This study
represents a preliminary step for future work, which T ]

[3.4,5]

aims to identify and recommend untapped areas in

A B C D E F A B C D E F

space missions by clustering missions using a graph- Fig. 1. Clustering analysis of space missions

T 2023 4F 11 A 30 H32 A (Received November 30, 2023)
" &MU (The University of Aizu)
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based citation network structure.

Figure 1 delineates the progression from the current
study (on the left) to the anticipated future work (on the
right), illustrating our methodological evolution in
classifying space missions to pinpoint unexplored
opportunities within the field. The present research lays
the groundwork by clustering missions based on the
temporal sequence of their scholarly output. The initial
step, Step 1, presents a bar graph for each mission,
where the bars’ height represents the quantity of
published papers over time, segmented into phases from
the mission's start to the current period, each
distinguished by a unique color—black, blue, red, and
green—indicating distinct operational phases. The
subsequent step, Step 2, involves hierarchical clustering
to identify groups of similar missions based on their
publication patterns. Future work intends to augment
this approach by analyzing space missions through the
lens of their citation networks. This expanded analysis
will visualize the connections between publications,
denoted by color-coded periods akin to the first graph,
Step 1°. This addition will allow for the incorporation of
citation counts and nuanced paper characteristics into
the clustering process, thereby offering a more detailed
comparison between different missions’ influences.

This research has two primary goals: First, to define
a characterization vector for space missions based on
existing literature; and second, to classify space

missions for future identification.

Table 1. Mission names and associated research fields

Mission Field in Space Science
Name
Akaril”! Infrared astronomy
Akatsuki''®  Planetary atmosphere
HALCAI'!  Radio wave astronomy
Hayabusal'?!  Primitive asteroid sample return
Hiten!'¥! Orbit engineering
Kaguya[”] anar science, interplanetary
science
Sakigake Cometary science, interplanetary
/ Suisei™  science
Suzakul!®! X-ray astronomy
Tanpopol!7  Astrobiology
Yohkoh!!#! Solar science
2. Method

2.1. Data Source

This study focuses on selected space missions listed
in Table 1, chosen for their representative roles in
Japanese space science. These missions span a range of
research fields, including infrared astronomy, planetary
atmosphere, radio wave astronomy, primitive asteroid
sample return, orbit engineering, lunar science and
interplanetary science, cometary science and interplanetary
science, X-ray astronomy, astrobiology, and solar science.

We have compiled a literature dataset presented in
Table 2, sourced from the Astrophysics Data System
(ADS) ® IEEE Xplore® [ and ScienceDirect® [,
Papers were extracted from these databases by including
mission names in the title or the abstract. This selection

method indirectly considers the citation counts of initial

Table 2. Space Mission Dataset

DOI Title Year Journal Name Field
10,1016 dcarus 2022.115370  (orble studies and SELENE 5093 127 S
aguya) ...
10.1109/JDT.2010.2052452 Con\_zersm_n Method From 2010 Journal of Display E
Moving Pictures ... Technology
10.1038/nature08317 The - global distribution of o549 n e H

pure anorthosite ...
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result papers, thus facilitating the identification of
papers related to space missions. The dataset comprises
five key attributes: DOI and Title are used for
identifying individual papers; Publication Year
measures the timing of each publication; and Journal
Name and Journal Field are employed for classifying
the papers; The Journal Field is categorized into two
primary fields and one cross-field based on Journal
Name. Two primary fields are ‘Engineering,” which
predominantly publishes papers related to engineering,
and ‘Scientific,” which focuses on papers from various
scientific disciplines. However, this classification
encounters difficulty when categorizing journals that
publish papers in both engineering and scientific fields,
such as ‘Nature’ and ‘Science.’ To address this issue, we
introduce the ‘High Impact Factor’ class, as these
journals typically exhibit higher impact factors
compared to other journals. These categories are
combined with Journal Names to address the issue of

sparse data distribution.

2.2. Visualizing Space Mission Features

This research categorizes each mission into distinct
phases. Phase 0 extends from the start of the mission to
the satellite launch. Phase 1 spans from the satellite
launch to the timing of initial reports plus an additional
two years. Phase 2 starts from this point and lasts for the
same duration as Phase 1. Subsequent phases are
defined in the same manner.

These phases, along with three categories—High
Impact Factor, Engineering, and Scientific—are
visualized in bar plots, as exemplified by the HALCA

mission shown in Fig. 2. The horizontal axis represents

the summation of all phases as well as individual phases.

The vertical axis displays the ratio of papers published
in all phases and the percentage of the total number of
papers in each phase. Dotted lines indicate the end of
operations, while solid lines represent the current time.

Bars are colored green, red, and blue to indicate High

—“ Hayabusa
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Fig. 2. Visualization of HALCA
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Fig. 3. Visualization of Hayabusa

Impact Factor, Engineering, and Scientific categories,

respectively.

2.3. Definition of Space Mission Vector

In this section, we introduce a methodology to
represent space missions as vectors based on their
scholarly output, which serves as an initial phase
towards adopting a graph-based citation network for
more complex clustering analyses in the future.

Our method categorizes space missions based on the
timing of their research outputs. The first category
bulk of their
publications between the launch (Phase 0) and up to

includes missions that have the
Phase 2, indicative of early output. The second category

consists of missions that continue to generate significant
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Table 3. Space Mission Vector

-2 1
Mission n22(% P2+ 205> PU-D2 01 ALH | AILE |ALS|| P03.H | P03 E |P03_S
Name = =
Akari 1 1 1 0.0742 [0.00606 [0.92 |-]0.0106 [0.00152 [0.185
Akatsuki || 1 1 1 0161 [0.119 [0.72 |-{0.0424 |0.0593 |0.195
HALCA | o 0 0 0167 |0.0476 |0.786 [ {0 0 0.0238
Hayabusa | 1 1 1 0.296 [0.0788 [0.626 |-10.0394 |0 0.217
Hiten 1 1 1 0625 |0 0.375 [-]0.0312 |0 0.0625
Kaguya | 0 1 1 0248 [0.0254 [0.727 |-{0.0212 [0.00212 |0.127
Sakigake/
0 1 0 0.0769 [0.135  |0.788 |--|0 0 0.0192
Suisei
Suzaku | 1 1 1 0.0336 |0.00468 [0.962 |--{0.00781 [0.000781 |0.23
Tanpopo 0 0 0.217 |0 0.783 |--|0 0 0
Yohkoh | 1 1 0 0.0249 [0.00277 [0.972 |--|0.00461 |0 0.291

research outputs well into Phase 3 and beyond,
suggesting a late surge in scholarly interest. For our
analysis, we consider the 'active lifetime' of a mission to
typically conclude around Phase 2, the point by which
primary objectives are often achieved, while also
acknowledging that publications can continue to accrue
long after.

The 'space mission vector' contains 18 elements that
quantitatively capture various aspects of a mission's
publication record. The initial three elements assess the
temporal distribution of publications, represented as

binary (0 or 1) values based on observed patterns:

e Full bloom (n = 2): This indicates whether the
mission’s peak publishing activity occurs no earlier
than phase 2. It is set to 1 if the peak is in phase 2 or
beyond.

e Long bloom (Y!Z3P(2+i) > 0.5): This checks
whether over half of the mission's publications are
released from phase 2 onwards. A 1 is assigned if this
criterion is met.

* Late bloom (3}_, P(l — i) = 0.1): This determines
if the final phases account for more than 10% of the
total publications. A 1 is assigned for a significant

late-stage output.

Here, 'n' denotes the phase with the highest publication
count (peak phase), /' the latest phase, and 'P(i)' the
number of publications in phase '7'.

The remaining 15 elements of the vector provide a
phase-by-phase ratio of publication types, capturing the
impact and focus of the research output across High

Impact Factor, Engineering, and Scientific categories:

e All H/ All E / All_S: These elements reflect the
overall ratio of High Impact Factor, Engineering,
and Scientific publications across all phases.

e P00_H/P00_E/P00_StoP03 H/P03 E/P03_S:
Each set of these elements corresponds to the ratios
within specific phases, from the launch (phase 0) up
to phase 3.

This detailed vectorization allows for the comparison
and assessment of missions with varied durations and
research outputs, such as Sakigake/Suisei's extensive
14-phase timeline versus Tanpopo's shorter 2-phase

lifecycle.

3. Results
3.1. Identification of Space Mission Types

This study identifies two primary types of space

missions based on the distribution of academic papers
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published at different phases of the mission lifecycle.

These are:

Short-Run Type (SR): Missions like HALCA show a
high paper output ratio during Phase 0 and Phase 1 (see
Fig. 2).

Long-Run Type (LR): Missions like Hayabusa exhibit
a high paper output ratio from Phase 2 onward (see Fig.

3).

3.2. Hierarchical Clustering Results

Figures 4 and 5 display the outcomes of a hierarchical
clustering analysis. We applied the Ward method and
Euclidean distance metrics to analyze space mission
vectors, which encompassed data on the bar graph’s
shape and publication ratios for each phase. The
clustering analysis successfully separates LR missions

from SR missions at a distance of 1.7.

4. Discussion

This study discovered two types of space missions:
SR and LR types. These categories are based on the
timing of academic publications related to the missions.
SR missions are those that generate most of their papers
before the initial report is published, while LR missions
do so afterward.

We use these classifications to categorize missions
into three distinct patterns: Full Bloom, Long Bloom,
and Late Bloom, as shown in Table 3’s initial three
elements. A mission with more zeros in its vector
indicates an SR tendency, while more ones suggest an
LR tendency. The subsequent 15 elements depict the
ratio of papers published during all phases, along with a
percentage breakdown from Phase 0 to Phase 3.

Figure 4 and 5 indicate future work focused on
identifying and recommending untapped areas within
the realm of space missions. For example, in Figure 4,

Akari, Suzaku, and Yohkoh are classified as LR type

2.5 Long-Run Short-Run
Type Type
2.0
g 15
8
.g
011,10 (1,1,1)
0.5 1
(0,0,1) [(0,1,0
iy —— | lwdn | ©),0
T < N L2 2 w 2a x>
o S © © © c < T»
> %2] x > X © I ©>~
< & - n

s = 67

Mission Dendrogram

Fig. 4. Hierarchical Clustering of Space Mission Vector

with a distance of 1.7. However, within each cluster,
both Akari and Suzaku have a cluster distance of 0.2,
indicating their higher similarity compared to Yohkoh
within the same cluster. This research introduces a
method of target comparison through hierarchical
clustering. In our future work, we will define graph-
based citation network structures and employ
hierarchical clustering to achieve more detailed mission

classification.

5. Conclusion

In conclusion, this study has successfully met its two
primary objectives. First, based on existing literature,
we have defined a characterization vector for space
missions. This vector serves as a multidimensional
representation that encapsulates the diverse impacts of
various missions, offering valuable insights into their
strengths and weaknesses.

Second, we have applied this characterization vector
to classify space missions. Our classification framework
employs Short and Long-Run categories to account for
the timing and volume of academic publications
generated by these missions. This has revealed the
of evaluating missions through

process Space

vectorization. It has also enabled us to lay the
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Fig. 5. Result of hierarchical clustering
foundation for evaluating space missions using citation and broader societal impacts. This multi-faceted
network structures in future research. approach is expected to yield a robust framework for
This study represents a step toward understanding assessing and understanding the full spectrum of

how to measure and enhance the long-term value of influences on development of space missions.

space missions. It also provides a foundation for
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Development of low-cost magnetometer using magneto-impedance sensors:
Deployment of dense observation network to Kanto-Tohoku-Hokkaido regions
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ABSTRACT

In the field of Earth-space science, fluxgate magnetometers have been used to observe variations of the Earth's
magnetic field. Fluxgate magnetometers generally cost several million yen or more, making it difficult to deploy an
observation network that consists of many observation sites with a limited research budget. On the other hand,
magneto-impedance (MI) sensors were invented at Nagoya University in 1993 [Mohri, 1994; Panina and Mohri,
1994]. Nosé et al. [2022] improved MI sensors for scientific applications and showed that they can be used for
geomagnetic field measurements. In this study, we developed an inexpensive 3-axis magnetometer (Magneto-
Impedance Magnetometer using Raspberry Pi, MIM-Pi) with a price of approximately 1/5 to 1/10 of fluxgate
magnetometers, using MI sensors and a one-board PC (Raspberry Pi), and tried to construct a dense observation

network in Kanto-Tohoku-Hokkaido regions.

Keywords: Magneto-impedance sensor, Low-cost magnetometer, Dense observation network, Geomagnetic

pulsation
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BT D7, BEEICLIDNL A ADRKE L, BELLEEDN ) A XITHENTLESTNS & TS
N, TNHOT—2n0G, MBESIREIO F A RE L, 7 ARHEREIT) Z&Icky | fEkEno~7
TATEEREO S ERETHZ L EFE L TND,

# 1 FEHFTOAE

BUIET == MR [°] | MU [°] [MRERRREE [°]MBERRRE [°]]  L-shell

HEN Wakkanai WAK 45.40 141.75 37.36 210.06 1.583

R H Moshiri MSR 44.37 142.27 36.38 210.66 1.543
el Memambetsu MMB 4391 144.19 36.09 212.43 1.531
=l Rikubetsu RIK 43.46 143.77 35.60 212.43 1513

RN Akaigawa AKA 43.07 140.81 34.97 209.55 1.489
oo Mutsu MTS 41.45 141.12 33.39 210.04 1.434

EEG Shirakami SRM 40.52 140.22 32.39 209.34 1.402

KR Mizusawa MIZ 39.11 141.20 31.07 210.4 1.363

I Kawatabi KWT 38.75 140.76 30.68 210.05 1.352

J5 T Haramachi HAR 37.62 140.95 29.57 210.35 1.322

il ] Kakioka KAK 36.23 140.19 28.13 209.82 1.286

HEEF L Kanozan KNZ 35.26 139.96 27.15 209.72 1.263
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3.3. B E O HIBEKAREVE R IZ E-5 < MIM-Pi ORI REFLAT

ZAVE TITARRREE T3 D Pe3—4 Hulg KUIREN OB #5203 70 S4UT & 72, Sutcliffe etal. [2011]1%,  Hif
R EE—320~-34°1Z\.[& 95 Hermanus 33 J O Sutherland (28T, #RIE2NK 1 nT TEPEED 50 mHz O
RS B N B S 72 2 & 2 LT %, Villant and Tiberi [2016]1%, MG 36.3°12 /0 1E
% LAquila OF —# ZHEHICF~, BRSO E AT 55-60 mHz ThHH Z LA HELTVD,
Ziesolleck etal. [1993]iX, A—A FZ U T HEOR Yy U —7BHING ., HlskX#EE-42°0 Newcastle &7
D CTRENFRILIG DN Z > TO DB A fET L T D, EOIRIFITA 0.5 nT, EHEEIIKN 30 mHz TH D,
Yagovaetal. [2017]1%, HUEZAREEE 2359-33°0D Learmonth T, EEANKY 0.5 nT TEEEAS 25 mHz F2E D JJk
B S 2B AR LT D,

UbDz e, AL L - HBESEI R v N U — 7 OBEFEECIE, IBIE2Y 0.5 nT UL THEM
A 60 mHz XV AKRWUEHZ 17 B X0 BRUVHIRENN AT 5 L HE 41D, Nosé et al. [2022]12 L AviE,
BRAfiE iR Tk B Lz ML >3, 10% Hz 705 0.5 Hz OO SR E BRI C© FGM SR T X 5 72
INT =27 MV EFEOBIFRE RGO TS, (72720, —#OFITIEL, 30 mHz 775 0.5 Hz DU
—2 FGM LYV mWEa b H 5, ) £72. 0.5 nT FBE OHRIE O HRKARENZ DWW T, FGM &[RUT L 9 7%
WABRTE TWAZ EERENTWD, LMo T, BIE-ddb- i il T34+ 2 iz < IRE o
WFEALEEKS TRLELIICMIM-PI TH IR TESL EEZ TV D,

4. £

ARFIE T, [KAHAE CHEATE % MI 29 & Raspberry Pi 25 Z & T, FGM O 553D 1 225 10
53D 1 FEEE OAfikg TRUE RIREZ2 G ) 5T MIM-Pi 2 BA%E L7z, £ L C. FaaCBLAIET F & O R M fss S8
TOT A MAMZE LT MIM-Pi 37 4 —/L RU—Z IZFIHARETH D Z L 2R LT, ZOMEET
(2 EERICTB RSB R » b U — 75D -6 MIM-Pi O (& 2 BihG L=, BLR TITsdbds o 3 25T
O, A, LONIERENTE T LTEY ., 4RI ED E/NEIL L, MIM-Pi % 3% &3 2 81T
DAL L TV G TH D, 7o, FEMGERIR Y NV —0 THONET — X 2T 5 Z & T,
FHAZLOMELED TV FETH D,

o B

HEN. ARFRINL AKIR, JRET, EEP IO T — X X E T #PRpE L 0 b =72 & L,

AR KE: T ERBRBEATZEAT BE M B S AR I AR BRI & BN LT iR A TRt
WheTEEE L,

ZOBFIEE . B AR EIN IR B S B AR S 21H01147, 17K18804, 16H06286, 21H04518, 22H00116,
JPISCCB20210003 DBIAL, ¥ X OMFEERM PR B & 1L BHRFFRBLY A2 & ORI & 52 1 7= b D T3,
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Richardson-Lucy Deconvolution with a Position-Dependent Point-spread
Function of Chandra X-ray Satellite Imaging:
Enhancement of Sharpness in the Cassiopeia A Supernova Remnant

SAKAI Yusuke™', YAMADA Shinya"', SATO Toshiki'*!, HAYAKAWA Ryota™"', HIGURASHI Ryota™,
KOMINATO Nao™'

ABSTRACT

Artificial satellite-based telescopes face several challenges during space observations, often resulting in the
acquisition of limited information. It is imperative to maximize the use of available data and develop methods to
obtain more accurate results. In X-ray telescope observations, images are degraded due to telescope aberrations,
resulting in image spreading. This spreading is quantified by the point spread function (PSF). When studying the
spatial distribution of celestial objects, correcting for the influence of the PSF is critical to determining the true
distribution. In astronomy, Richardson-Lucy (RL) deconvolution [1, 2] is widely used for this purpose. Previous
studies in X-ray astronomy using this method [e.g., 10, 11, 12] often use a single-shaped PSF for the observed
images, limiting the correction to local regions where the PSF is assumed to be uniform.

However, when the region of interest extends over a large area where PSF variation cannot be neglected, a position-
dependent RL method [e.g., 4, 18, 3] becomes necessary, using the PSF at each position. In this study, we have
developed a program that applies the position-dependent RL method [3] to the entire field of view in the Chandra
X-ray satellite observations. We have successfully processed and clarified images covering the entire region of the
supernova remnant Cassiopeia A. This method has the potential to deepen our understanding of the universe through

image enhancement in the field of space observations.

Keywords: Astronomy data analysis, Astronomy image processing, High angular resolution, X-ray astronomy
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B =

AN TR EOEmEIC L 5 FHBINER 2 26l T Tirbitdicd, Bl ciohaERiz Lz LR
REVTHD, TOLI RIERERRBITEA L, L VN IEREZHSL72DOFEORBNEETH
% o X AR im s & O -8B C U EmE SR OUEIS L 0 BNE - TR S5 7 BI85 T 5,
ZOBOIEAY Fi%. RURILHBIE (Point-spread Function; PSF) (2 X » TRILSN D, RIKDOZERIIZR
DAISHIIERI G Tl 5556, PSF OB A EfEICHIEL TEORMEZRODMLERH Y ZDOHEE L
TR Tl Richardson-Lucy deconvolution 7% (RL 1£) [1,2]08 L <fEbivsd, DR, BIHImEGRIZx L
H—JEIRDOPSE 2 V5 Z &% < ZOFiEZ W XK STH B TOEITIFZEe.g., 10, 11, 12] TiE,
PSF B —#kCTh 25 LTI T & 2 RFTEIK O A RL EEZ W TW 5, WFFExIROFEK Y PSF D2 L) ik
HTE 20K 9 AR REPHIC M S A . FALED PSF 2 WL ERRAF R L ¥fe.g, 4, 18, 3]0 458 L 72
Do % 2T, AWFZE T X #ifiT2 Chandra OBLUHIEG O EF AR L THLEMKAFS RL IE[3] 2817
L7007 N R L RIS R AT A ORI O Eifg A LR UL T D 2 Tk
LTz, AFEZ, FHBISEIZ RO CEB ORI 28 U TFIHOREZ RS b5 TRtk a
DTV D,

1. 1IXC®IZ

FHERBRIC BT 2 RIFBINC L, BHPEESSZOHEMAICEB W TS EIE RGBS Y | £ < OLETTS
TEEUTHIRRDN 23022 o X FRRABIICIE, X EIESO LR DOINZED T2 |, i) R 213 Edst ¢
DESMEREDME T LIEBIER - TSN D, Z OFPETAJRIEH IS (Point-spread Function; PSF) 12 K&
Y 3 S5, PSF DR A IEREICAHHIE LB R KIKO B ORI /e ik HET 272010, 4 A—Y
TaryR) a—vaERAVWLND,

AA=VTarRY a—a K P TIED O el OB E A O T FIE E ClE L < BF5E
SITHEY . PSF BEEMMDEMNICEDSW TR SN D, FEHBLINTIX, #E S5 mEBICEFEMEDRRD 5
ND7, BRI X 2 PEAEEEA T2 2 LN LSRN Z < Wil 7 7 e —F 23—
MWbi s, X #fE Chandra D56, L EEfEPUE ETITbh BB R*y ) 7 L—v a3 U TET L
fbENT=EREE 7 PSF Nt ST\ A 728, PSF % U 7= d #7972 Richardson-Lucy deconvolution %
(RL %) [1, 2] & < i s, RLEIFBEENID PSF & BUNE LS, A AHEEZRERICHWS Z &
XV EORA BB EZHET HTFETH L, TOR I EZERIRETE.g, 6,7, 8, MR INT
BO, BIETH XHEH S CEbIL T Sleg, 10, 11, 12],

RL VE% W AT Cld, BRIk L E—JHR O PSF 2 WV 545357032 < . Chandra {752 OO |
G ik tre.g., 11, 12]TH PSF 23— & WA 2 /sl T A RLIEZFI AT 2128 £ > Tz, Chandra
i BRI ORI 72 D G MRTIZ 3B\ Tk, PSF OB RFME N R TE 22720, ST PSF O
EWZ @Y EE LB RL e.g, 4, 18, 3]0 BE L 72 5, (LB RL {54 AV 7= 56 TAR4E
ELTIE, FHON o~ BB T VAN ATDE— 3 7 VB OE T8/ END S, T~
BOTATIFE[A]TIE, — 2 DDA DOME E TR ILX— 2% LT PSF ZHETOILERSH L7250,
Chandra 2D L 5 e e FHORE VBRI TIIFE X Fom CHEHANE LV, —F, 7YX /VEE[18]
DYATIIIETIZ, H T A A R&AE L TEE L TWDH 728, Chandra f 2 B4 O F-HTEH & 1M 23 R
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25, 2O, BBIREICE DY - TEOFRENNLE L 72 5, AT I, B GE R 2R T
EEERDTHENZRFHE IR N TEITT L7220, PSEFOY U7 U IRIgERELL L, 20V 7Y >
7 OB RN @O I R & fi U 7= AL ER AR RL B3] 2 L=, £ LT, TDHEIEE L UBHERE D v
FAT A OBREGERICARFELZBEA L, £ OREIICRE LT,

AR SLORERIIIRD LB THDH 2ETA A=V T aryRh)a—Ta X OMBlZFH L, 3 mTIXRL
EOTIEE T ORI OWTEE L T 5, T LT, 4 B TIINEMKRFE RLIEIZOW TR T 2,

% 5 FClX, Chandra 212 X 2@H 2B > AT JE A OBLMIEG AR~ F 5 F<0. mLm
[} 72 PSF OB N FIEIZOWTHEN T D, Aia LN CTREDI AL EER AR R LiEOELE 2 — N
doi:10.5281/zen0d0.8020557 TABI ST\ 5,

2.ARA—UT AR a—v g OS]

21. 7V &ix

T (TT7—, F) LiE BUIESRONTF R EICL > THEARAHRICAZ 284 THDH, 207
VG 2 BFRNCREIR T A BRI, RERRERFICED L D ITIRN > TEI &b &% L7 PSF 23ME
D, PSF & BUHIEG & ORERAZ 11277,

. ﬁm .

HPLER(RE) % (PSF) immﬁnuﬁ\ ?
.

(®) o)
‘ /an)AJf
3 S — BB
E Fazpel]

BRLE R

1.PSF LM OBIR, (a) @ sURZELN L7256 OFSR, (b) : BEIAZ B 2810 L 7=85A OBEER., (o) : Bl % B A0A
BT LA,

K 1Ll a8l L= ~7 Vg, 3726 PSF 237, X 1(b)IEBLE ORI 7o g 2 8L L /-850
BIFH7VEBEZRL TS, K 1b)DOTEBEOXE 7 BT, K 1(a)D A7 & [FERIZ PSF T S,
ZNORERVESTT VERE LTBRIENS, K1b)X, K 1(e)D L HIZERAAHE (Q) & HWwn

THRILTE D,

2.2. 7L OFAREH
LIBE, BRI RO 1 IRIETER D, 7 VIFEAALREEEZHWT
Hx) =W Q@ P)(x) = [ W(EP(x|&)dE = [ W(E)p(x — §)dE D
EERED, TIT, WEOIILOMRLREOBEBOEFRHDO Y 7 VEEZR L, H)ITBRIEGOxEH O
B BNVETH D, P(x|OiE. BEOWBWOEE R OMEA, BHIEEHOx%E B TN S oiRE£T,
PSF N —kkCTH D556, P(x|E)ITTERBEIEp (x) & EATHE S 72 Bp(x — §) TRET D2 LN TE 5.
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RND)IFHEEN G EE2 R L TEY | —BAZITBRIRF O A 72 2 A ANBMD Y |
H(x) = (W & P)(x) + N(x) (2)
L%,

23. A A=VTFarRY a—a VORE

A A=VTFarRY)a—vardid, JVORKRERD PSF R EEMEN L THEOE G EHE T D Fik
Thbd, ZZTIE 7T arRY a—a Oy F1E & BTE 2 V- FEOBEIZ W TR
25
2.3.1. HHAFIE

PSF EEANE 7213 R DY 41X, £ 4LE 4 Non-Blind deconvolution, Blind deconvolution & FEIZAL %,

21%, A BIAIZEIH], Non-Blind deconvolution, Blind deconvolution D#E&X Z/R L7z H D Th 5, il
BIFETIE, BINICEYRET VERE L, FERAALEE (Q*) ZMWTHOEBREHET 5, A
SCCHUY _EF % RL 51X, Non-Blind deconvolution (Z &5 5,

ﬁmﬂm ;ﬁmému ?Emé’né
HOEf HOEfE
/B*Nf / BHAH /ﬁﬂawf
BAE BRI E

BRI DPSF FADPSF

X2, f A= T 2RI a—a O, (a): B OS], (b): Non-blind deconvolution D#Ex[X]. (c): Blind deconvolution
DO,

2.3.2. IR FE FIE

BFEEER LA A=V T ar R a—va U FELIASMIZESNTEY . XESIICE L H BN
TW5, ZRODOFEIL, 7 Vg & BEARBEBROST 2 KEICHEH L THEH 0 FE 2175 2 &N —i
BITHY ., FEHT— X OWESCHEERBROEEMEOTMAEH L W E WO BER S 5, R X REHIO%
B TR A 2B EOFIFNC LY | FEAREBROBISARECH Y | HEE S D B O
THRENH Y | 2O DT E OBEHEOFMITEH L WIEERZ,

3. Richardson-Lucy deconvolution DA%

ZDOFETIL, RL IEOEHFEL L OB RIRETIEERNT D, 22 CTRATHIRETIER EIX
BT EDE T4 EONMBEERF RLIELHMABEDLEDL Z L LARETH 5.,
&Lﬁm&&4foﬁﬁ®%%

FEOEEW % 3R 5 72 12i%, BUNEERH Ox TR Sz A <2 b3, BEOERW OESFEED D O
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THHERQUEIX)ERDDIVENH D, ZDQE|X)IE_A XDOEHZHWT,

W (E)P(x[§)

JW(@P(x|&)déE

LERTZENTE D, BISAR L WE AL OBRIT
{mm=fwwwwwa @
W) = [ H(x)Q(|x)dx

THZ bND, WERALOERITEBETIIANEZD, Ko THRT 5, RA)DQICRG) 2RATS

L.

QE¢lx) =

(3)

W (&P (x|é)
JW(@P(x|§)déE

=fme€§?9

dx

fﬂwm@uwx=fﬂ@)
dx
=fw&wmom

=W®fpmam

=W() (5)
&%, Ledio T, WEHIAHDEBAIIHY Lo,

3.2. XA XHEE L RL ¥EDOER

A ZHEEX, I OFERISA HEET 2 E0EBOEIE) AREL., Bl (EOE‘ & PSF O&
FRIAR) IR DFEHSA (SN EOER) 2, AOFBIZHESWTHET H5FIETHDH, RLIE
Tl 2OFRSMEZROFEFDME LTHEN L, EROKEICL Y EomBzHEST 5, 22T,
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A{ ZHEE L RLIEOBERICOWTREZ B> THIT 5,
B OBERIIAKE D 1G22 i Y 72 EBA R FRT AW, &2 A ZDOEBOXGITRAT D L Q1T
W, (§)P(x|$)
JW.(&)P(xI§)dE
LRI, X(6)2X@)DWEHAHLDRITRANT D & FERSMW, 4

Qr(lx) = (6)

Wyir (6) = f H(0Q, (E1x)dx

dx

) WP (IE)
= [ O W PG
P(xE)

= Wr(f)fH(x)fWr(f)P(xlf)dfdx 7

L%, RHOWPEEZr =0 LTHET D L.

H(x)
Wy1a (6) = Wo(©) f TW.©PGIDAE

7%, REIZRLIEOXTHY, BRIARFEEATQ% HWT,

P(x|&)dx r=0,1,2,- (8)

Wea@® =, ®P)© r=012-" ©

W, @ P
EETLEHLTED, 22T, PUIIPOIREITHILIZHDOICHN T D, P(x|E) =p(x — &) T2 2 RITH
B OBA . P*IX PSE OHLMIKkE U CHREETFRBE L7 b DISnd 5,

33.RLIEOME
Z ZTClE, RLIEOHEIZOWTKE B> THERT D,
3.3.1.RL Z£®E®ﬁ{§w)#ﬁ P
RL EORE®)H 5 BLEI{E & HOEEOYIENIEADEE, HE SN EOER L LT IEA LD
HWERH D,
3.3.2. RL EEOREE O RFFEE
RL &1L, B & BREGORESENRFET 2HE NS D, ZOFIZ OV TEN T %, (@)D
WERGT D &
[Whnorae= | (Wr(f) [ e d€P<x|f>dx> ¢
H(x)
J WP (x]§)d¢

([ w@reiods) ax

= fH(x)dx (10)

L%, LIeDo T, #EE SN D EDEBRW, 1 & BUIERH ORI EITE L, F(10) W, OFE5EI K
L2aWe® . BAEFHRIZR W TEOBHE O 2 BLINEG O EICE DT D BEN RN L 2R L
T2,
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3.3.3. RL {:® PSF D3R L
RL JEIZIZ. PSF DN+ THHBIH LA 972D, PSEF OFESEN B I N2MERNH D, 20

B> TR E AW THERR T 5, A(> 05 L= PSF 2P, = AP & L, K@WIIUA L TE ORI %E KD
%k

[wrn©as = | <W(€) | i @é() 5 dfPA(xmdx)df
H(x)

TW, @R, (xI6)dE
H(x)

TW @2 (IE)dE

(| w@rxiog) ax

(| w@apeioas) ax

= jH(x)dx (11)

L h, FEEE PSFIZAFEOFERICKH LTy I a2l —ar &b b X, BEBICIZFORBMMEIZ 1 UL T &
R HEANE WD, RLIETIZ PSF ORESEDS 1 IZHB LS 5,

3.3.4. RL EOEDOHE B DI R EH:
RL {EDIRGEMIZHOWTHAT 5, NE)OGFEHIBRHOFREZEWT 5720, KERBrDEO MG

D HAG DB 2 B H, (x) == [ Wo.(E)P(x|O)dEEHEANT D, H/H, ~1%R@ITIWAT D &

Wris© = O [ 72

~ W, (©) f P(x]€)dx

~ W () (12)
b, LIEBo>T, H/IH ~1DE & Wepy ~W,o & 720 | RLIEIFNORT 5,
3.3.5. PSF B RIRDHE DEDER DI
PSF RN ETOHFTTHRIE, DF D 7 L OEL W OYE OEDOEBROIHMEIC SOV THRIT 5, =
DELE, PSFIET 47 v 7 DT NVEEESEHNTRITE, XEQ®)Dr =012 AT D &
H(x)
(&P (x|§)d¢
H(x)
=W | Frmse—pa

Wy (6) = Wy (&) f 7 P(x|€)dx

6(x — &dx

H
= W©) [ e 80— )

H()
W ($)

=H($) (13)
b, LEN-T, | ECTEOBGIIBENEZ LR 0L Esb, 20X HIZ, RLIETIXPSE N
EIROBAELELSEETE S,

=Wo(&) —F
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3&&RLE®%&%&E%@E&%4%—V

RLEIZHB T D KERIIC L 2 HHOA A — V&G T 5, X(12)TEA LZW, 645 5L S HEI 72
ﬁw@@m%mwékRLﬁwﬁw

H(x)
H,(x)
k&éo__T'UMKﬁ: Wi 2 HEE T DB, H/H,OIRIZ X 0 BUAEH{E[E 12 ik U, H.23HIZ
T3 & &, HEESNIZWBAKMY BR0EOEBISES 2 NI G, 72720, BlllE&RE
T DO HELIZIL PSF ORNEMEN G EN D720, PSF OELEZHTTZHLORW, . & LTEHFSIND, X 31X
ZOEHOMSHEZRL TR, KEZHEROTICKREEZHIZT D7D, H/H, TiI7<H—-H.ZHW»
%o

W41 () = W,.(§)

r=0,1,2,- (14)

a b
@ PSF (b PSF
i VAN i i
. +: ERORME R H I .
o LML RAES H, = W.QP £
I L RREE E L RN AR EERE f
- . BoHICICHALS :
cept e 12 Wy, DEEAE CEHTEHEHOER :
Vi Weyy DEENE S EHTHBHOER
. | HEHOUHESS + . HEHOLEDD
+ HEBEOC IR + + .+ HEBEOEIELEE
W,y CEFT 5 HE . W, CEFH T 558
7 e NVER E 7 ILER
l PSF ’ PSF
0 * o
oll ‘ || Itt[l PR
BONAEAEZECI L § EPLL LAPSFOEAEEI B BLLEUB EEETEAED BNLEAEIECT LA { EPLE LEPSFORBERT S ELLEF3 EHET LMD
W, TOBHES W,,, COEHES

3.RLIEOEOEEOEHOA A—TR, (a) : KEH, (b) : KEIEALTZE,

M 3@IEKEPHIORIEZ R L TRV, H—H.DNIEFITREL 2D, LEB> TRE LW 8K &
<£@é EEBWT D, W DERT, TOMIZK L PSE DELANEDS>TikED, LT, /K&

e X 3b)DIRREIZZR Y . A RENRERAICTEONABIE LA I TZOH — H AT BErizii 5%, #&
ﬁﬁi“h,ﬂfﬁﬁéhéo;®i9’\RL&iﬁ@% U CHELEG & B OGO 21T,
BAICEOBEBIZIRT 57 et A L LTHTE S,
3&1RL&®E@E@@@EE&@E
mﬂ£i%FiU%ﬁﬁ&ﬁ%ﬁ%%ﬁTé:kﬁ\E%@ﬁﬂﬁiﬁ%%Bﬂﬁwkbﬁ%T&éo
Z D72, —RANTITE OB O YIHIEW, (I ZBLRI R 2 T O IR UfEE2 A z@migz Hng 2
ENZN,
EEICEOBEGOMIIEICKIT2E N EZ S I 2L —2a VXV HBLEHEENK 4 THhD, X 4()
I, HFEAEOEBE LTHEM L, PSF OBAZIARZ LICX Y BRIESBES I 2—L—2ar LEBDT
b5, M 4b)E, €D PSF Z HWTEOEGOFR 5 HIHIEW Ik LT RLIETHE LIZHERTH D,
X 4 EBeo @R OYIHME CIIEMEIC ) < EEEZ =, MR EHELNE LI THRNI L3b)s
Do ZORERMNG, BEOEBOFYIEIZEEICRSLEN DV | EEEOFIIEIL RL EOIUHR I 2
BHZDAREENRS D ENHERTE D,
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@ ®)

Wy wEE
—_—
RL%E

‘éa:ﬂiﬂﬁt;
R
/EJML\%«
B EGRH

W, b2, PSFE Y

ﬁl
=H |@pomasanse
— -
Wr,%l’ﬂl,{ﬁ

n

lﬂ4ﬁ®@@®@%hhié%ﬁ@@mgmﬂ@:Emﬁ%ﬁ@@%%F?Eﬁﬂ#W&bt@ﬂ@@ (b) : (@) DHELH
Hife L PSF % T, ﬁg)u{gg)%ﬂﬁ;}ﬂﬁ‘wo BIEZ IO RLUIEOFER A~ b, B BNEIC&E R mE, Bmig & 4
<R UHiHg, 4TRH UME AN 2B,

34. AL RLIEDORRZ
RLIEIIART VU554 LEREE LizHLENLRO LD, ZOBRICOW TR A B> CiAdT 5,

3.4.1. LB
BLEEIT. T2 OB HRET IVOREICEASNT, T—F 2 Hb LT AT A—2 2 HET

5%%?%50RL%K%%T@\ﬁﬂ@@H%ﬁ%i<ﬁ%?éﬁ@@@W%*bé_k’ﬂf?é
HoOBEGW LEBHBESRHOSEEOEOY Y EVEEZNLEAW = (WQ),W(2),,W(n)),H =
(H(1),H(2),,H(n)) &£ &7 & LERIRLIT

Lwim = [ [peicom) (15)

LD, WAHEEWZRDD L,
W = arg szVixL (W|H)

n
=arg mw:;lxl_[P(H(x)lW)
x=1
n
= argmwi/n—lnl_[P(H(x)IW)
x=1
n
= argmwi/n — Z InP (H(x)|W)
x=1

= arg mwi/n — f InP (H(x)|W) dx (16)

b, 22T, R(16)DOFESFE T IX. PO Z @b S/ 5720V, RBIEIR. 2 ORLHE
EBWERD D Z LlTxtind 5,
3.4.2. REBEEBERT YV oo OBRE

HeAHRFHC BT D iR O R ERSIIAR T Y oAl %w\:®%é®i§%ﬁm

(W ® P)(x)H®) - WRP)(x)
H(x)!

LOWIH) = ]_[P<H(x)|W) - (7

x=1

LRI, XUNEX16)IZ ﬁﬂ#é&mi% BEWIiE.,
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W= argmwi/n—flnP(H(x)IW) dx

_ (W ® P)(x)H®)e-(WRP)x)
= argmmllnf —1In HGO! dx

= arg mMi/n f((W R P)(x)—H)In(W Q® P) (x) +InH (x)!) dx

= argmin f((W ® P)(x) — H(x) In(W ® P) (x)) dx (18)

LB, RTYUaoME LY, RAYDOnEOWBIEIIMEI R CTH DD T, AEMERITETD/RT
A =R BT RO NREeD L X s, BRE#EILTIED—D>THD EM 7 /L3 Y X A[16]EHW 5
& RLIEOFEHDNEHTE B[17],

3.5. RL IEDIRAEFIE
RLIEICIZE ESERIREFENRDH Y . & 2 TIHRENRFECOWTHENT 5,

3.5.1. LEREEN T 2454 D RL #
RL J&IT. BEBBICH 7 A5 2R LIS AIcbEfA c&E b, 22 TlE, AU R A4 XDEHEDRL

BLSUZ VTR B, 7 2%/ A RO o R S
T Tt (Hx) - (W ® P)(®)°
LOWIH) = QP(H(x)lW) - H = (— — ) (19)

LFREND, ZTIZT, cHINHTH D, K19)ERANITRAT D & LHEEEW 1T,

W= argmmi/n—JlnP (H(x)|W) dx

wm—W®mmfd
N 207 *

= arg mMi/nJ —Inexp (—(H(x) - P)(x))z) dx

=argmin | —In
w

= argmin f (Hx) — (W @ P)(x))” dx (20)

L%, RQONIWICEHL CHMIBSTH D, EM T AT U R AEHWD L, EH
Wyy1(k) = W, (k) + A((H — W, ® P) ® P*)(k) (21)
DENND, SCE[ISIIC LD &, NIKEOBRFP TRIZENZZ AL ST THES Z LN TE 5,

3.5.2. FiflgRNDEREHR
RLIEFFEHFEALDELZETETRO)DIT), KEOIIIMTEAZER T L2 bTES, fifET

® RLIE[6)IZ. TOFHDELELE LT
H
WT+1(€) :M/T(f)_l<1_(w ®P®P*) (6)) r=0! 1; 2:”' (22)

tEREINnNs, XQ2)iL. RL IEORED—>TH 2 EDOEBEOIEEMT X OFEMEDRGFIEZ DV TIIK
FET DN, MEBOEFOBELZEEICHETED EWOIFELRD D,
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3.53. EAHEZ AW RH,

RL VEIL /A Rt L CREIZIUR Lo VRS, BB OBERSCT Y VHEIRTY X /7 —F 77
7 ERBELRLTWVREND D, TORBEMZADTOOSEIERIREFEND D, I T,
Tikhonov-Miller, Total Variation, Bilateral Filter Z 1ERI[{t, & L CHW = FIEICOWTEHAT 5, 22T, A7
VA RD G L TOMBRER S A

JW) = f((W ® P)(x) — H(x) In(W ® P) (x)) dx (23)

EBWNWT, LBEOIEA LA AT 5,
3.5.3.1. Tikhonov-Miller DIEA{LF 1
SCHR[6] THEZR X AL7= Tikhonov-Miller D IEHI{E % FV /= RL 15O B HEE BEWry, (35X(23) % VT

Wyy = arg min (](W) + ATMJ- VW (x) |2dx) (24)

EERIN, InNEM L

RAG)
Weir© = 3222w @ (m ®P

b, TITANIT T T VT ANERB, Ayl TEANT A =X TH D, CER[6] Tl Ay ~10"4 23 f i
TWD, ZOFEF RT VA ZXOEFEIZ2HEE 2 0 2 DV ENHER STV A28, [RIRFICEB T O~
v U D E v ) RIENERE STV A (6],

3.5.3.2. Total Variation ®IERLFIE
SCHR[ 7] CHEZE X 4172 Total Variation O 1ERI{E % IV 7= RL ED g A HEE BEWypy 1%

Q@f”)(f) r=0,1, 2 (25)

Wy = arg min (](W) + Apy f VW (x)| dx) (26)

cERIN, TNz L

W,.(§) ( H
WA ) W, ® P

1= ATVdiV(IVWr(f)I
LD, ZIZT, WL(OERW.(EDARL, div()IZFEE T, CHR[7] TlEdpy~0.00203F i Tnb, =
DIFEIT, BT Vv ) A XOEF R 22 2208035 0 | Bl @ Tinkhonov-Miller O J5E & b~ Ej{4:
Oy UHREESND Z ERHER STV D[],

3.5.3.3. Bilateral Filter D TEHI{L.F1E
SCHR[8] THE S S A7z Bilateral Filter D IERIME~ » 7 & Fgpy, & LT

Form, _ﬂ exp ( |x —s‘Iz)( exp(—lWr(x)z_amwlz»dfdx (28)

B, 22T, RQ@)DEMDOIEHBEBOEIIIGIIB T 2HAEZRK L, 2 OHEWOEICK 5EA %
FLTWD, LRSI LD &, o X425 PSF O¥FEERE LIZHBE. o, = (R/3)2E L. o l3WDH
KfE (max) &#&Hx/ME (min) ZHW T, 0, = 0.01(max(W,) — min(W,))2 & LT3, ZOEANLEZ HW
Tt B E B Wyp 1T,

Wyir (8) = ®P)E r=012- @7)

Wgp = arg mmi/n(](W) + ABFFBFWT) (29)
LRI, INEELS L
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Wr+1(€) =

W.(§) ( H
1+ AgpVFgpw, () \W; Q P

LD, R8I TIE. Agp~0.053FDLIN TS, ZOFEICEIY, VX I T7—F 7727 oMo
BHRDIERE S LTV D8],

3.5.4. Blind RL ¥

RL {EIZEH BEM O PSF Z 7% 23, PSF % A %10 Blind deconvolution (Z i T 5, Z D FHIEIE,
SCHR[9] CHEZE S Blind RL VE L FEIEI D, T OFIEIL, BEOEB & PSF IXEEMIC AN X ATRETH 5
ZEEFAL, BEOEB S PSF AR AICKEMICHET 5, #TiE

®Wﬁ8 r=0,1, 2 (30)

H
P ® = PO (g ® W) @
Wras® = WO (g g ® P ) © T=0,12- (31)

LERIND, BEFEIZBWTXG)OPIE, BHEMIZE Z 5115 PSF DR 7y — /Ll E& bR =iy /5t R
HPHAIRET D Z &0, PSF DIIROHIREZ 52 5 Z & THERE O En#ifGFTE 5,

4. BEFE

ZZTlE, 5 ETHWD PSF ONLEKFMELZZE L7c RLIEICHOWTHT 5, RL KX, B
BIZxt LE—® PSF # HWCEHE SND Z E0n3%V, LovL, %1 C PSF B2 258 bR T
%o EEE, KE®)TIE, PIOICBWTIHATEZ LICR D PSF 29 Z L RABEINTEY, Zha PR
WNZRT T2 OITPe () ZHAT 5, 22T, Pe()iE, HATE TR OGS PSFICESW TP ZFHT S
B ThHb, ZDL I L ThEKRFR RL IE[3]I1E.
H(x)
§Pe(x)d¢
txRIND, ZOXBHIZEY, FEFTTHI A O PSF TitE N5, 7272 L, HEFEICKE N T, §HHE =2
A MO, PSF # 7 B VBN THET D Z LN LWGEA L H D720, AFETIE—EXMEIC
PSF 47V > 7 L, ZOXEEIZ PSF 290 B2 THEMAT 5, 72k, GB2)IE, MEIN T TIET
I LIEE OB ERRBSC FANE FEE AR DEDL Z L L AHETH D, FEBEICCHR[3]TIE Chandra O
BT — 2T 282, R7T Vv ) A XD 72 BE0E 4 85 < 7212, Total Variation 1E Rl % fl A A
AEFEDRESIN TN D,

Wrss® = W [ Ty Pe(x)dx =012 (32)

5. Chandra FrE CEBHI L =B ERBI VAT E A ~DHEHA

S1LERLET—%

AHFZETIL, Chandra HEOBH T —F ZEH LT, TNoDT—F %K 1 [T, 7 —FEITICIE,
Chandra fff 2 OFEHET — X WLER X /7 — T % Chandra Interactive Analysis of Observations (CIAO[13])
EEMA L, &1 OBIT —ZIZ% L, levell DA X2 K77 A L5 5 CIAO D chandra_repro” % H\\ T
ATALBR 24T - 72, ABHANE, Sl & v — A>T\ A 72D, CIAO O’merge obs”iZ &LV 1 DD
BICHES LT, AT LT,
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# 1. AWF5E T U7z Chandra iR OB RIREE N A7 A OBLT — 2

Obs. ID Obs. Start Exp. Time Detector R.A. Decl. Roll
yyyy mmm dd (ks) (deg) (deg) (deg)
4636 2004 Apr 20 143.48 ACIS-S 350.9129 58.8412 49.7698
4637 2004 Apr 22 163.50 ACIS-S 350.9131 58.8414 49.7665
4639 2004 Apr 25 79.05 ACIS-S 350.9132 58.8415 49.7666
5319 2004 Apr 18 42.25 ACIS-S 350.9127 58.8411 49.7698
5.2. PSF DRI

PSF % Model of AXAF Response to X-rays (MARX[14)Z W TCET VUV 7 L7z, ZDOF, CIAO
?”simulate_psf’ & L7z, AHFIETIE 0.5-7.0 keV O T R )L —HHR OB T — & 2 W23, BH—0
TR NLF—23keV TPSF #1Ek L7z, & 1RSI 4 SOBMT — 2 1%, HHEOMER—H L TND
728, PSFIZZDfFK E LT Obs. ID=4636 CalA SN2 bDEMEH Lz, X 5I1TH T F T JE A OBLH
EifR AL LT, 35X35 v /L BREIC/ER L7z PSF ZEATHERLIEZHLOTH D, K 5 b,
Chandra f#5 @ PSF (30N GREN 212 EIR Y | B ORI T 5 2 & 230025, £72. PSFD
FERDSSelE © DAL > THELT 5 2 L BHEGERTE 5, AMNTIER L TKIR L7z 2 f@FT D PSF
DD, AESRENMITEILT 22 bbnd,

35 pixel

AE SRR ~0.5"

AE SRR ~2.5"

0.00086 0.0036 0.012 0.04 0.13

5. 5 FDH AT HEA (Obs. ID=4636) OEMEIE & 2 OHFTICxti L7z PSF, 57 —/3—[X PSF O, 7 1 XX
St#h, PSF O > 7Y 7 RikRIL 35X35 B B,

5.3. fL KR RL IEOFER

B 6(a)iZF | OBHEBE TH Y | K 6(b)INMEMKAFR RLIEDRKEF R % 200 BT > TH LN IZFERT
&5, 5.2 HITHH L7z 35X35 7 /LM CIER L7 PSF iV, fHIkEIZ PSF 2810 B2 23 b F
B, ZOFEZERTIRIMEOMEZLET 572012, X6 DA TR LZHEROIEKX %X 6
(a-1, -2, -3)FB L WN(b-1, -2, TR Lz, BB HT > TREFIZ 2 > TV D Z & BNEMERICHER T
x5,
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52:00.0
52:00.0

49:000 58:50:000 51:000
49:000 58:50:000 51:000

48:000
48:000

47:000
47:000

46:000
46:00.0

50.0 400 23:23:30.0 20.0 100 50.0 400 23:23:30.0 20.0 10.0

2.15%107 9.00 X 107 3.07 %10 9.90 X 10 3.16 X107

X 6. B G &AL BRI RL ¥ TS B2 BHE O LR, (a) : Chandra fTREIC K D0 AT HEA D 0.5-7.0 keV D X ##
i, (a-1,-2,-3): (QDOMUMAHTHRLIZEROIEKX, (b) : MLEWKTFE RL IETHOZEE, (b-1, -2, -3) : (b)D I A
TR LIZfEIROIERK, FHOHI 77— —XEEH O & Flux (photons cm™2 s YO xtISBfR & R T,

5.4. i BRI RL $:0 PSF OF > 7 ) v 7 HRIC & &V

6 TIZPSF O 7V v V% 35X35 7 kv b LIz, 22 TIRBRARL Y 7Y o V&2
A DM EHKAFR RL VEOR R4 kT 5,

703, BLREHE A U TR AR RL iR 2 L TR DIl 6 4 D OB E LR ER
LebDThH D, EDIRICAEHEEE (on-axis) . FE HAEE Ctlih» & O REEE - 49 150 B0 #) | mvusEE Of
#l7s © OFRRE - 59250 F048) . ALPEEERL Ol S OFEHE - 59 150 B4) Tk D, F7-/25 BIIEIC PSF O
F o7 TR %A n=5,15,25,35,45,55 7B L LA AT, T 2 C PSF 3 ) 0 B 2 55 A
BEBOBEY TRLT, 7 oA £ O R ORI L 7Y L A EAEOAIEE A
ERBINIRNA, BRI D n=45 &7 VLR OFE R Cld, PSF OB CHEiRORUT I N TH 72 (7
—F 777 8 BDEFICAONS, FEEC, JEEEEKO n=45 ©°27 B LLIE TS, B CRfG OfiE 7 )
WZT7—=F 777 PR TE D,

SNBOPSE DEROT =F 777 FORKEE LT, YT ) T RBOMMC AR BEET 2 PSE 23
BER CRBMICZIET 5 2 LM %T 5%, Chandra 20 PSF 1, LR 5 OB Lot » OI507
D 2 DD/RT A—=ZIEAF L TIBIRDRE D, etihn & OB T TS PSF L fHE TONM 2 2L S
WM, HALAIEEIC PSF FILE CORROZEICT HF 5, O Offe5 FLIT LRI A~ R &
W . PSF OZE B C LIS OIE 7 B OB 550 PSF OBERCHY . T—F 7 7 7 Fiv%
AELRTNEEZHILD,
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X 7. PSF O > 7Y o ZRIEOEWIT L DALER AR RL EE R 200 [mOFE 5, B S IEIC 68 & kil & o FEEEo BY
R, dbH# (on-axis). PAB (off-axis 150 F044) . FAPE (off-axis 250 #048) . AtvE (off-axis 150 #44) FEIKT&H 5, n X PSF
OV TV U TRREO—LTHY . EiigEBRO BV 13 PSF U0 B2 #E £ T,

5.4.1. PSF OBEFREOT—F 7 7 7 b Ol

PSF OEREIZBIT AT —F 77 7 Nl T25EE LT, 7Y ZHBEEZ < LTERE
TOEEZEBEE L HENREZT ONDL0, —HF TR X NI+ 2, 70 o ZREA <
$2%& PSF OREIIME T T %, ZZTlE, PSF OFEREIZKIT 27 —F 777 homfiliiEE LT, &
FE D PSF % J& 0D PSF # FAWTHISET 2 FIEZIRET D, ZO7 7 —FIZ kv, PSF OZ{bDOZAM
IREERERICZI VT, PSF OBALDRERMNNC RV T —F 7 7 7 MRS T 5B/ 5,

X 8 1Z, PSF OHEREBICKIT DI SN D PSF OEAZ R LTS, AFFETIIMEIEE L
T, EERE T o F LMD 2 DO FEE AN D, FEHRIZ X 2M5E TIX, X 8 128 4172 PSF OEHAIC
#Eo T, HED PSF AL CTHERAT 5, —FH. 7 2MEIC X D458 T, PSF OFER CT—EAICY)
DWREZ DT, BRMIIL OFXERTT v 4 MIGBRE 2 150 PSF 2T 5,

X 9 1%, FEEMEIKIC IV T Z OMisE T EZ R LA EERFE RL IkOFEREZR LTS, X 9a)iE,
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WsEZ2ATH TN n=5 OV 7V 7T 200 AOREEITHTZFERT, 7—F 777 bNFEALER
BN Z EnD, ZOMEE) 77 LU AREBRE LCGHET 5, —OICIE =1 2Y 77 LR LT
HONEBEEN, HEa X FO#HIKND n=5 ZH 2, K 9(b,c, d)iE. TNENMTEITORWVWES, F
Biesize, 7 v X AMEMiEE A U T ERASR RLIEZEIT LR AT LT D, Kok, Zh
LOFERE Y 77 LU R (K 9() & OHKHEDZSER TH D, MxaiTolhma. BT
I =5 DFERITESNTEY, 7T—F 777 MPRBEFE SN TND Z EDRHERTE 5, 9(-2)Tl&, #=
g (K9(-1) 2V 77 Lo AEig (K9() THSEEFEEZRL TS, HLWEBICENT, #f
SEERATo T E . B COZEERIL 1%RE L 20 | T2 LOBAICHAATHEINTWD, BEEE
D2 WEEIR CIEH R DS 3%FEE Td 5720, fliTElC & o THEFRZEOHFPAN T n=5 LITWFERR

BONED ERDIND,

Al Al A:273, B:13| A:1/3, B:23 B:1 B:1
Al Al A:2/3, B3| At1/3, B:2/3 B:1 B:1
A:2/3, A:23, A:4/0,B:2/9, | A:2/9,B:4/9, B:23, B:23,
c:12 c:12 C:28.D:1/9 | C:19,D:2/9 D:13 D:13
AL, A3, A2/9B:1/9, | A:1/9,B:2/9, B:13, B:13,
c:23 c:23 C:48.D:2/9 | C:28,D:4/9 D:2/3 D:2/3
C:1 C:1 C:2/3, D:1/3 | C:1/3, D:213 D:1 D:1
C:1 C:1 C:2/3, D:1/3 | C:1/3, D:213 D:1 D:1

X 8. BESIELEEHZIIT D PSF OV & T v X AMEDEH, BARKRIE PSF OY) 0 3R 2 g8k, #HRITE 7 BLEaERT, A,

B,C,D IZZTNZENDEATIZEIT 2D PSF 2Rk L, R TIL 1/3,23 DEZRN, 4 DO a—F—0ERTIX1/9,2/9,4/9 DE

KB EMHEND,
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(a) L DESH

(a) &£ DEALE

4 9. FEHAEIC 51T DR D PSF OMSED A I L D ik, PSF OH 7Y v 7 ¥ 7 /L% n C/Rd, PSF O
ZHEEBKOBEY T/RT, (a) 1 n=5 DA, BERO PSF OMise 2 ThPIC BEMRFR RLEZEMA L, V77 Lo A
BE LT, (b): n=35 DA, 5RO PSF OMEEITHOTITAERFR RL L% M. (c, d) : (b)&F L PSF [HE T,
BESRD PSF %X 8 BN - TENEN S, T o7 MM U@ KA RL k& H,  (b-1,c-1,d-1) : (b, c,d) &
(Q)DFESy DHEFHE, (b-2, ¢-2,d-2) : (b-1, c-1, d-1)% (a) THI - 7= 75y DZEALER,

542 MBI L BT —F 7 7 7 S OWHZROE R
X 9 DR % ERANCFHET 5 72010, THIMSIRGE, T T RGE . THEER ORI 2 614
%, ZIHOFMBIEORREELE 2 IR, 200D 0D LI, WTHOIIHEEICIS N TS, M5
AT 1254 CEBLRER L OV v & MUMSE) DHEEIThRVES (e L) Ich_TkESh
TW5, ZOfEEND, PSF ODEREOT —F7 7 7 L 28+ % 72012, MiHAMEIENDEN TH
52 LTSRS,
#2. M9 ORRFICHT 5 PSF ORI 9@E Y 7 7 L AR E L, B 9(b, ¢, DA BRI TORR,

e/ L S LA R AN
SESJHerRRZE (107 flux) 1.42 1.16 1.18
SR TIRERAZE (107 flux?) 6.33 3.70 3.95
AL (%) 3.80 3.22 3.27
6. F¢

AWML, BT a R 2— g VEO—DTHD RL A, X #Rf#E A Chandra OB 2K TD
WA= 9IZ, PSF O EKGEZEUNCEE L TEE Lz, 2O FyE% Chandra T2 O R >
FRTEE A AL, BHE G SR TR TESL Z L EER L, &5IC, MEMKAFR RL HEITHEAE
IR NPRHEE 2D, PSF OV 7 TR EFEE L, SR AU HTET D R RE L, Z
DHFECX Y, FEEEZM EIEo0b, HEREZROZI LN TEDL I LR LI, ZOWFFEE
IZ. Chandra 2L OMMDO N THEEZIZBWTHISHAIEETH Y . XFERICAE LY THiIEHIEZ K3
52T, HENRHEa R N TOERAMEABIE SIS, FHERB X OFHEBNICHED S A TRL LI
Bl Z > ADO—B L ==V Th 5,
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AWFFEIL, BAERELS: (JSPS) BHEAFFEE HREkiOiF7E(BH#H)IP20K20527 THEES X raoy el e @i
AT 7oA = 7 o A T OB (WFSeREE - ILEEA) |, FEPFIE(B)IP22H01272 X fEl 2
SS433 V= v MK HEIIRE W50 DIERL L I 2~ SRR AR B O gl (BF2e % - ILmEE) | &
HERIFFE(B)IP20HO1941 TS AR EHELIZ F D IR BIERIT OB IRIEE R R O] (FF 803« (L
HEA) | 1K DBRE 2T Tz,

BE R
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