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Detections Per Year

15 Sep 2017

o exoplanetarchive.ipac.caltech.edu
3 F Radial Velocity ol
20 j
- Microlensing .

- Imaging .
ot ‘ _
S |- Orbital Brightness -
— | Modulation .
ot _
O — —
o e mecncE il E N EEE
R0 a000035888832 82220
DO O0OO0O0O0O0000O00000000O0O0

T rm e rr s N ANNNANNNNNNNNNNNNNAN

Discovery Year

13

2000 EMN DA EH T EZE
A ZEd>TE=-DOM?

- BA-IROEmHDL

-REXLIFS

- FEEELITS

- ShEE LTS

— ZYFEFET

- KEB-RiEEEH TS
S>1—H—FEOT>HENET
MEEKETNLUNDZFEFIENT
BEOHIEADEY L HEEZET

14

2000 MDA EH T EE)
(BRI HER—X)

2000.01 HIDES open-use began
2000.07 Large Project program began (first case: Pl: Y. Takeda, Inst.: HIDES)

2001.06 Dr. M. Yoshida took over the Director of OAO
2002. ---

2003.11 Discovery of HD104985b announced

2004.04 HIDES new CCD cryostat production initiated

2005.04 HIDES completion project initiated (mosaic CCD & fiber feeding)
2006.04 Dr. E. Kambe joined OAO, fiber feeding project accelerated
2007.05 Discovery of epsilon Tau b announced

2007.12 new CCD camera with 3 chips in a new cryostat installed
2008.01 Open-use of the 3-CCD camera began

20009. ---

15

2000 MDA RHEEE
(BA BN HEA—R)
2010.10 Dr. H. Izumiura took over the Director of OAO

2011.01 Open-use with shared-risk cond. of high eff. fiber feeding began
2011.04 KAKENHI Kiban (A) “Automation of extra-solar planet searches” started

2013.03 188 cm telescope and its dome refurbishment completed
2014.11 development of automatic observing system began

2015.12 tests of queue observing system began

2015.12 NameExoWorlds results announced

2016.01 Open-use with shared-risk cond. of high res. fiber feeding began
2016.04 KAKENHI Kiban (A) “Robotic Spectroscopy Telescope” started
2017.08 tests of automatic observing system began

2017.12 End of open-use at OAO

2018.03 Okayama Astrophysical Observatory will be terminated

2018.04 Okayama Satellite Office will open

2018.04 Dedicated uses of the 188-cm telescope equipped with an automatic
observing functionality will begin

16




Detections Per Year
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Number of exoplanets and brown dwarfs detected using the
188cm telescope is currently 41 (as of 2017 December)
T e ?xi;:i) rf:f&) ﬁfgi:% o B s )(dex) " pE e :ﬁgic(:m Li188cm
HD 2952 b KO Il 25 12 1.6 12 312 0.13 0 0AOQ, 2013 tEéJ&ﬁEtHIDESG);:E[EJ
T N I I T R T FIARLUICEES
SRR | G g e [ Ak ] e Sooimme | NEBLTEZISHK
75Cetb G3 25 105 3 21 692 | 012 0 0AO, 2012 Hahi- % ﬂ%g . *E,
B e [ e e BEEDHA 20145
5515 0 50 50 o 089 FEE%EAIZ301E L=,
HD 81688 b 0 III-1 2. 3 2 08 184 0 -0.3 0AO, 2008 — B s
nnnl:wssb 29‘:1'5\’ zl ;3 1; cmi, 158 | 0085 0.15A A0, B0AO, 2012 0 ﬁ"éé:'i(‘;ﬁ
HD104985b | G9Ill 23 1 83 095 198 0.09 -035 0AQ, 2003 -;—O ;&EEEE{$24\
TR EEEE R BEEEEEX K6,
HD120084b | G7ll 24 o1 45 43 2082 | 066 009 0AO,2013 ,‘gﬁ-l-:.;o’@af)éo %o)fﬁ
/ T T T T I W R B BEBRHIFESIZ6D
Kk CrBb KoV 15 5 16 26 1251 0.09 0.1 0AQ, 2012, confirmation =
202 BZTW5
io1osash S S °
v Ophc = = = 27 6.1 3186 017 o 0AO, 2012
HD167042b | K1V 15 45 16 13 416 | 01 0 0AO, 2008 x@ﬂi%ﬁl]iih
D b 02 AO, Xinglong, 2009
. T N I T N W e T T YOBERESHILE
Comparison of the Planetary systems T T S I T O T LB TALI B,
18Del b Golll 23 85 103 26 993 0.08 005 ‘0AD, 2008
HD 210702 b K1 v 1.7 5.1 1.9 12 355 0.17 0.01 0AQ, 2012, confirmation 20
14And b Kom 22 n 48 083 186 0 024 ‘0AO, 2008




A PAIR OF GIANT PLANETS AROUND THE EVOLVED
INTERMEDIATE-MASS STAR HD 47366: MULTIPLE CIRCULAR
ORBITS OR A MUTUALLY RETROGRADE CONFIGURATION
Sato, B. et al. 2016.03, ApJ, 819

T T T E T T
—~ = - 2 o
1o b HD 47366 E z 100 E P=3633d :r,__sz.:gm s
- ” 50 :—
T E E 5 :_
E o 3 2 E l#‘
2 Q. b0
% o E misint = 1.75 M,
S -» B ] E -
k] 2 100k IHD 47366 b | a= lzul A
Bt e
o, E =i =
- T RMS = 14.7 m s~ s 1ODTE Posad £ =300me
a5 + ; t + : o 50 F 'y e =0278 3
E o —--a‘»———'---—-&h e i M- £ | 1 1
o —sof R . E ?‘!W‘S AN v
& 4000 000 8000 7000 2 e R
O o 2
JD (—2450000) K/ 50 i mzslr‘\( =186 My
HD 47366 - 1.853 Al
4 Upper: Radial velocities of HD 47366 obtained with = —100 L 5 L 3 1.
S (red), HIDES-F (blue), CES-O (brown), CES-N (ma- —05 0 0.5
"nml) HRS (cyan), and T green). The error bar for each * %
point includes the extra n noise. The double Keplerian Phase
model for the radial velocities is shown by the solid line. Bottom:
Residuals to the Keplerian fit. FI1¢. 5.— Phased radial velocities and the Keplerian models for

the inner (upper panel; signal of the outer planet is removed) and
the outer (bottom panel; signal of the inner planet is removed)
planet. The error bar for each point includes the extra Gaussian
noise. The symbols are the same as those in figure 4.

A PAIR OF GIANT PLANETS AROUND THE EVOLVED
INTERMEDIATE-MASS STAR HD 47366: MULTIPLE CIRCULAR
ORBITS OR A MUTUALLY RETROGRADE CONFIGURATION
Sato, B. et al. 2016.03, ApJ, 819

ABLE 5
T ORBITAL PARAMETERS FOR HD 47366

T
0.8 [-(a)prograde 0.8 [ (b)retrograde —
06 06 Period P (days)
I'(\ semiamplitude Ky (ms—1)
o L
0‘4 04 ron w (deg)
2450000)
02 02 Minimum mass ma sini (M)
Semimajor axi
0 0 Semimajor axis ratio ay /a.
17 18 19 2 17 18 19 2 P
a, (AU) a. (AU) 0 (fixed)
181754
[ e a—— 0 (fixed)
4 =2, 0 2 4 158138
logyg D/(deglyr)

Fic. 9. Mean motion diffusion [ (stability index) of the
HD47366 system. The best-fit orbital parameters are used as
the munl parameters for the orbital integrations except for semi-
major axis and eccentricity of planet ¢, whose best-fitted values
are marked by red crosses with their 1o errors. The absolute
mass 0( planets used in the simulations are my = 1.75 M; and
m, = 1.86 M; (i, = i. = 90°). The dashed lines ahm\ the orbit-
crossing boundary where the apocenter distance of planet b is equal
to the pericenter distance of planet c. (a) prograde coplanar con-
figuration. (b) retrograde coplanar configuration.

Number of data of AAT Ng
RMS (ms~1) 4.7
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T I d & . t t Remote observmg environment
€IESCOPE, dome & Instruments based on KVM-over-IP (K. Yanagisawa et al.)
* Telescope
— Remote observing environment, provided for open-use from 2016A ( EiEXXERVYRT—4H )
— Automatic observing environment, near the first release
* Dome
— Major maintenance work Okayama Astrophysical
* Instruments Observatory -
— HIDES (high dispersion echelle spectrograph with 12 cell and fiber-link) E :m
* The fiber-link’s high resolution mode with R=100,000 has been open as a PI-type instrument A
since 2016A. ﬁ E
* Astro comb has been installed to the Coude room of the 188 cm telescope. KVM-over-IP E . ', :
— KOOLS (optical imager and low resolution spectrograph) DKX3-808
* Fiber bundle integral field spectroscopy unit has been accessible as a PI-type open-use E
instrument since 20158B.
— ISLE (near infrared imager and low resolution spectrograph) \_ \_ Y,

* stable

— MUuSCAT (a multicolor simultaneous camera for studying atmospheres of transiting
exoplanets)

* Accessible as a PI-type open-use instrument since 2016B.

23

Provided for the open-use since 2016A.

4 EMNRXEZE., ABC, IR, BA(IPMU) . KX, I K, 2016AT300H R RY.
S EF AR HERID 27% [TEL, FOREZHFITTE,
24




Remote observing environment
based on KVM-over-IP (cont.)

o ALK LLERRIFR O 3R R

« BIE. ZEICERELEER
UES

© Cl&, aIREImK CERAIFT
MALELELZELTWS, A
BELImRIF2E,

178 74/_,"7 5 ' 4 /i

WIFNOYE—MERTD, AORE LRI RERCEE - F5 H ANES 25
n. AHROBENERTES,

Dome maintenance (E. Kambe & H. Tsutsui)

replacement of repair and caulking of outer panels

worn-out slit guide rail

four-yearly
slit wire rope
replacement

26

188cmEB IR D EAIEE

HIDES: A[fRAE DO NHEE (BRRES)
— HIDES—FiberLink (£l 8% 1K)
+ High Efficiency R~50,000, $1E#HFyTLAL
+ High Resolution R~120,000. S fRBEESIEMB LY TLARIL
+ KOOLS: A[fRAIRE D HEE (EHE) (FANSIBE)
— KOOLS—IFU (BEF& X 1K)
- 3. 8mEEEBITERMNRICH2ERTERAANSGTIZIVIAY
o ISLE:iAFRIMRIRIE S HEE (BEh o) (BRAIFMES)
- LJ H KN\ FTHRGFE (T 5 EIRATRE
- HRASELNILOESGEAHLES
- TPOTHIETERN D AEELRBL TV IHE—DEE

+ MuUSCAT: 3\ FRIFHRGEE (RIE) e
- RABENSUOVMRAEREE HhtTLonhs
- g, v,z NURREERE HBS
TriSpec

HIDES-F

* Proceeding to a robotic RV explorer

* Advance the 188-cm telescope and the high
dispersion echelle spectrograph (HIDES) +
Fiber-Feeding system into a robotic RV
explorer.

* JSPS grant KIBAN(A) for the period of FY2016-
2020.

28




Overview of the automated observing system

Weather data

[Weather determination system |

\
Y

Obs. command

Dome, generator

telescope

Instruments

(Spearheaded (HIDES-F) Observers

by Dr . H.Maehara)

Status

Web based dashboards

Auto guider (+ acquisition)

v’ Observing status can be

checked via web browser.

Queue system

Queue command list

%8 00 w0 W 0 W 0
Time trom tast axp. (sec:

_Exposure Log

OAO-188cm Exposure Log

DATE-OBS: 20171010 ( 2017/10/08 2011/10/09 2017/10/10 201Z/10/11 2002/10/12)
Instrument: HIDES (Brcibiem ceport forns  Wsather reccet form)

Time-efficiency of observation

* Dead time between exposures: ~2min
— CCD readout time: ~50sec

* Comparable to the skilled observer

0.25 A
. B

02 J’ 20170713-26 ——
's 0.15
k3]
o
L 0.1}

0.05 J’

0 1. F]_LI'H =)
0 2 4 6 8 10

Interval time (min) 31

Instruments

e Astro comb

Placed on the frame of the Hilger-Watts
spectrograph in the Coude room of the 188cm
telescope

RERSRERRIZLELINDGX
X3LZEHDESOEREIENFEEL
TEAL. RXIGHADEEREITL.
AL KEEIREIZE DREE S
A—R LA TIXEIZETELUEELY
EORYOEEZFLICHALLSE
WSZEMBEHEH TS, ZDET
BEilX. 20135108 IZTERATO ER S
MBI o AF TSI A
REDZEICEO>TEKILESHh, EE
BT AR ERMARXaLZEE
LCRILERAIFTICESAD &S
otz CORNALITIKBGRET
ZLDWINER N A D4 5H380nm~
540nm%$1/3—L. HIDES-FD KK S5
5 THHR~50,000/=FFELEh
-RREE T AILTHDENSE
HHAH D, BILRAIEFERR27EED
EEDSI—TEADZITANE
BEED=, TR28EETAIZRX
JLARASH ., BETHELLED

TWa,
32
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ISLE (Near-infrared camera and
spectrograph)

2008/05/26 33

A—IN—TF—R(BEEEE)GI3470bD
K= REDEAH
8 LU R AP 3R BI R O O 4%50cm

20121116 WSy PiBEMOZRBTEENL, A—
IN—T—RACGBEEEE)GJ3470b
DS OEBRIT—45, T
B, it E 2 DBAZIERT,

—&LEDTOYk(F) [£188cmEE
REE+HISLETHLN A FIMED
F—4 . FTO32NTOyk(1E, &.
#) 1£50cm MITSUME SR8 TH
SRR DT —4,

2B AL IChH =Y EEDBRZEH
#90.6%BE<HE- TS, T, KR
IZRYBBEL<HEY ADMEMNEL->T
L\éo

FEDHDS

Fukui et al. 2013

2" 3 4 5" 6" kmrrkeTAEhOAK
B [6FRE) EEOBETHILEERE.

. . . . ﬁ%l«f‘:o
http://www.0ao.nao.ac.jp/public/research/gj3470b/ 34
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Demonstrating High-precision, Multiband Transit
Photometry with MuSCAT: A Case for HAT-P-14b,
Fukui et al. 2016, ApJ, 819,27

HAT-P-14D L EE RIS
FMGSCAT /g, "~ T FNusCAT /7, T

IMUSCAT/z, ']

T

ENRLHS

FEE x 108

B[ (hour) B8 (hour) B8 (hour)

MuSCATTERlEN F=rRy b A EA—HAT-P-14bD SOy R ERIER (ED Dg, 1, 2
INUR) , V=10D EEIZxL. 1585 1=10.05%D 5t B FEE A ZE R ST

MuSCAT (only recent results)

* Gaudi, et al. "A giant planet undergoing extreme-ultraviolet irradiation by
its hot massive-star host“, 2017.06, Nature, 546, 514-518,

* Narita, N., Hirano, T., Fukui, A., Hori, Y., Dai, F., Yu, L., Livingston, J., Ryu, T,,
Nowak, G. Kuzuhara, M., Sato, B., Takeda, Y., Albrecht, S., Kudo, T,
Kusakabe, N., Palle, E., Ribas, I., Tamura, M., Van Eylen, V., Winn, J. N. "The
K2-ESPRINT project. VI. K2-105 b, a hot Neptune around a metal-rich G-
dwarf", 2017.02, PASJ, 69, id.29(12pp.)

* Onitsuka, M., Fukui, A., Narita, N, Hirano, T., Kusakabe, N., Ryu, T., Tamura,
M., "Multi-color simultaneous photometry of the T-Tauri star with
planetary candidate, CVSO 30", 2017.02, PASJ, 69, L2(6pp.)

e Fukui, A., Livingston, J., Narita, N., Hirano, T. Onitsuka, M., Ryu, T.,
Kusakabe, N. "GROUND-BASED TRANSIT OBSERVATION OF THE
HABITABLE-ZONE SUPER-EARTH K2-3D", 2016.11, AJ, 152, 171(12pp).

36
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Timing the Shadow of a Potentially Habitable Extrasolar Planet

Paves the Way to Search for Alien Life

(Object:K2-3d, instrument: MuSCAT)

Time (hours)

e —————————————

GROUND-BASED TRANSIT OBSERVATION OF THE HABITABLE-ZONE

KOOLS-IFU

Low dispersion optical spectrograph with an integral field unit of a fiber bundle
Under upgrade for the 3.8m telescope

Cryostat modified/improved

Refrigerator maintenance made

CCD replaced: SITe 2k x4k -> Hamamatsu 2k x4k (better cosmetics)

Electronics replaced: Messia5+Mfront -> Messia6+Mfront2 (1/5 lower noise,
faster read-out)

Order sorting filter replaced (for red region) (x1.13 better transmission)
Dispersion elements replaced: Classical -> VPH (x2.5 better efficiency)

Works mainly done by K. Matsubayashi(KU->0AQ) supported by K. Ohta(KU) and
NAOJ(ATC, OAO, etc.)

Total throughput improved by a factor ~3(to be verified)
Read noise limit improved by a factor ~15(to be verified)

See details here
http://www.0ao.nao.ac.jp/stockroom/extra_content/um17/014_Ohta.pdf

SUPER-EARTH K2-3D, Fukui, A. et al. 2016.11, AJ, 152 37 38
NameExoWorlds NameExoWorlds
Naming contest for exoplanets led by IAU
- FT HEOI(EFE1260DEEFKD305DREND20REHREA,
18290
. s HRFOELDHIARIZED, BEOH W EHFITELNIZI5TDODREITKYEE,
Countries/region BILRAMERAF AR BERAZD0DPIEITUR—,
= - BHIN20RITHL. BEOBNIESSICHITEON 5T 1KY BRINRES N,
Valid votesv/ - RESNEEZHICHL HRDOTRTOANEERELLTERESFUN T DT,
573,242 epsilon Tau(E3LES TS OV E="Ain") - HHRH D HHEEFMZED RN RE
> Ain_/ Amateru (BfihFEHY KAEBIEE)
Voting behavior 14 Andromedae (7 FOAS E14E2):
iii,ﬂ\i > Veritas / Spes (Royal Astronomical Society of Canada, Thunder Bay Center, Canada)
Number of votes xi Aquilae (O LEEAAE):
per person > Liberty / Fortitude GEBIAZEZ4M Al Libertyer])
g voTiNG s IS HD 104985 (FYABEDIER): ERADRIIEE
$idee .' - Tonatiuh / Meztli (Sociedad Astronomica Urania, Mexico)
5 votes » . .
S ntn Top countries 18 Delphini (VAN EE18EE):
> Musica / Arion (BB BT HE S EFEREZE)
HD 81688 (HHEEMDIER):
39 > Intercrus / Arkas (RXEFEIEWLTRANES5T]) 40
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AKERNEREMBFroRN—2

Na meExoWorIds

epsilonErid

The nameable 20 ExoWorlds

LU TR DI+7= eps Tau, 14 And, ksi Agl, HD 104985, 18 Del, HD 81688M6 EZ KA RN K EF-H (1%
ETARNDIT5MNT=, 2015F 12 A15BICIRERZRREARIN - (NHKEE =21 —X THLHEIN ),

December 15, 2015
NHK News Watch 9

2015412/ 158 (K)
AKBRUNDIBECAENLREDOZFIRA

P%l AN SREDES
61 ABFRLUNABE(C

ERANFESHPLD

s

42

Results: future planning
“Requests from OAO users”

MEMRXE FEILRAEYIEERIFT 188cmEEiR

HEFIBOREKREIIMEEZHADIITIZEET
HEEE)

LR AMEBERF XRFHEAIL—Y— —F
2015412878

http://www.0a0.nao.ac.jp/oaoweb/wp-content/uploads/RequestOAO_151207.pdf

43

FeH: BMIURAEMEEBFFOELREED
HEFAZERHDICEH=DT

c RXOEI, BRFRO7FI T4, RVBEDLERF-TE- TS
HRBOEIZIZU =L R,
c TOMRBORIE,  EhOE
DTN F=UERHI,
. Qg;Jo)l_[liLUfW%iiﬁﬁ/ﬁ'lFﬁ?ﬁ\ RRFECTBVWTIT(ET1ERIE
- ARFAL—F—DERGLIFEMIRILT—RADEY
- A—HY—DHFITHALSIELTELRAREDE HDBEY
- TNONBAFTFEOERLATREEL, —BORLICHLEAN 1=
LEADERVFET  ALTEDINETOIXFESE NITH
&’)’C{E’Znﬁib‘f'bi?o REITHYMNESITEVELT=,
CORARTHRAAGRUATRTRTIVELET,
o REMNS, FFARRERNTITIEIIRYET,
c SERO-BOCXELIEREIALBELLELEY,

ERETI. FEHLIBRAE

44
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Further reading

« MILKRAYIBERIFT40B FE S
« MUK AEYIBERIFTSOR FE S

45
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Superflares on solar-type stars

Hiroyuki Maehara', Takuya Shibayama', Shota Notsu', Yuta Notsu', Takashi Nagao', Satoshi Kusaba', Satoshi Hond

Daisaku Nogami' & Kazunari Shibata'

Solar flares are caused by the sudden release of magnetic energy
stored near sunspots. They release 10*° to 10** ergs of energy on a
timescale of hours'. Similar flares have been observed on many
stars, with larger ‘superflares’ seen on a variety of stars*, some
of which are rapidly rotating®® and some of which are of ordinary
solar type*®. The small number of superflares observed on solar-
type stars has hitherto precluded a detailed study of them. Here we
report observations of 365 superflares, including some from slowly
rotating solar-type stars, from about 83,000 stars observed over
120 days. Quasi-periodic brightness modulations observed in the
solar-type stars suggest that they have much larger starspots than
does the Sun. The maximum energy of the flare is not correlated
with the stellar rotation period, but the data suggest that super-
flares occur more frequently on rapidly rotating stars. It has been
proposed that hot Jupiters may be important in the generation of
superflares on solar-type stars’, but none have been discovered
around the stars that we have studied, indicating that hot
Jupiters associated with superflares are rare.

RARZFERE (BEIA)

We searched for stellar flares on solar-type stars
sequence stars) using data collected by NASA’s Kepler*
the period from April 2009 to December 2009 (a brief s
flare search method is described in the legend of Fig. 1 ¢
is provided in Supplementary Information). We use
temperature (T.s) and the surface gravity (log(g)) ava
Kepler Input Catalog’ to select solar-type stars. The se
are as follows: 5,100 K = T, < 6,000 K,log(g) = 4.0. Th
of solar-type stars are 9,751 for quarter 0 of the Kepl
length of observation period is about 10 d), 75,728 for q
83,094 for quarter 2 (90 d) and 3,691 for quarter 3 (90

We found 365 superflares (flares with energy >1(
solar-type stars (light curves of each flare are s
Supplementary Fig. 8 and properties of each flare st:
Supplementary Table 1). The durations of the detec
are typically a few hours, and their amplitudes are ger
0.1-1% of the stellar luminosity. The bolometric lumir
bolometric energy ot cach ﬂ'\rc were estimated from th

all e L vro 2Ll cALO
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2 B — L O LY R O 2R3, 2 DORERZ[FRHTBLINIT 2 729
WoRIZ2EZ, ©—LOBEAZHET 2L 2> T D, B 1-2 THERBRTD 2 b AR

2. W2 [F AR DB

IR R A I O BIE O RN A X 2-1 (27, Zmsio#EMAE XEH Y 7 M VFS(VERA Field
System) Z FV\ T, JAEAFFEE S TSU 1ok L CEESHFAIE A E2 %5, VERA Tix, ZmHin
BREY 9% BE% & BRI S D D O RAMEF IR E L COKFEA =P —%2H-> T b, KFEA—F—L1X
KFIR A O LG JE BN FE DS W T IERE R R HIEI PR & 2 T 25 Th 5, WRIEEIL, KFEA—F—
5 O IEHER R MR(EMHZ) 25 % A ha— RE4ARET 5, TCG/T 1L, AZ/EL Bi#h% =515 ACU, FR
BiE) %2 =] 5 FRCU, % LT 2B &%= &5 2BCU ~FNENRM I v v 75552155, TSU XFEM
SRS ACUZOMIZH Y, 4 THTHEL < BRD KRG B2 %5259 5,
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TR Standard | 1M IRIG Code J ACU
Miaser SMHz v ock » Generator : Antenna
(AQ-330C5H) (AQ-330ADP) »| Control Unit
i IRIG-B* ]
TCG/T —— R0y 758 — FRCU
: Timecode |— (20ms,100ms) : Field Rotator
Generator /| [Tsy ,| Control Unit
Transmitter | 1sec | : Time
] 3¥thronous J2BCU
Time- : 2 Beam
Gads : — Control Unit
LAN
*IRIG-B:
ﬁ?ﬁ!’llr:l‘l:rﬁjafi Group H* NTP Server %E%—%f%% %U‘iﬁﬂ/%*ﬁ{%%
A LB B0 S b (RS-422)
Code BIX1#0E(21004¥L R LAN

THAT S 2EEd 581

2-1 WEZI RIS X (GRIL - SUER)

3. WENERLAEN
1) TSU O bbb 8

R 1 ) B I 2 A 3 2 S I LR A 00 D 1T R L TR Y (i 7 = — X A>T 5,
ACU, FRCU {22\ T, TIE5 LEHEIAREHIE L 27 AL IBETH 5720, Pl ATHRETH S,
2BCU & TCG/T IZoW\WTiE, ERFMEZIC LV EMR R TH D, L L, TSU IX VERA Ff D
EETHY ., THMEAFTET, BATHLABE LEGSIEMFIE L 2D, SRIOBEIX TSU
D PSS EZ N T 5 2 E BN OESOHMTH 5,
2) FREHI & BN EA By & LN

TSU O RLE IOV T, B EICHIEREE D D ACU LD BIMERRE X 2 28 0 - Qs e %
ZHBF LEEbOO, PRETH O GWVARONTRED Lz, £ 2T, REHIEE BB M Lo
7N THED TN B,
3) TSU OFFLINE [ 5A o) v 43 1F

A ISR EMIZF 4T 5 TSU OFFLINE FEHEA~OXR G LETH 5 B P ICEE R F AT I0E,
TSU & Jmid I FH AR 038 (E 03 2 . LESEOBRENAME (I U CRUINE L & 72 223, EORKILAH
Tho, TSU BIRICERT LA SE X biL, AWEIZL >T TSU #fEbRRVEkE+52 LT
B O JR R RE B (B & T D

4. BEFH

TSU fRZHEREIX. REMFIRMEIC Y 7 U =7 L LTHEAT L, E42MRRIT. Hl#=~ o REEH6E
LA T — 2 ZAZEHWRETH L, flilla~r NI fima~r FEAEFR=a~ 2 Frolisn s,
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Bl Z I XEREMEAE S O DRIVE ON/OFF [3455 2~ N, AZ/EL OfiEREITAEEHR=~ R& LT
L5, TNHITEEDOHXA I TRy JEFICRAMSEINERD D, HBHAT—H A1,
HERE L EAE TR EN D, EEREZ, BEIAEDOY Iy boA v ¥ —ay VEDRT—H A
HHTHD, FH7 vy 7EFICONTE TCGIT (b2 REFZIRZEAL, HLUVME SR L
LEICE SR L2 L TRMZENLZ R T 5, £o, WBICL > TEHE~OABEZELRNE S|
HWHY 7 N VFS Oa—H A v ¥ 7 = — A5 EH LIaWiEt e Lz,

LLEDFH IS EER LTz, SE# ORI %X 4-1 127577,

|}

ol

A

Standard
Hydrogen |5MHz | Clock 1PPS | Pulse Divider
Maser (AQ-330C5h) (PPS-2B) ACU
” : Antenna
10MHz it — Control Unit
B Oy 755
Reference Reference ——  (20ms,100ms) —— FRCU
Signal Signal [ ] : Field Rotator
Distributer Generator ‘ Control Unit
(REFD-B) (3551A) %ﬁﬁ/w¢gf==
BRIES
10MHz | 100ms (RS-422) ??%LeJam
Vil — -
= Control Unit
mﬁtﬁ_ﬁ% RS-422%— K
— = Ll L RS-422:FK— F PCl-4145
3551A S L g K
(B #m{Ei) NTP Server S NILA KT R
F-F
LAN PCI-6204

(lntcrfacc?iwcb"f/f FEY)

B 4-1 Skt OMARED GIRFR = BU0 5 02 T2 )

IKFEA =P =5 OFLUE(E B3, BIFED 5MHz (212 10MHz HFIH$ %, £7-. TCG/T £ @ IRIG
FEEicfb, BZEEENS O 1PPS /M3 %, 10MHz & 1PPS %, /-8 A4 2 KUE(E 53k
AT L. 20ms, 100ms ORI 7 v v 715 5% AT 5, AR REHRFHERKIC S 100ms # AL,
B L ACU H O SLERZ 26 bt 5, HilfHl, BtRUE 51%, AR MIC RS-422 R— FAE AL,
ACU %% LTHE%ET 5, LLEICk Y, TSU, TCGIT &b gtk & 4 5,

5. a—F 4 7 DEBIRE
2017 11 HE TOEBRN AL TICE L D,
1) U 7IVilfE Ofesr (~2017.1)
- RS-422 78— K (Interface 5 PCI-4145)iZ L il =2~ > F&fE -
BARAT — X A%(5
2) [AH17 vy 755 DY iAA (~2017.4)
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« NIV A T 7 o Z IR — R(Interface #:# PCI-6204)(Z L 5
7 vy 7G5 AN%E N) T—L LIl =~ > RE
3) ACU Tl & FEVES B8 445 3551A Z W=l o~ Ri%fE -
B AT — % 2%(5(~2017.6)
4) ACU 8%, BRIEHIGHRRE, HEESRAERE MW vy 7 E5FEEI T To
Sindi AZ/EL BEENZ A (2017.7)

Acu Control =l(o)x] '-

FoOLITSU_SIMiMome/khirane -/ ajx
2748(E BR(D) WR(Y) WK 27 ~aZ)
AZESYAR o 180 AU STON OFF ANS
- - AGU! EXTERNAL GLOGK FAULT
EL u a 017/07/05 03: 30:49: 206
HRmE 45 90 ey
" 0847
LINRACKMODE M PN uE nmruv 5 A {FRDIZVESTFEM)
] UMIT RESET AGU! DRIVE WDE POINT 0PN
C ACU:  DRIVE WDOC TRACK ADY
] AZ DRIVE ON AGUi  DRIVE MODE POINT RDYe
=5 AGU:  AZ DRIVE ON ANS
41 EL DRIVE ON AGU: EL DRIVE ON ANS
ACU:  AZ DRIVE ON ROY
[] STOW POSITION [] STOW LOCK ACUI  EL DRIVE ON ROY
At STOW ON RODY
e ACU:  STON OFF ANS
End | sena | ACU! EXTERMAL CLOCK FAULT

5-1 filfla~> REGEHE) LERAT 2 AZEHE) T A N7 a /T AOEH
5) pthread |2 X A filffl =~ > REELUEH O~ /LT A L v FK(~2017.11)

6. 5% DHE

ZIET ACU OHIZxT Dl BEE S DOEZFEIZOWTERY A TE A, 4%I1L FRCU,
2BCU (27 D ALBR A2 AERk L. BRENHIEER A 1T 5, ACU, FRCU, 2BCU &Ikt L TR = > 7
IZESWIZBEETOLERS DO, FAEMARMIINETO ACU Bk L 0lfE & ig L TR <
D ETRT D, ZOAMZELHERTOILENRD D,

Wiz, #EHY 7 N VFS L OF — &% LAHEOGLR b LETHD, ZHETIE TSU 205 Tt
KT DEZAFEDOHEEZE L CTE=n, TSU O LIREHOBEIZ N T HREBFHEEEAZ BV IAA TV,

T, a—F 4 VBB UL, BRSO E VW a— FERER TS5 2 L2 HIEET, BNHED
—BL LT, BififEE0ZEE2Z 0, ey FIBOY 7 by = THF#ICE S a— Rl Ea—
EZTLEHEEZ TS, AbET, Y MEHY —LTHDH Redmine X°, 717 7 A
W= g VERY 7 PGt EDY =V HIEHT 5, 3 —7 1 U ZHEEIZ20184E T HITK T PETH D,
BE DAL BERE Tl EERICRIRZ Eim i O L 2 FFo#if I O 22 BB R T 5 2 L 3 FTRED,
F 72 % Dk TSU OFFLINE [EENRHEAT L0 bR T 20ENH D, 2o OEERERZ# T 2018
8 AIL/KIRFTOMEMBMZ BfF L T\ 25,

7. £¢%

P2 [FIHHIAEIES D TSU 13 VERA 5 OLEHE T PR AF AR AT Th 5, Plis e 2 HET 2720
TSU REMABRET CTh D, WEEZT L L2UELAPEHCTHEERRECH D720, REHIH L
B LD 72 dNET 5, BUEE CTHARMRE - R5E - B AHE . = —F 1 v 7 LEEERED T,
2017 £ 7 HIZIIT A M7 a7 7 K2k »>T ACU Ll BAE 5 & 26315 L. AZ/EL BEFEhCRTh
L72, 511X FRCU/2BCU & 0k%(5, A Y 7 F & OEZE, RIKBRZEOFREIZE Y e,
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AEBRBFTOBEBBRIZONT

OfFA  f#h, IEREFMER, BIRE . BEEE, EEET. & HE MREA GR - REBIIETD)
AR 2 (ESZRICH « F) . fokior RO - A48) | 38 pER - MUK SCH)

B2

AREBLRPTTIX 2012 LD TKWFC 1% W CTIABLEFIRIG B 21T > T 7z, BUEE ORI 28 T, Bl
&M O EE B A2 E L CGER TEDILNHER TEI2 2L b, 2015 AFEENLIIBLALE 4 B Bl ~Lisii L 72,
ZO%, HENTIZEAETERRLORIETLE LT A BBLHIZ RIS BEVRUT 22 LRI LT, ZZTIERHO
B BB OREER BLR, 25 ONTIVEIZ W THRE T 5,

1. BEVEH

HEMBIH ZAT O BRIC R b HEARRR L, BLHlo S (BIHSMHE) Ml Ch 5, 22 CTHeFERBLI
EITO70IE, [EEOE U —HB XN =242 Y v M2, thossll EICHIETEMRZEIEN
KDHND, KEBIATTIX 2018 FISHIE RO KBUEZAT 5 70 E L & K — A OE MO E
WD TE T, TORE., BEMICED B2 BB OENNEB TE TWD, KEERIFTO B #h#l
W 2T DOFERINZ DWW TIE RICPITBE T 28T v AR T D A5 34 [81(2014 4F) O HiT R ORI EE T |
KOV 35 [B1(2015 ) D FH R DI RESKE SR INTZ 0,

2. B E

BRI AR /2 R AL BUBRAA - BB (F—2 2 U » MBI B = —BRER) O HIT & B o> ik -
Il (RF—b2 ) M - B = — 2 0k) OB 4T 9 72 01ik, Bix 2R 2 HE LA g
BBV, ZORTHEROMEE L 7 5 72O HUR OGN BRI EO BEAER L 25, 11
I RGBT = & — TR T,
e R 1. AEET = &
Weather Monflorat o~ R, ABBLRFTA At
e o - LT3, 4R A S B 0
Sy LML E T Ty
hNLizboTh, BTHE
 EBAZEOHEICE, ATR
TN |t O S O S

S DT LT TR R O B
AR LB S T RO R
D EFHE) ZHNTW D

i SR ‘ r"“uvml uooum SE | AV WS) | 5] | |ulz‘:‘|‘:mfm':‘u‘m | Jia8+:3 !
k1 0 T h madac

i
S—
i
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3. ARG HHET OB R R

AREBRFTIZ BT 2B R OREFHI OV TR T 2, REBURIFT CIIBIIZE A Az (BIHI%E
faf k) L RFEZhE (BUERERE) O 2 SOHERZ NV TER L TWD, sbfliT B, RKK
XD TREBWAFTY 2y by ARY T A 2011 QLU FOWEZSRINT,

http://www.ioa.s.u-tokyo.ac.jp/kisohp/RESEARCH/symp2011/KisoSymp2011/KisoSymp2011_MatsunagaP.pdf

(1) HA%E: 14KIZ 20 exposure L D OBJECT 7 L— 2N RONTWHEZBK E 7 b
(2) WMEZE . 1 RKEFWNIC 5 exposure Bl EIR OGN TWAEED 1 R ZBRIRME D 7o b

KA, 2016 4 D H2h=R1% 187 days/ 351 days = 53% . FFRI%h=R1% 1389 hours/ 3767 hours = 37%
Lo TS, ZOfEIE, MEOKHEEERTHLRNWY Yy F U7 2R LTS, K22k 6 FMICH
% AEOBINEZRT, 2N bOFHICIE, BUEO ENBIIERE CH 5 TKWFC) 7 A 7 OBLHIR R
ZICICHE LMEEZ VTV D,

BEHEICLS
BRI AT RER R

100 T T T T T T T T T T T T T T T T T T T

BE
80 f‘\ e HR— N R7EEA A;\/"\ " [_ -
R 21 I A IV W SN A N D
a2 _':\ : ey \ (-- " s /« 72 A 7 ‘i 9 ‘\\X/" Ax i H A3 (50%)
it o EIELEIE - T ;A, ol EEDRTU R
20 —V \ [ v v > o (30%)
1 1 1 AL 1 1 | 1 1 1 1 1 1 1

1
4 7 10 1 4 7 10 1 4 7 10 1 4 7 10 1 4 7 10 1 4
2012 2013 2014 2015 2016

2. AEoOBIE (2012-2017 F-F)

Mo, HEREHZRTIE, BAThEZERERENRRNZ ENDND, £z, REDFHRTRLE
77 70k, BEHEE (BUREHEE) (2 &K 2B ATRER A 2R LTl 0 . ERR ORI R 2TITR UE
ZRL TSI NG, HEBR R VBRI TH L Z L0 5,

4. BRI FTRERER DR

B SHEZATOBRICIX, HFE - AFTHELZHEL TWD, ZHUIRKTOKEK[EDLEIC K
b0 EBbNTEY, EEIZITEZE (ATR fi= 1.05~1.10 ), 47 (ATR f=1.0~1.05) O X 51
A LTS, £7o, BOBALE - 7B (DomeSlit Open) ZMHZBITE Z S22 K 5 BUAIH T - {5
1 (DomesSlit Close) ® ATR fi% 0.05 KEVMEIZERE L T\ 5, LLFTIZEMARMIZ, Wk 5 FEMICR
VD BRI ATRERF R OFEFHZ DWW TR T 5, X 313 E 5RO 1 A1) 2 8Ll FIEER I O BEE > A
&L BREERSA AR LTS, ATR E 1.0~1.05 OFPHICH 5 FHE0E. BLRIBIAA & 1k )& &6
ZARLEHOT, HH LD ATR EPMEWEHIIBRETH L Z L 2R LTS, AXD 1 AIZET

W2 5RO BREERS T E B L 5~ 6 EIREGBNETHD Z ENbND
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4., K5 1X L EEBRIC, DD 2 A 12 HOlaE 5 FER O EERT,

E

B

20 r . . —— . 20.13 - 100 . - ; T T
Jan. ggig - = Jan.
— BE - e — o0
*® B 2016 =~ 80} faE om 1
15 2017 B
& 12)
2 c
8 9]
S g 60 1
L]
E 10 Ly
0 2 a0 ]
A =
X ©
a3 = 2013 ——
g E 20 2014 ——
a 2015 ——
2016
0 - . . . 0 L I . L 20.17 L
0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 0.6 0.7 0.8 0.9 1 i1 1+9 1.3 1.4 1.8
ATR ATR
X 3.k SAERD 1 Tk 2 EE L. BREERSm
2R 3A 4R
22 | 2013 8 I} 2013 2 ! 2012
o | W P m— N | w I E=)e | e @ E=
S i 2016 SR 1 2016 2. | gg}: —_
§ i o E ' o g | : 2017
| | : l : |
'I;E £ I £ 10 1 T [1
BN o | o J 1 o A
g I v / 1 o \ Lo
B3 : 3 / ' 4 NV
" : :er [N VA
& | & | I il ] AT T
> ™ 4\ 2
*r_ , N : Nl \ / S
: 0.6 0.7 0.8 0.9 1 1.1 1.2 L3 1.4 L5 Dn,a 0.7 0.8 0.9 1! 1.1 1.2 1.3 1.4 1.5
[ ATk -
i 1 "1|
100 i 100 E 7o 100 : =
o | e g | w | e A
= 80 1 . B9 I Z Z s | /
£ 3 I Y/ & ! - = : A
g ! A H - & /
R 5 I / 3 6o N o -
® 1 — : ko Z
- / = Vv
ﬁ ¢ 40 7 ‘: L / «'/ E R .
= 4 E
B z ] 1 2013 —— ke / ! 2013 —— & / : 012 —
% 20 / : 2014 —— E / ! 2014 g 36 I/ 014 ——
~ / I 5312 ® // I 2016 L f A ;gi: -
. o i b . 4 I 2017 . ~ ; 2017
0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 026 937 L0n8: 009 B el 12 3 kA IS 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5
ATR ATR ATR

4. BESFEMOK A GBOERIIA &

34
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= 20 20
T 2012 ' 2012
A1 2005 ] 2013
= 58 ' 2014 - - 7R - 8H 1 2018
- 015 = [ - 2015
s ! 2016 = 15 % ! 2016
g 1 2017 ¥ g oy 1 2017
] ! : § 1
e ' E & -3 |
£ ! & : !
H ! : H . | :
s W : |
L] " 5 3 5
i ! ' i
] ¥ '
1 . '
0.6 0.7 0.8 0.9 11 1.1 114 18 0 0.8 0.6 0.7 08 0.9 1 fI 1.2 1.3 L4 1§
dr art
|
Frr— e e 00 100 :
— | May ! - = Jul. ,, Aug ]
< w 1 z L) S o :
[ | ] I ) k '
2 § H ]
g [} 2 § " $ w0 [l
| 2w -
| 1 4 f £ |
3} | i & - ] 1
£ a0 t H £ £ w0 |
p . 2012 4 3 3 1 2012
- i 2013 ] 3 3 201
FEEL 2014 § E 2 E 2 ] 2014
3 1 2015 o I+ ) 1 s
1 2016 ' 17
011 | 9
" ' 011 0 LA
8.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 ) 0.8 0.9 o.8 0.8 0.9 L1 3.2 1.3 1 L
20 &
1 01z a T Y
98 ' 013 ' 2013
: I £=] : . | 1A |12 0
= ' oiE = = z : 2015
; ' 017 3 2 z !
3 ' ] 3 H '
B 1 ] z ) '
H H B z
w ' “ £ £ '
a ' g '
¢ v .
2 | % 2 1
i s 1Y i B '
3 i 3 28
] i Fi ¢ ,I
1 S
T L
. = ]
e Lt 1.8 66 0.7 0.8 0.9 4 1.1 12 13 14 LS5 0.6 03 [X 6.8 8.9 W 1.1 1.3
AN Arr
10 ! 10 10 1
100 0 100 100 :
- Sep. 1 - = Nov - Dec 1
% i : g 2 2 ol :
i ' i e £ '
£ E § 5
z 1 H H z 1
& & g :
- i H H H 1
& 1/ = £ £ ¥
2 anp " H $ oa H '
2 s 2 3 2 1
5 / 2012 : 2 3
E: ! 2013 2 = = i 2012
1 2014 z i i 2013
: 1 2015 5 a 5 i 2011
H 2018 2015
3l 2017 . ' 2016
0.6 0.7 0.8 0.5 1 1.1 1.2 L3 1.4 15 3 0.8 1 1.4 15 0.6 B 0.9

5. @& 5 FEM DS H D KKy

5. 5% OBRE

e, BEEHESM 5-12 1)

1 11 52 1.3 L LS
ATR

AREBRETCIZ. S RIOEH S RY T LD P17 T, BGRAHE STV 2 HEE [Tomo-e Gozen |
RBINAREF I A 7 ORBRIEN % 2018 4F 2 A HAINOLHMBT 2 TETH L, TOHLED, A7V a—/L
U TFD LD IT>TW 5D,

2018 2 A
20187 H
2018 £ 10 A
2019 1 A

: Tomo-e GozenQ1 (21 B ¥ —FEF )
: Tomo-e GozenQ2 (42 & ¥ —FF /L)
: Tomo-e GozenQ3 (63 & ¥ —FF /L)
: Tomo-e GozenQ4 (84 &> % —FEF /1)

ot
=

. BRI

R, (Q1+Q2)

(. (Q1+Q2+Q3)

. (Q1+Q2+Q3+Q4)

gt g b
=

=

BAEHIITIZ 20194F 1 A2, 7Ry 7 TOBRINEGESND TETH D, £DFEIZ, Tomo-e Gozen
B AT OBROBEMEICINA T, fJRERD AT OREREIRZ 1 OREICEME L, ENEOEE Ko T

BEt15 2

FHREL 72> TN D,
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OAOWFC D NEHI

OmniEEm s (3 LR AR ERBLI T

B
0 (L R A BT 0 9lem [ Zm 2 LB ARAMR D A F1C8HE LT, 24ERY
BATHBBINE LTS, ZOBABNEZAS0E, ABREHE L, BBIEAH
fiigghe, = LCr— Ry =7 OWHRBIEL K+ 22 TH 5.

1. IXCBHIZ

] | LR AR ERBLIAIAT O 91lem SCBTimsild, 1959 4RI H AV : Nikon)iZ X » CTRYES - E
FEMID 1 A — MUROLEREETH H, ZOHmSHIL, & U CRHERYECAR 5 EBMINC 2 S vk
REBITTELDN, BarFRINRIZE o> TUE, BBEYIOIE RSB T O -fl& T R & ZiEsi T
HdH 5D,

ZOYRERG MR T 2 FHOHEUET 2 SRR (0.9-2.5um, VI HKsband) U 47
OAOWFC: Okayama Astrophysical Observatory Wide Field Camera (Zt4i& L7-, JEFRIT 74V
—RKheZ VoW 2y PREFEREMASDOEIERXEHA L TR, REORIX 2.5 LT
RN TR TR LBV FERO—DTH D, HAI1CIE HAWAIL (HgCdTe 1IK X 1K) Z 5% & L Tk |
0.48 X 0.48 sq.deg. DHEF % 1.67 arcsec/pix DMFE/FREE THRIE TE 5,

ZOLESIT, EREREICE S EIRMBEEOM AL B E L TduE SNz, TAETD 2
AT & O W] CHRR RIS ) 30 M- A EE ORI (1b]<1) % Ks-band TV ik LE=F8H L
TR, 90 HRRED | 7 7 A FRUZSEEBAZ RO 2 Z LTI Lz, ZnbOBEMED 9 Bl
Gaia 72 (FIADETEID TIRHAZTWZRY, S0z 5 & RN R BRI 2 2 & Tyl
DTRZTEREREPIREEHED TS, 72, OAOWFC ® X 5 22 JGE R e AR > N IR
i 7e< T, 8% 5< OAOWFC i, MAGNUM, REM (Zf 0 CH E3HIE TH Y, LB OFE
Bz b oDIL OAOWFC OATH L, 2F 0, RO Z LRI TE=F P —4( TE HLEE
X OAOWFC OAtiZIZZR2ND T, A% b Y T &R L, RO E 7 7 A4 RofiaB oz Lz,

Ry NEESEOT D I L IXHEM T, BUANCE L 2RSS THIVTEINT — 2 2 UG L, K
DZEI7b R—Lhvy v X —%AHTIRTy, £72, B2 MAIZBEICITAIX IV, BRI IEFEE LT
HRRAEE=F, BFITA— N7+ — D AERIC IV EBRTE S, £ LT, Hmsi, F—2, &
7 EORIEEEZ ., MREES oA 2S5V, Kb S L EETH D, LT, F
MFRNEET=4, A — N7+ — 0 A, £ L TS OBREIEO A >N TR 5,

2. FRERNREE =FI1T & 5 REH B
AREBRFTICE T 5 BB & FEE, REEHIBnIXIPRRAMRET =4 2H LT\ 2, SEHAFT
T3 Boltwood Cloud Sensor IT  CK[E Diffraction Limited 540 : X1 &H8) ZfFHL TS,
ZoRGIE, BEFB~12um)DE Y Z& 2 fHNE L TV . M EHBSHE BT D 220 i R A
FIXHECH 1T 5, KICA DA E=F g LxfIET 5 Tsky #n L7z, E&EITL U T Tsky 23251k
TR D, MEELED L HIREZ, ELSZEIELL WV EZATHVEN, LoT, H
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clear : Tsky =-49.2 clear : Tsky =-44.9 cloudy : Tsky = -22.4
1: RAAE=REHE. BNCSIT AFHRIL f= Tsky.

overcast : Tsky =-9.1

FREICHT DEOREZEITNEIL 2D, Tsky BR&EL 25, 2T, Tsky (Z@b 2 BMEE7RT 5
ZEIZED, o TCWANEIDEHWMTHZ LN TED, OAOWFC 1 Tsky 28—15 E LY K&
{ITpoleb R—hyv vy v X —%FA U TEMZEIEL T D,

. A= T x—h A EE
F— N7 —h AREREIE, SR OMFERHINC RS < B

[BDOT 4 — Ny 7 HEL | TR T +—H AP % ﬁ
LTI 4= Ry 745 2B TERL TS, Secondary I-! Iy
- Mirror - i/ﬂ
FP. PG O£ EH L. S5 & RIS B2 %
IR B FE 5 720 I SR R % LA 4
BICATICRE L (R 2 200), FREST, (KIEY
S22 (YT ETL) OBET., E&E3,200mm Th b, -
ZOESIE, FHE RIS OHEERE L [F U T, &KIRAS 40
EEZ5{E LT b MR DT dum CTh D, . 5 G | ]
B (T4EIC 1.3mm FEMKE L, ~HTH 0.2mm - nﬁ
BEOLELE LT, FEFIE, RS 2 L8 & o | 5
[wzEY

AL T 5L IR AT Th D, SR kv 7=
v RIZIZFEEEf O L — Y —Z 0t % GHAIEE 1um)
B AT SR TE Y | BEEEFERO_FRISTE & oL -
EE=Z L TWS, ZOMMEARIC LY, EEEERSRICT 5
B O BRI BT C & . BB B A B A O
AR RIS A I L T A— R T A —H R
MWEHTX 5,

Primary Mirror
HEHLZLE ZA, R4 — N7 4 — 0 AT FRRR Y 12
FEREL CTWD Z EDERCTE 2, B8/ b B Mil#EIX
TERNWZ ERNHST-, BELH L, KB LITHEOESEGS
B Ly 7 AR EL U CHESERENE (LT 5 2 &
R, WIRHICH D7 4= RL XD, 185 - BISEICR
HARRLENEALT D2 Z EDNRETH L & Bbhvd, EARED OAOWFC [ZIXEHEICER T 59E
RINZENR DV | ERLE Z A TREBOMOND FHNET 5D, ZORBOMODNEAE 74—
AFHUE—EORBER S 5, £Z T, B (BIEIX 10 2B &) I[CEBZ T L TREBOAEA
ERHMBELC. 74— D ATNERH L. ZOTNEEZRBISNEIZCT 4 — KXy 7 LTW5, 29 LT,
SEHIWNCIZES O FWHM % 2.5 |5 3 HE ICHIEITE T\ 5,

X2 : REICHITICERE L - BRt AR
Xt Y TRISRE DB
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4. V7 NUTTIT L BEEHEIE

OAOWFC D AHIE A FZIRT S OFIT. N— Ry T7onEEEes, V7 b= 7icks
WHIRIEIZ S 5, ZZTEIN— RV THEAEZHE L. V7 F =7 ORI HOW TR T 5,

RA encoder
Multi- DEC encoder
port Domefe[a]

TLA

Serial DomeM 888
Domefk Messiab B SV

LiEi. F—L
RS(radio DomeXx Y v b

E5)VAR Vessia 6

RS

IT7—HN—
SR> vy &—
B#E X stage
B#% Y stage
E#F Z stage

R

KEE=4

B3 : 0AMWFCDN— KT F7TAVIFTATIT L, TNTOHERE LAN TOHAASTNS,

N R T RERL S A 2 BRI RRGT L7, Bl & 1, MR Tl i a s e —F & H
DHUT, ZNEhOar v —J%Fy NU—78#H L, HAIZEELD Ol TH 5, X3
IZ. OAOWFC O/ — Ko7 -7 v 7 KThbd, OAOWFC ORIEERIT, FREMRES. Bl XYZ
AT =Y, R—ALv ¥y ¥— F—LERZEE, SGERHMETITHEEE, AT vA722E 2T 14 H
D, FThENIZay he—I9R8E0ETonTWnd, 2> hr—J21% PC offiic, LCU# & T
LENTZLDRH S, LCU &1 Local Control Unit ORETH 0 . 7 O FEARIL [ L KA R AT
TEet - WEESNT v TF T e ~w A3 (H8) A— K (@HF:EKF—R) Th5D, ZOKR— KX
U7 (RS232C) HEfEHEEL . F50 D 1/0 #fixT\W5b, Lo T, s Tnidzra—x
D BRI AL » FHD AT —H ADFHFAI, S DITIFFFEE—F — ORI, A1 v F DYDY
Bz E o~y RIZTERBIATE S, TS# & 7~ 3N 7-#%51% Terminal Server T&H Y , TCP/IP
& YU T E(E (RS232C) OEMAHIT HHERER Lo, LLEDOERRIZL Y, X Toav br—F1%
LAN (Z#ife S, stHEEN O AT — 2 AR L HIENRE L 2> T D,

DI Z EZET 50 E Y 7 vy =T ContWFC X, A7 U 7 h 556 Ruby ([ CTRtik L7z,
Ruby IZ, FobLLEWEOARMBEAE LIZAT V=7 MEMSETH D, Ruby ZEH L-#AILE
WZZohDb, —DHIFE, FITRIANZEATWHDEINLTH D, ZOMEIZLY, 22— RITER DA
< THTeT2H, BRREHNEM S, BHRA T T AREBRIND, ZOHIL, s IERIIH
WA LB T D7D, WHIRERD 7 T A« 5477 Y Rinda ZAEMERIZYHR— KL TWDH )
HTh D,

Rinda (&, # VAR —=ZX LIFIN L 0BG AE VIS, F TNV EENL T — 2 iihEETD
:kfitﬁﬂﬁ%ﬂiﬁﬂéﬁéfﬂ‘ﬁ‘éﬁﬁfi%%ﬁﬁ‘é Bz BRHIE, ZTVAR—R TRy NT—T - T+
REZRPERIR TH D, Z OERIICTIE, B 21 (X 7)) BREZSRAENTEY, 2O RlR%E

ﬁ 5!%71)\ (FrtR) [ TEETHT_XRTOITNERLZENTELL, TN aEZRA LI L
INFRE T %, FRiRICIFEEALZNT, FHEEOHIR (@H 60 B) @Sy 7 VidiiEsh s,
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Dome Slit Status Weather
daemon DB
CMD
Telescope Status ST
daemon Tup! CMD ]
CMD uple daemon

Dome Status Space Status

daemon CMD

CMD
Shared Observatory

Status Memory CNTL

CMD
Stat

Filter
daemon

Camera ™D Statd
daemon Scheduler

B4 : VI EIOI7HEE TRTORER (RT—F R, AIVFRE) FRATLAR—IENLTH
UMY ZEd 5, BEETA23EMATAEXIE Linux TIEF—E > (daemon) &EFEn b,

Fio, BX 2 VT A HERFOBLEND, BERANITETSICT 7B AREERANERET A EHTX B,
IIH9THIET, BETRKEREN RS A v E—VORBNTEDIRENEZ LNLTWND,

ContWFC (%, Rinda Ot 254 PN AR—ZATA v —IVKMWark+52 LIk Farv bn
~§®%ﬁ%¢%ﬁofwé FFEDOHIT, FrrE RICEE D A2 DERIT, 2 ha—F &0
WEEENT LT RETHD, T RIE TNV A= % BiES>TWT, BH5% TOMBHE
726, TONRE 2 b —FZ#E L CFITIE, REBWTHY TNV AR—RICEXALEESE
Fhi T H1E0, EMICay b —F LA T =X A EM\nEbi, ZOREE X TNVAN—R|TEEX
AT LIZEY, FOAT—HAENELTHENOT v A AMET S, £-, KREEEDO LD
W0 BI ORI HOWTIE, AT —H A 2EZXRADLOARTHD,

M4k, #TNAN=2L ary ha—7F LOBELEENT 27 0t AFEORR A BRI HIV -
V7 RUZT - Tuy 7l ThD, BREMEIRO X S5 17on s, HlIE, F—bv v v X —0DH)
EZ b % Slit CNTL daemon % Weather DB O D AN ZE=X L, ENEL Lotz b iy v ¥
—&PD, REENEE LGS 282 T2, BT —2 T 2BF, kDX 912725, Scheduler
DRIKOALE NG, 7 — 2B HFIEERE LI 2 — (X 7V) 28T %, Observatory CNTL (3,
ﬂ?:—%x THECY BN FETRE &CHIT T AUE, R—AEREEEICA Y v O FAAEES. RERES

WCRB DT D, MENPLDOKRT A=Y (F7V) 2%1F726, 4L Camera daemon [T
BERETRT D, K TOA vy E—T%%F7-5, Scheduler |[ZH& THED A v —V&kD, W@HE D
I77= Scheduler (X . KOEHIF 2 —% ¥ SN AR—ZHIT S = & T HABEFE VTP L, ContWFC
TiE. ®IZ 300 BREED X FIVBAFIET D3, T b OIBEIE D BIEDSBUZN R G 2 2 8T
WINT LA OFH LA — =~y REHKT 5 LMUNTh %5, Rinda 23 REET DB OHAEAIT, =
—F A T OBENS b A TH D, K7 0t AD a— RIZEWITIKIEE DD 720 Bk & O RBIRICH
Bo AVH—T 2 —ADHIEEZ oLV ROIUZ, NTHBAVIZ K, BEFB LTV, LTS
JE U TR AT MA 2 Z EFESTHY , JREED AV,

BT NAR—AERET 7020, av ho—F LOBEZENT I 70 A8, & 52HI
%3729 Scheduler X° CNTL 7'vu-t REX, FEMNICEREL TS, 2H LEEH ek
T —F L EMEIND, 2T —F L OIEEMREZITO KL S &EENL, e RAEHT —F
> Monit 285 T\ 5%, BT ContWFC 13 ICIERMET-N T\ 5,

L EED
OAOWEFC [FHF T 2 & H ITHEF DJAL \fﬁ*ﬁiﬁ%%ﬁ"ﬂﬁ AT T, Rith7e < HEATHBIAIZ I LTV
%o MEANBLANE, KiHIErikee & HBITHAEIEREE, S OICRGEOMREELZ RS 5Y 7 byx

TILEH-THRIAINTWS, ZOY 7 by T OFIIL Ruby/Rlnda - TV D,
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BReLTF 2 —FTNV7 4V Z —FERITHONT

OARK = —AR, KEB— EBE, KEM— e — BEEAE, EHnE
CRAESR PR AR TER B8 K 3C)

I
TSR B A ER B R SCE Tk, K@ R EIRS T = —F 77 1 v
S —Z5EFIVBAEL, BUEETIC 2 A R/ELC& 1 AROAZE3 2mm (UTF
—32) E R—A L AKRBEGEEGOMN O R E G CHUIIEH I TWS, 2HH
D40mm (TF—40) 1201644 A0, REKCHKEGRIGIEENZiEED S
DD LIZHEHINTWD, AAETIEAE3 2mm (UTF—32) O7 4 VT —%iF
WIE 1 /8 2 (HBEFMEIE0. 125A) 12574 vF AL FOBFIRMEHRET S

1. X LC®IZ

KBRS o R e EZESEC L AR E LT, KIERKIIZ A X7 A 7T X~ 1B Tl
TESNTWLERHLMNE R | ZOBGOMNT RO T BLEITEONTE L, ORI EZ B
BT 2 7-lcix, @R e, AR, @O MEE CRBREICE O TR & TV 2 R OEE S &K O
BOA A=V TBRBBEL RS> TELIENE, SFEMEVHTLWVRET 2 —F 77 4 L E—D
BRI F LTz

2. WMETFa—F T NVT 4 —Lik
VA7 45— L3Rtk BEHo R 5 EEIS Oiffa. Kk E) 2ZHEICEREDE.

BWERHBEONZMY T HOT, SETHIEL TX 2200V A7 4V E—F7TOOT7T vy 7IZ &
STHEER L, BBR#HZ20. 125AL 1L, ROV AT 4V F—TIIRELHBEITHIB, HFFETE
BB ST LR LETH o722 b BBy oM SEIRAZ B E LT, R 2 HMERNICHEML
TWo, LU, @ISR FIRFTHERE O /B 5 B R AT 2B 22 & R R A g NI L, &
NOELEINTHZTOMICEBRINAEREOE LWMETEZHR N T\, T 2 —F 77 0 V2 — T
R vl B3R G R 1 2 MR BN A HEBR L. Z W BT RE S L B = o g B BELL L7,
WinFEFZHENT 569 =DM L LT, WREHEHE ORI R EE A ERT 2 ERAETHY
BRic1 SR LT LAZNE3 2mmAOUTF—3 2150 TiE, 51 0A051100ADHES
BNTO. 25 AAATIEEOREICKE LI 00m s THRELHT A Z LNFAETH D, ZIUTHEHRD
FESHBE AR A LT D,
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1) UTF — 3 2(Universal tunable filter)
UTF—32 &3 2mmD YV A7 4 & —T, 201541 AIC5%8k LTz, ZO7 (/v
H—IBE, RBRLE R—A L AKGZEEOEFBHAE LTHWLENLTWS, Fi2, £

DMz £ L SO RTURGEIEE TOBRIC bEH STV D,

————

2) TF—40 (Tunable filter)
TF — 4 0 3REBR A KGRESTEE ZimsE (SMART) OF LWEIEEESDD I IC#H
T oIl SN A4 0mmORGET 2 —F 7V 7 4 V2 —Th), SMART T
I HERNEIICRESWMER STV D,

3) TF—1/8
UTF -3 20FwWERIIHA0. 25ATHIN, ZhaIoifoo0. 125A1C
TOHLEORBFOREBTHDL, UTF—32L 207 4 NVE—%[A—DNE EICRET D HIC
L oT, ZOMREEZEET D,

BUE, FBanlZ DWW T AR B AT SRR AR B JE == IS TR 2 H LI L Ch %, ALEE
IARFERNICTETETD D,
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3. ¥&®

BREOWHT 2 —F TV 7 4 V2 —OB%IE, 199 6ENLFEar FTHHFTIO1 0 cmant
77 7SN, HES 30 3A0an FHERABINT 27O I LORERNLRLOL
LC—FDICHRE SN EBbnb, £k, TORME) T T 2k L, 5UEEKZHE K CH Tk
201 2FIZH LWIRRT =2 —F TV 7 4 V2 —DBRENEE - T208, BRENO0. 25 AD7 4 X
—IFENTEELRESNTELT, WEFKHAL5100A511000ALIEFITILVHTHD Z
&L MRERRA TR F OIREARAFNER & OREE S LB 2 H) B HIE 72 ITIFIER ISR 23 o T2, 20
HIE, fRpTicid, A ERK BEN KA KBBHEYTm Y2 b)) NMEY S n, L0%n
R BEDOMEETHY &V OIFFWIIKRERMEETH L Bbn s, %, RIEHMITEHET 44
LA PTIBETLE L H LR, 201581 AICHIEHTHHOUTFE — 3 205 L, PEERNM
BHA RGBT T, KBDA A —2 v 78I EIT 572, DISIEREBERSTE R — A b A K2
EERBITE LB S LTV D, T 25 TH D T F — 4 0 13IREE K SCE KGR BLIN 25w 5
(SMART) OT 1 ZEBEOH LWEILEE (SDD 1) ~E#isi, Ax0BIlAVWsATWD,
BUEIX, UTF — 3 20@BlIELZ I HIENICTHTEF— 1,/ 828EHTh 5,

BER7e &
CENRLEBERERE e 27 b (RBBERIET) v =
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BRI R SCEEITERFT COXE 2 v R E R o BLR

OB ER, RFRE, W —t (BN KXHE), Yu Liu, Tengfei Song, Xuefei Zhang,
Mingyu Zhao, Zhong Liu (EFFRXH) —ARE, AFHI— GHEIKRT) .
BEHERKBIREKRT) . HARE CULFERERT)

B
anF 77 LR T u RGN Car T HES Ny 77—l ES 28I T
& % NOGIS 3 2009 4F% TR = v FBIHFT CHOW O TE 7o, Rl = v T BHIETS
PHEA S L7-1%. 2013 42 11 AICHEEFRK LA OEM R CABILBLIFT~Bix Sh, X
B = m B 2R T D, 2 2 TSR = a R ORI AT~ O KB 2 v
ok CLBERRBLI DKL E (2 >V Ciam 3 %0

1. IIC®HIZ

Kb=aaF O 2 SIEKEGAED 106 FRE LR, WADOHL S LRRETHD, st LT,
KIGHTEDZEDOW 5 S1E, FEORWLIO ETH, ERUCTIDEEDCICLY 1051380 1 H 57
DTRG0 FTEEAROR LIRS Z ENTERY, 20X K= a2 & 5w Bl+
DI, ERNENEOBATZEWINZ S 2B LETH H, S 6IZ, 1930 FRUIZ~LT— -
UVABRT T ADELR—IURICHHE Y 7 « T 2+ I 1 BUAPTCHA% L7z N LAY KA A % ik
LYEHENTOBELZES Lizau 3277 72 0T, K2 a > oBRINTTEE S 225,

Tl HEER SR ILTE (B 2876m) el = LT Tl 2009 4 F TGO =2 v S8 %417 - T
Wi, ZOBMIFNZIE 2 >OA 10em 22+ 77 7 L om0 26em D a7 7 713 b
olc, ZHUHIFBFT A S 2o S v, ELRCEZE S v o 3R CE TN, BUE, A%
X VR ARNIRE R ENTWD, ZoanF 777096, Kian ikaii(Fe XIV 530.3 nm)
EBAICE D7 4 N F —Z 5 L i 2013 4 11 AICHEEFKCE OZEr K SCH BB T
(BAF, BEIL@LET) ~Bik Sir,

Pl oo FEUAIATIC 1 5 KB =2 v ikl il
N EARST 28T 1950 4205 1998 4% TIThiL T
&, TD%, Fa—=VTARERIVAT A NVH—
W B PAS SD 2009 /- F TiTbiviz, Z
DT 4 NF—Z W8> 2T 5k NOGIS
(Norikura Green Line Imaging System) & FE{E71, E | ‘ . ‘
Koo FfoTs XERE T TR, EESL - - .
WETHZLOTELEBETHY, aF g, 7 year
LFDRH = KA. PR TS U X1 : BT IC T 5 H M oBL A %%,

ST WA DT — 2 MG TELHERBEL LTHEETH D, ZOBMT AT LRPEEHE ~LEBR
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SN7-BE. 4% YOGIS (Yunnan Observatory Green-line Imaging System) (2285 S 4172,

2. ERERCEBILBHIET

FEVLALRIAT X EZErEE OALTEICALE U AR s 133 = o ELHRIET &3 U 3200m O & iz 5,
Z OBRFTIXEIE D @ZE & ZE LT RFE TR = v FBINITARIR A FCTh D, FHIITNE
EHIARTIT o X0 Loy, INEICITBIIR R 2O, FERENCIFIERICRWEIIITX 5, X 112
ILBLATICIR T 5 H 2L OB B B oHR 4777, 2016 2 Alc=r )27 F 7 & YOGIS IE &V BEF D
R—alcB s, #AOBRFICLY an FBHER T TE e, BEEMRALAETEDHILTWD
Chinese Giant Solar Telescope (CGST) D& &9 KA T vy =7 MZABREINND 20, FETE]
WIHTC OB B AT = v BT & i 5 &7, ZOREEZ RS 5720, Bl oA
WO LD A THLRE LIZBINATA D K 912, L B— A O-EER & OREEE O &y K I5E RS OB %8
AT TE[2ly TNBEDT AT K78 2017 FFIZFERMR LI DT, A% B A B OBMABHIFHFTE D,

B2 : () IHF—=24, CF) # F—L08Y), ZOEYNIZIE, BIEDIE), SHEESLHEETE 58
BbdHY, BN OB LAIETE D L DIk o72,

NOGIS iffHanTWiean 77 7 ORISR ThHo/ofod, PESBRMHIT VI =0 AR
DHLDIED X, SV v XEFi% SE D 7 4 — 0 ARG B S, £/, REH S8 R
— DIERERSCEIMER Lz, #H L R—ATORBINSEA SN RERIT 7 +— 7 B b 0 Crg ik
TS Z e < i L CRLIITCE D L D107 o 7, YOGIS # & v FEUMO N RITRE o 0
FHBIFT CEH S TW=b D LR U T D Ichimoto et al., 1999), = DREILELHIFT ~DR R ATIC Tl
2w AT TR = v OB LB e MERE ORI 21T - 72 (B3R, 2014),

3. K= v &3

X 3 & 413l = v FELAIET & BEITELIRET C oK 2 v R OF 273, i, IZIXFRFZNIC
RGN E R CTHUS S B AMR O 2 1 6 —HHoRd, 2 2 OR LICKE = v Ofk it ©
OWEITHI 2 0 0 0 T EOHEE A L TW D DIZxt L, MRiSESME COWREIL 100 TETH L 7mban )
OREEIZIDBEVRH L, aa b —7OMEITBELZ KL TS, 20X ) IHE = o 8T
TP T & ZBINTIFIZ R CHRAGBLAID G C X 2IRIE TR SN2 Z B 00D,
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X1 3:2003 4= 5 A 29 HO K= v 8, () Flk oo BT CoO 2 a ik
(5303A) B, () KBEBN#E SOHO/EIT |2 & % fsmessi w171 AL,

X4 : 20134 11 A 15 BOKBa v 48R, () ZRABILERIFT Co o v ik
(5303A) #Hl, (F) KBEEHEE SDO/AIA T & AHRiEESMR©Q21 A)EH,

ZOBPT AT L TIET ANY —DF 2a—= TR Th DIRMOBIERF AT L C, FZBEERE L
EFERROP R 0725 £0.2nm OEFEHIZE Yy M52 LT, ZOMELOMELRGTE LK oICL
TWD, ZOREZ > TRILBLNIET & e o o FTBIAIFT COZEDW L S DK AITH>, 2T, 2ED
B % & & RBBTRENCITFARE 2N & 5 (Sakurai, 2002) & 9 2 L ICELUE LT, Al 5 el =2 o 81
FT & REVLBUIET O 7 — # ORFEIMIRIEA 1 RBES (11 48) 207, TOMREX 5 DEITRT,

ZED D SO ~D5 A% R~ LT D, FERDBSKG—E 0% MW OB 5 ST, M’
ZORERAETH D, T Rl = v FEHET. RO BILBHFTO7T —2 Th b, ZOWHD S DOME
Fan 77 7OMICRES N T+ A F— RTEHIESNTZKEGT 4 A7 & % — O TH
fbEnTWD, ZORINSRHEAII D OV BRI C OB LIRS =2 v T 28I 5 DI+ <
BAREETHD, o, BILBHFTOZEOM S S 3FEka o ST L RO FREMER S 5, T7eb
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.« ] RSSLAEEREY RARSEERER] b """l‘"""“f' S Ty ]20_ l : I ; I d ’ I
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20 7]
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1.0 1.1 1.2 1.3 14 1.5 1.6 00:00 02:00 04:00 06:00 08:00
obs time

BI5 : (f2) ERFMDZEDY D ED5Ai %k T, TR KRG — 853 DT, O R A% T,
BN 2 v R, AROSEEICBINAT. () 20184511 H 14 HO—H DD 5 S OB AR T,
HH 1.2 KGR, R’ 1.6 K ERCTOHB 2”7, =7 — S —T K2 T OEERE,

B, BRACEDEED DN, L0 K FOBRNCE LI2Gi Th o LD T ERnhoi,
F2. —RHICOLEBILBHFT TOZEDI L S omof] (2013 4 11 A 14 H) #X 5 OHITRT,
NS OBHIBICEWT BB LZR U L5 REMELZ R L, T7hbb, §lITZEREN R <
WAIZZENN D 2250, B A B +2 RERITRELE D 7 < ERIE VR ER R B Th 5, 2D
JRIRNE, BEVLBUAIETE B O HIE A BAMR L CW D AlREtERN & 5, Z ORI K — 2O FANE Y v A E A
IR . B km BRI > TOTEWLE T+ km H2, —FH T, BEANIRZ S0 72 I THICAR
STWD, Fo, ZOMOEBENEUIZ L > TEE EIFond Z EHBIHIICEREEZKIZTL TSI E L
B0, EBIT, T I CEHEOFE BT 2D, KEAKEERT 218 (FANT 0 v 7T 4 R7)
IIBEDE D b OEBEIIZMHT D, 2 O DIZABORTE TREGEERD SN D O EEL TLEDORAEN
T DHRIICRZ D, 20D, SEIOFELZIGH L TERNRIT AT 2 LN TER,

BIE, BETTEIET TR LW 28I 2 Y =2 > (Windows XP 32bit) 13358 = v FBLHIFT i fi LT
Wb DT, EHNAMLETHD, ZDXA I TCCD I AT, iR, 74 VE—NTHETF =—
=TI LT DIRIRIESR O K7 A NOEHZ TEL TWD, S HIT, EMALHTIE CGST
DR TE STV DR E 4600m O IEF-#E TICHAEL Y b RERATRDanF 7T 70HA
ZRRETL T 5,

BEI

[1] Ichimoto, K., et al., Publ. Astron. Soc. Japan, 51, 383-391, 1999
[2] Sakurai, T., Earth, Planets, Space, 54, 153, 2002

[3] Sakurai, T., Hinode-3 ASP conf., 454, 439, 2012

[4] BIFFE, RKXHE==2—A 2012412 H 5

(5] $iAEL, RXH==2—A 201441 A%
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Koo Fr— a CBRIO B EREER N —A 7 DEE(

OMARRTERS, BFEEE (RMRT) . — AR, s — GUERFPIRBIERCR) |
AN (BRI TR FHEEM (BN KCH) RO, HRE (HEKZ)

RS

H BB I 1T 2 ZEM O RREIE. ¥ —A Y TIURIFT D, ZDTD, vr—A T EERLT e E
HHNTND, TORTHL YU F L—r g VBN, KEDLREDORUNEI N OEEZ DY —A 7
NHEEFTRETH D, AMIETIE. KB v FL—2a v AT LD EZHE LTS, KBy F
L —3 = & =% SHABAR (SHAdow-BAnd-Ranger) &, it v —& H e v —A v 7 IEFE
SLODAR (SLOpe-Detection-And-Ranging) & O [RIFBLANC & 2 JIEE O 24 PERRFE A O, ZRIBKF: - FREBi
KIXH - Tl o v FBFTCO > —A v ZRIERFBRICOWTHET 5,

1.

2.

- HEY

BT, HREIN O KRGIEELD S OJRITROARE—I2 X0 | FRRED D OSIEEA TP
L) BBOMELREICEOENEL D, TOBRORKUIL DB E L —A 7, RRUCLDE
BOKBER L2 TFL—ra Y EARFRTIIERT 5, EEREOV A MREOEIIZENLS %
BUL, ERLT 2 LNHEETH D, SHABAR (K 1 £) 1%, B2 LMRTRE S EHOE S
Pl RV FL—rva b aBT 5 RETH D, B2 b—MILoLnBNG, BITERME
ERAE CA(R) LRI D EE h IRAF L RAELOFE R A TS X, Ci(h) #EHT5Z LTy
—A VT DOEEANFRETH D, AT T L—ra v E=F2MHL, SE I L ORGERL
DOHEE, v —A VT DERALT AT AOREREAZ R E LT 5D,

AT
C2(h) OHEEIXFIZ ATST (Bl DKIST) DA M#E 7 /V—7DMERK L= “Deriving C2Z(h) from a
Scintillometer Arrary” & Hickson and Lanzetta(2004) ZZZ|ZL T\ 5, C2(h)DEHIL,

Bmﬂ=038fﬂﬁmﬂdhﬂdh ,

0

ZHWSD, ZOrE, B(r) T —EiEE r 2L oS BoOBHIE, K(hr) 1ZEE btk
Y —ERE r ITEKIF LR DBOET A THD, ETNVEBIMEIC T 4 v T 4 7 SEDHZ &I L
0 C2(h) kDD, o, VAT DOEEILELTTZY—RRIT A=y ZVD, 15 1%, Bl
WGt Z2 O r M| OLEEEOEIRM L LTRINTA—2Ths, EEE 1 . RKEAEEL T
&L, C2(h) ZMWT,

6 3 [ 3
ro(h) = 0.1846615 (sec ) 5[ f dhC2 (R]75
h
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TEEIND, LEN->T, GMERBERSHET 2 Z L TEIE, Efln 23R T2 28T
THLENRD,

3. KB SLODAR & SHABAR D[R4

SHABAR DL « it DM A MFES 5 72912 2017 4F 06 H 05 H 06:13-18:00 (JST). HATIEAR
HRF- R FBe b R TREH K SCH C SLODAR & D [RIRFBLRI 21T - 7o, BUHIKHI KIS Z BRI 27201
SHABAR % JRiEfRIZERE L 7c BRI [EE Lz (K 1 o), 1 Ak, REBHIEORTFTH D,
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2. JdEMEL Y 0.5 EET O DREEE T O KBHRALE 43K 5,

3. 1 & 2DESOSAREEE m 4% (PSFE: Point spread function) & L C. T & 453fif T 2 [alHkR
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Summary of Symposium

Timothy Castro
Summit Technical Supervisor
Subaru Telescope

The following is a report on my experience at the 37th annual Symposium on Engineering in Astronomy. |
have included key areas of interest for your review. Mahalo!

This year I was lucky enough to attend “The 37th Symposium on Engineering in
Astronomy” that took place in Kurashiki Okayama. I Attended a symposium years ago in
Matsumoto so I thought I knew what to expect from this one but it was very different but in
a good way. Although the main part of it was what I expected I was pleasantly surprised by
the addition of things like group discussions and presentations and display boards. I did my
presentation on an introduction to our top unit exchange. I gave a fifteen minute
condensed explanation on the removal process of a secondary mirror and also what safety
measures we have in place for fall protection and rescue. I Also mentioned some of the
other exchanges we do like the LLT and FEU exchanges and how much people it takes to
complete these tasks. Although I did have some comments on the actual exchange portion
itself the thing I noticed most after I was finished presenting was that I was asked more
questions related to the fall arrest and fall rescue portion than to the TUE. It seems like
more people may have an issue with just having a fall protection system in place but no
rescue plan available. I'm not sure what the working rules are in Japan but I hope the
people who were asking these questions can find helpful information to get them set up with
a fall rescue system. Next years presentation maybe?

I got to meet many new people and also see people who I worked with in the past at
Subaru at this symposium. Through group discussions I realized that they have very similar
issues and concerns that we have here at Subaru especially when dealing with other staff
members and project deadlines. I thought this symposium was very well put together and
the people who coordinated it did a fantastic job. The location of the symposium was very
nice and easy to find and was also surrounded by a town that seemed as though it was still
set in older Japan which was great for me to play tourist after our work was completed. The
first day of the symposium consisted of fifteen minute presentations done by each person
and some display boards that were available for some people to use. I was very nervous to
do my presentation because I felt the audience would not understand what it was that I was
trying to talk about but as I found out later many of the people attending spoke english and
understood me very well. As a spectator to everyone else's presentations it was a little
difficult at times to understand what was being explained do to the language barrier but
although almost all of the presentations were done in Japanese I was still able to
understand the majority of what they had to say through pictures and english captions
describing some of the slides. Once all of the presenters had finished we then had a group
discussion that ended the first day and carried on into the next. During the group
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discussion portion we all got into groups of about five or six people and discussed some of
the issues we are facing at work and what kinds of solutions we came up with to solve these
issues. We also gave each other feedback on what we thought might help each other to
solve their problems and reach their goals. That night we all went to a restaurant and had
more bonding time. I enjoyed this time because I got to talk to people I had not been able
to talk to at the symposium itself. The food was delicious and we all had lots of fun. This
experience also taught me the valuable lesson of doing leg stretches because if you sit on a
floor for long periods of time and you do not normally do this then you are in for some back
pain and leg pain. Still it was completely worth it though. The next day consisted of group
presentations in the morning to go over what we had discussed the day before during group
discussions and a special presentation by the director of the Okayama telescope and
another special presenter. After lunch we boarded a bus and took a nice scenic drive to the
Okayama observatory for a field trip. The field trip to the Okayama observatory was
amazing and it was interesting to see how their telescope functions and we were able to
compare some of the similarities and differences between this telescope and Subaru. We
got to visit both the old telescope and also the new one that is still under construction. The
new telescope was pretty much complete except for the mirror which was not attached yet.
The frame of the telescope was amazing to see because it reminded me of a Leggo type
Kinect set. It was a very simple yet genius looking design.

The trip itself was a great cultural experience and has shown me a little about where my
fellow workers come from and how they live when they’re not in Hawaii. It was nice to see
people who I worked with in the past and great to meet new people. As an employee of
Subaru telescope it is an amazing incentive to know that these business trips are available.
Being from a small town I never dreamed of going to a place like Japan but working for
Subaru has shown me this is possible. I was able to arrive a few days before the
symposium and this allowed me and my co-worker Jonah Conol a chance to see a little
more of Okayama including the Castles and the Korakuen garden. I hope this continues in
the years to come so that all the daycrew members have a chance to experience this as
well. Thanks!
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37th Symposium on Engineering in Astronomy Reflection

Jonah Conol
Summit Mechanical Technician

Subaru Telescope NAOJ

Abstract:
The following is a reflection on my experience at the 37th Symposium on Engineering in

Astronomy held on Kurashiki, Okayama.

On December 21-22, 2017 I had the opportunity to participate in the 37th Symposium on
Engineering in Astronomy which was located in Kurashiki, Japan. My presentation was a fifteen minute
presentation on the Sky Track Hoist used here on Mauna Kea at Subaru Telescope. The presentation
itself allowed me to step outside my comfort zone as everyone knows I am not a public speaker. I feel
that stepping outside my comfort zone and presenting was useful for my personal growth. Subaru
Telescope has provided me numerous opportunities in which I have been challenged to step outside of my
comfort zone and grow as an individual. Although I was nervous during my presentation, it was a great
opportunity. Many participants asked great questions following the presentation itself.

At the symposium the language barrier made communicating with other participants somewhat
difficult. I found the use of pictures as well as captions useful in breaking the language barrier. I plan on
brushing up on my Japanese for future presentations. What I found useful for me was networking with
others in the Astronomy field. At the presentation I was able to see others who I have met here in
Hawai’i at Subaru Telescope. It was interesting to see them in their various elements. Meeting various

individuals and understanding their roles in their particular jobs in the astronomy field was interesting. [
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usually only see the hands on mechanical side of the the telescope. Seeing everyone’s different role gave
me a better appreciation for everyone’s hard work. Everyone has their own role to make this job
successful.

There was a portion of the symposium where each discussed problems we each face in our
different job areas. We needed to discuss the problem as well as possible solutions to the problems. I
was able to see that in each of our job areas we encounter problems that needs brainstorming in order to
be solved. The problems were specific to each person’s role. In the end it made me realize the
importance of my role in my job. I was unable to help them solve their problems and they were unable to
help me solve the problem I discussed.

Another interesting part of the symposium was viewing of the Okayama telescope. We travelled
as a group by bus to view the telescope. For me this was interesting because I was able to see a vintage
telescope that is still functional. Although this telescope is still functional the technology is outdated and
therefore they are building a newer telescope which will be completed soon. The cool thing about the
newer telescope that is being built is that it operates similar to our telescope here at Mauna Kea, but on a
smaller scale.

I am grateful for the learning opportunity and experiences that I received by participating in the
37th Symposium on Engineering in Astronomy. I found this symposium to be very useful for my
professional growth. During the trip I was able to take personal time to view the Okayama Castle as well
as other sights in Japan. For me this was a meaningful opportunity to learn more about the Japanese
culture. I also visited Korakuen Gardens with my co-worker. I am f=grateful for this opportunity to

participate in this symposium as well as the opportunity to learn more about the culture of Japan.
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Machine Learning at JVO: from predicting computer mouse movement
under high network latency to compressing astronomical data

ZAPART Christopher
(BiIXNERXT—9tEV5—)

BE
The Japanese Virtual Observatory (JVO) ALMA WebQL service has recently been
upgraded to version 3. Its users are located all over the world. Whilst the latency of
a network connection in Mitaka is sub-1ms, the latency rises to 70ms in Shanghai,
around 125ms in Europe and probably well over 250ms in Mexico or Chile. The talk
discusses some of the challenges faced when providing a web browser-based real-
time FITS data cube preview service over high-latency low-bandwidth network
connections. In particular we focus on predicting user mouse movements with a
Kalman Filter in order to speculatively deliver the real-time spectrum data
corresponding to where the user is likely to be looking at in the near future. The
other countermeasure comes with the adoption of the efficient Better Portable
Graphics (BPG) image format, which itself is based on the HEVC video compression
standard used to compress 4k/8k video streams. Also, in preparation for future
terabyte-class FITS files from the ALMA telescope we are experimenting with
artificial neural networks for compressing FITS data cubes. The goal is to reduce
correlations across the X-Y and frequency/velocity dimensions. Another place
where we use artificial intelligence is in deciding, based on the image pixel
histogram, which tone mapping function (linear, log, sigmoid etc.) should initially
be used for presenting a FITS image in a web browser. Astronomical FITS files have
a High Dynamic Range (HDR) which needs to be converted into a 8-bit greyscale.

Choosing a reasonable tone mapping function for this conversion is not trivial.

1. Mouse movement tracking/prediction with the Kalman Filter

Please refer to E1.

2. Image tone mapping function selection

There are five tone mapping functions to select from: linear, logarithmic, logistic (sigmoid), ratio (
(1%%) and square. A simple logistic regression classifier has been employed to decide which
function should be used to preview the FITS image in a web browser. User are naturally able to

change manually from the settings menu the initial selection made by the computer. Please refer
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to 2.

3. Image Compression with Radial Basis Functions
In preparation for ALMA publicly releasing several hundred GB large FITS files we are considering
various ways of compressing the FITS data. In this example 2D image pixels are represented as a

mixture of elliptical Radial Basis Functions:
N
pizel (x,y) = bias + Z w; exp [— (ai (m — :1:6)2 + 2b; (z — :cf)) (y — yé) +¢(y— yé)zﬂ

where bias, w, a;, b, ¢, x'o, Yo are free parameters to be learnt during a training phase and N is the
number of basis functions, set to be much smaller than the number of pixels in the original 2D
image.

X 3 shows an example of image compression (reconstruction) with Radial Basis Functions. The
original FITS image consists of 1024 x 1024 float32 pixels. It has been reconstructed with 64 x 64
ellipses, achieving a large compression ratio. The image has been compressed down to about

2.3% of the original size.
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B 1: Kalman Filter.
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BJ 2: Tone mapping function selection with logistic regression.

FITS Image Compression with Radial Basis Functions
original predicted

iteration 500 / 500

B 3: Image compression: the original image is shown on the left, the image
reconstructed with Radial Basis Functions is shown on the right-hand side. Increasing
the number of elliptical basis functions will result in more accurate reconstruction at
the cost of worsened compression ratio. One needs to strike a balance between
preserving small details and reducing the image size as much as possible.
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WREBEe, IWVRIRFES, BAE R, JAJIIB2ARY, MEBRBERS, RHGMe, EEessn

PRRAZE, PHPAR BIXRXSE. ‘PREAFE. WIEAZR
BAIR-=ZA—RHR. SHEHEIBMAR. "BAREHRR

B =

RRAZABERBIFT 106cm Y1 3w FEREBIF 2016 FEZE > CHAMNBERZ. BLIREFEZE CMOS N XS Tomo-e Gozen
HEHRNETBRTOI D FERERAERITUR, REL. CNETOTARY I TETIL (PM) OBEIROYAI Y FEEIETO
BRAESTTORR - AEROENBEUERT, 84 BYHEEHODIILETIL (FM) BEICEITTEEMEATIND, FM DIFEINE
RIFERADERD 4 DEIINTHD., BERIVUIBAXASELTERTEDRCETH D, ZNEHEERBE CHEASHEDCET. BN
[C¥8E% 20 L FIED Tomo-e Gozen DT T D, HHMANIHEL T, ARERUZHIDHBUICKDERDEEIL - DV/IXD MMehEanT
U\ Bt BIROMEII. T 1LY —BOMEHFAHDED/N\NY RV TORIBEEEBBUREP AT 1 PHRORAFNTIND, L2t
VHICKDAEZBRREXIEDED, BIERIELERETIVEBNERARRETON. S E@EBAR)ERI VI D FEARETLMBCE
THERN'TEE THD T EEWRUIE, SBIC PM TEEBRSNEZEY1IY FERBD 3 RThBERBEBIRT IEHOE Y UEICIR
Y UEIROB S HEIE (Height Adjustment Plate : HAP) AIR—2 7L — D 3 RITBIE DR EECRFINTZ 2017 & 10 BICIX
4 Y —EHORKHBEETI/L (Q0: Q series type-zero) &Y 13w FERBCEUTIT, MR ET o2, ERICKADISIZ AL
M UCHER, MAmBIERET - RIFICRIERNC ENRREING, BNICE YT —DSRET DRIBRZFEANRL—XITHREN
TN BICILD FOZORDSDEDDEDRENT EHNDD oz, RRETORBRER CIIERE S TENBTHBNTHDN.
BHEBACK O TCISITEELREMZDCENTE, FM [CTITTORIEEERRPTHD,

1. Tomo-e Gozen&Id ?

Tomo-e[IRRAFEASERAFT105cmY 1 I v FERBOERBFE84F v TDEREBCMOSZ T —THEL), 20H]5
EOREFZIINIU—ATERRHARB TETDIBLRBSRNASTHD. @R CIHEHZEENT DRIEDLEET -1 &E
BREHNELTNS, BLSNd VY —([dCanonBDCMOSEZY Y —T, BEDENFEEEHE TIICCDICILET DIE/
AERRT D, ANZTIIEHEZR D> TNDEZ - AHDEHDEROIUEZNCH. KKFBEEDEIRBEICTD
CEDTED,

%1 : Tomo-e Gozen DIL#Hx

x K
H1 =X 600 (W) x 500 (L) x 200 (H) mm
g8 ~50kg (REDH). ~80kg (TLFEZSE)
Canon CMOS 2y Y —
Y —# 84 1@
R Bl R VAV o 2160 x 1200 (total), 2000 x 1128 (photosensitive)
EOvIT1 X/ RT—=)U 19 um/pix, 1.19 arcsec/pix
T2 (D) 4.9 MB/frame/chip, 3.8 GB (100 frames, 8 chips)
JU—AL—F 0.5 sec/frame
F—=DANLV 1e- (~18C)
005 (typical) 0.5 sec (ML), 0.05 sec (512x 512 5FHEL)
TEVRIR RIS A = 400~650 nm
1)L — AN
2 E&
BEE=E BRAEARSEAPT 106cm ¥ a2 I v FBEEE
SEUIv 8 deg
V=IO X 4 arcsec

2. Tomo-e PMH'S5 FM A

CNET8 YT —EHD Tomo-e/PM ZEIEL., MEEFLMGEEZTT > TE/Z, CNIZ Tomo-e MILAMISRIETH D,
BIRED I T REEDCUIZENDTHD. PM Tld, BERMIADEHZLRIZHEROFINCHIED DHE (SIHE
FBj8 : Height Adjustment Plate : HAP) ZIRFB L. ZDOBIMMENHERENR TR SN TLVD, Tomo-e Gozen Q series &
FM84 F v JEEHERELULERIZETILTHD. BERNSZHEBATIR - RIEODI YT~ (HAPRE) [F PM ZREELT

SOHICRREZEREULCERIBEC VY —D 1 —REHREELULE.
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EPTIEL-2umORZETIRE > TV S, B4 DHAPDBETHET D,
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Group Discussion 1
Let's share it with everyone!
Daily work and improvement plans

S. Tazawa, J. Conol, T. Castro, T. Yasui,
T. Takada, T. Ozawa, N. Hirata, K. Hirano

Issue and Solution (1)

* [ssue

* Since | have a lot of work, | am confused as to which
work to start.

* Solution
* It was solved by “Moscow method” prioritization.
* Priority: (high) Must > Should > Could > Won't (low)

* Opinions
* There is also a way to decide on the deadline.

* Postponed issues may not end indefinitely.

* Author of Draemon said “Don't do now what you can do
tomorrow”.

Issue and Solution (2)

* Issue
* There is an LGR that needs to be replaced in the main
shutter, it is necessary to deal with limited materials at a
narrow place.
* Solutions
* | can not solve it, | am in trouble.
* Opinions
* How about renewing the main shutter?
* How about trying to respond by jacking up?

Issue and Solution (3)

* Issue
* When unexpected job occurred, how should we
respond? Budget and people will decrease but work will
increase.
* Solutions
* Automate by PC or macro, or increase people.
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Issue and Solution (4)

* Issue
* |1 would like to share computer usage status and system
operation information within the group.
* Solution
* Introducing a system to share information on the server.
* Opinions
* How about using a wiki page?
* Wiki sometimes makes it difficult to organize information.
* Face to face is the best, but time is limited.
* Use the issue tracker. How about JIRA?
* Sometimes the license is limited.
* Redmine is licensed free.

Issue and Solution (5)

* Issue
* | would like to know the number of articles written by
users, who is using a shared use computer, but I'm in
trouble because | can not get usage information from
users.
* Solution
* There is an option to ask all user.
* Opinions
* Can you track it according to usage history?

Issue and Solution (6)

* Issue
* In the ordering work of parts, forget the mail of "ordered” or
specify a destination “to Mitaka”
* Solution
* No matter how busy | do as a series of work

* Opinions
* |t is important to not make it your own information
* Create a checklist that lists a series of flows
* Make an accounting system and always place orders via it
* Automate what everyone does the same work
* Use tools such as Cybozu and JIRA

Issue and Solution (7)

* Issue
* Share daily remedial measures

* Solution
* Write improvement measures in the weekly report shared in
the team every week
* Opinion
* E-mail sharing with Subaru (Daily, Weekly)

* Sharing by e-mail can only be seen by a limited number of
people, so it is better to use Wiki etc.

* Once you create a Wiki page format, you can copy it next
time so convenient

* | am doing Subaru, but at the same time it is up to wiki
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Issue and Solution (8)

* Issue
* What to buy a gift for my fiancée for Christmas

* Solution
* Search by airport
* Opinion
* It is better to have a store in Kurashiki introduced

Issue and Solution (everyone)

* |[ssue
* How to avoid human errors.

* Solution
* Share information.
* Use checklist to be able to remind.
* Use some system to send reminder mail.
* Paste Post-it on the display.
* Morning briefing.
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Schematic ASKAP Data Flow
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