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TASS -2019-01 (Invited Talk1)

Application of Deep Learning to Astronomical Data

S

Ao

School of Space Research, Kyung Hee University

Multi-wavelength observations become very popular in astronomy. Even though there are some
correlations among different sensor images, it is not easy to translate from one to the other one. In this
study we review our recent progress of the application of deep learning to astronomical data. We apply
a deep learning method for image—to—image translation, based on conditional generative adversarial
networks (cGANSs), to astronomical images. To examine the validity of the method for scientific data,
we consider the following applications: (1) Generation of solar UV images from magnetograms, (2)
Generation of solar magnetorgams and UV images from historical sunspot drawings, (3) Generation of
high resolution magnetograms from Ca II images, (4) Generation of nightside visible images from IR
ones, (5) Generation of future magnetograms from past ones, (6) Generation of denoised
magnetograms, and (7) Generation of denoised SDSS images. It is very impressive that Al-generated
ones are quite consistent with actual ones. In addition, we apply the convolution neural network to the
forecast of solar flares and find that our method is better than the conventional method. Our study
also shows that the forecast of major solar flare profiles using Long and Short Term Memory method
is much better than that of the autoregressive method. We will discuss several applications of these

methodologies for scientific research.
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IASS-2019-03

Gemini Instruments and Instrumentation Program

Narae Hwang

Korea Astronomy and Space Science Institute

The Gemini Observatory is being operated by Association of Universities for Research in Astronomy
(AURA) on behalf of the International Partnership that includes Argentina, Brazil, Canada, Chile,
United States, and Korea. The Gemini has two 8.1m telescopes, one at Mauna Kea, Hawaii in US and
the other at Cerro Pachon in Chile, providing the entire sky coverage with at least more than three
science instruments that can be switched during the night. In this talk, T will introduce the current
status and future plan for Gemini science instruments and multiple instrumentation programs that

Korean community can participate for the purpose of technological and scientific development.
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IASS -2019-04

Development of GMT Near—Infrared Spectrograph (GMTNIRS)
and its Early Application to
Magellan 6.5—-m Telescope

Sungho Lee, Sanghyuk Kim, Chan Park, In-Soo Yuk, Moo—Young Chun,
Yunjong Kim, Ueejeong Jeong, Young Sam Y, Jeong—Yeol Han, Jae Sok Oh,
Chang—Hee Kim, Jeong—Gyun Jang

Korea Astronomy and Space Science Institute

The Optical Astronomical Technology Group at the Korea Astronomy and Space Science Institute
(KASI) is making important contribution to the development of the Giant Magellan Telescope (GMT)
including two of the first generation GMT instruments; the GMT—-Consortium Large Earth Finder (G-
CLEF) and GMT Near-Infrared Spectrograph (GMTNIRS). GMTNIRS covers all ground-accessible
spectral bands from 1.12 to 5.3 zm with R=50,000 (1.12-2.5 gzm) and R=90,000 (3-5.5 xm).
GMTNIRS is fed by the GMT Adaptive Optics (AO) system and has a single 85 milli—arcsecond slit.
This instrument is composed of five separate spectrograph subsystems for the different atmospheric
windows. By use of dichroic mirrors, it observes the entire spectral grasp in a single exposure mode
without using a cryogenic moving component for band selection. While the GMT AO functionality is
developed, GMTNIRS will be designed and built early and optimized at the 6.5-m Magellan telescope.
This early version of GMTNIRS will be implemented with Magellan—optimized optical bench and
cryostat. KASI is working together with the University of Texas at Austin for GMTNIRS and its

Magellan application.
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IASS -2019-05

G-CLEF Flexure Control Camera

Jae Sok Oh!, Chan Park!, Kang-Min Kim', Moo—Young Chun’, Young Sam Yu',
Sungho Lee!, Jihun Kim', Ueejeong Jeong', Yunjong Kim', Alan Uomoto?,
Andrew Szentgyorgyi®, Ian Evans® Jeffrey Crane?, Mark Mueller®, Stuart McMuldroch?,
Tyson Hare?, William Podgorski®

'Korea Astronomy and Space Science Institute (KASI)
?Observatory of the Carnegie Institute of Washington, USA
*Harvard-Smithsonian Center for Astrophysics, USA

The GMT-Consortium Large Earth Finder (G-CLEF) is the first instrument for the Giant Magellan
Telescope (GMT). The G-CLEF is a fiber feed, optical band echelle spectrograph that is capable of
extremely precise radial velocity measurement. The G-CLEF Flexure Control Camera (FCC) is
included as a part in the G-CLEF Front End Assembly (GCFEA), which monitors the field images
focused on a fiber mirror to control the flexure and the focus errors within the GCFEA. FCC consists
of an optical bench on which five optical components are installed. The order of the optical train is: a
collimator, neutral density filters, a focus analyzer, a reimager and a detector (Andor camera). The
collimator consists of a triplet lens and receives the beam reflected by a fiber mirror. The neutral
density filters are located just after the collimator to make it possible a broad range star brightness as a
target or a guide. The focus analyzer is positioned at a pupil produced by the collimator and is used to
measure a focus offset. The filters and focus analyzer are contained in a filter—wheel assembly and
rotated by a servomotor. The reimager consists of two pairs of doublet lenses to focus the beam onto
the CCD focal plane of the detector. The detector module housing Andor Camera includes a linear
translator and a field de-rotator. In this article, we present the athermal lens mount applied to the
collimator and the reimager. We also suggest the employment of the LM guides as a solution to the
surface warping resulted from the CTE mismatch between the optical bench and G—CLEF instrument
platform (GCIP).

Program Book of the IASS Workshop 2019 17



IASS -2019-06

Alignment of Schwarzchild—Chang Off—Axis Telescope Verified
by Shack—Hartmann Test

Sunwoo Lee', Woojin Park’, Seunghyuk Chang?, Sanghyuk Kim?,
Yunjong Kim’, Soojong Pak'

!School of Space Research and Institute of Natural Science, Kyung Hee University
Center for Integrated Smart Sensors, Korea Advanced Institute of Science and Technology
*Optical Astronomical Technology Group, Korea Astronomy and Space Science Institute

The Schwarzchild-Chang two mirror off—axis telescope is a linear astigmatism free confocal optical
system. We performed 3D coordinate measuring machine (CMM) measurement to analyze the tilt and
offset of the mirrors. We re—optimized mirror position based on the CMM measurement data. In this
paper, we present the alignment results with the Shack—Hartmann test. Also, the point spread function
test using collimated beam is measured. Moreover, simulations to predict experimental results of the
re—optimization are compared to the test results. From the comparison, we can verify the advancement

of the alignment of the Schwarzchild—Chang optical system.
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IASS -2019-09

Plan for Network of Small Telescopes in Korea

Myungshin Im', Yonggi Kim? Wonseok Kang®, Hyun—II Sung*, Hyunjin Shim®,
Chung-Uk Lee*, Heewon Lee®, Yo—Na Yoon?

'Korea Astronomy and Space Science Institute
?Chungbuk National University
*National Youth Space Center
‘Korea Astronomy and Space Science Institute
’Kyungpook National University
Sejong University

Small telescopes, telescopes with the primary mirror sizes around 1m, are still very valuable research
facilities. Due to easy access, such telescopes can be very valuable for follow—up or discovery of
transients, and small bodies of the solar system, and the long—term monitoring of time variable objects
such as active galactic nuclei and binary stars. Today, there are many small telescopes owned by
Korean institutes that can be used for many competitive research projects. However, except for a few
of them, these small telescopes are not much used for research activities due to lack of organization
and proper support for the maintenance. One way to dramatically improve the situation is to form a
network of these telescopes and link the facilities and users for a more efficient use of the facilities. In
order to maximize the scientific return from these small Korean telescope, the division of the optical
astronomy of the Korean Astronomical Society has started a feasibility study for constructing a
network of small telescopes that can be used provide a basis for collaborative research among users of
small telescopes and help improve education activities using Korean telescopes. In this talk, we outline

our plan of the feasibility study and strawman proposal for the small telescope network.
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TASS -2019-10 (Invited Talk4)

Astronomical Instrumentation; Reflections
on (Often Painful) Lessons Learned

Chris Packham

University of Texas at San Antonio & National Astronomical Observatory of Japan

As primary mirrors of telescopes increase in size leading to a r? increase in photon collection power, it
is trivial to argue that instrument complexity has easily increased in sympathy. As we move into the
30m era of instrumentation, by drawing on experiences from instruments and observatories I have been
involved with over the last ~25 years, I reflect on some of the often—painful lessons that I have learned

(or plan to learn).
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TASS -2019-11 (Invited Talk5)

Development of a GPU spectrometer
for a radio telescope

Jongsoo Kim

Korea Astronomy and Space Science Institute (KASI)

A GPU spectrometer for the Korean VLBI Network and the ALMA Total Power Array has been
developed. A radio telescope generates huge amount of data. For example, one ALMA antenna
generates 32 Giga samples per second. Due to the rapid performance improvement of GPU technology,
it was possible to process data from a radio telescope based on GPU technology only a few years ago.
There are four steps to get a power spectrum from time series data: (1) data transfer from CPU
memory to GPU memory, (2) data conversion from 2 bits (or 3 bits) to 32 bits, (3) FFT (Fast Fourier
Transform) and (4) multiplication and accumulation. I will show the performance of a GPU on each of
the steps. Successful test observations have been done using the KVN and Nobeyama 45m radio

telescopes.

Program Book of the IASS Workshop 2019 23



[ASS -2019-12

SH

)

‘o
vl

_"

£ IGRINS

ﬂ.o
l

Q
o

|

Aay

1

LUARE L ol AlE

5

14

o T
| AR
&

ol '

— ~

2 1.45~2.5 w7}

e

2t
Jolct. 2014 &

=5

2 7t IGRINS 23

Il 0O
o —

o

Pat71 58 2018 |

)

A 2LHEY 4.3m DCT
d 24 8.1m EZ& Any

=

ks

Lz
i =

il

S

2018 @

IGRINS

5

AF
Al

AL A

AEA

tod

5

A7

Ark 2
= A

A =] o]

A5t s

Al

o

<l et

Z
S|

P A wgelH RYEE eHe BARES 24

%35

71AA 54

gt

ol 271

S

of

s
HO
T

9

+

1

24  Abstract



IASS -2019-13

ARAA E442Y ARA LD AL

Y4 NS e S G, JPD 0, aTF, YA
1R AEAT
3s}7) & Ao sh Ay ok
'Sy Fe
g
27 4ol el

et SHATGRUMI, 1438 W FIo] ARG AFEAAZ doFe] LS EFskT U)ol
AL, QAo TR ADe] ok ARAP(AZS FeFE AWEL FEIHE WRTEES
Bast £AZRE SA0KE)O 8] WA B 5L Agste] Mt Aol 4407 4491,
Z%0 ARTY AYE, WA 12 A% 12 4 SIS s Azl wkek 2ol Gtk 4t el A
4 ST a8e BEAY 4 4lo] SART AT ARt AR TshE AMI(HR)TH
%578 st RAS] qlo] A7 LelEch BANAL 12 487t S AluE S BA oA
2ot 1241 gee Qb Qo 23] 8l Felo] 7k Wik LA HaiAl, 2 AgSel
25 a4 e4ge 2u %%m,ﬂa-4aaﬂ Hﬂ &, AYEEY FHo A,
AN 5 AT FAGRO TLL HRAZME, AEDAA A Hh ek
498 1 S GEALE 5, 1998 $oI99) BAANA Ak ek, Sel o
Age Bgstel SRR FAGHN, Aot ) B AW AAD, AFE ARH 245
29E AR BYo R ARYT o5 RG-S THle] B A AA QA FALE BUDL S
o] A7 msd&zﬁw1@ﬁ%ﬁ%ﬂﬂ@gioﬁwﬁuw+4§%q%@%ﬂ5ﬁ4ﬂmﬁﬂq
2] Q& drop P& Q-5 (FAHE : No. 2016M3C1B4906217).

Program Book of the IASS Workshop 2019 25



[ASS -2019-14

Development of Squeezed Light Source in Vacuum State for
Gravitational Wave Detector

Chang—Hee Kim!, Sungho Lee!, Yungjong Kim?, Jaewan Kim?,
Haesik Min?, Young-Sik Ra®

'Korea Astronomy and Space Science Institute (KASI)
*Myongji University
“Korea Advanced Institute of Science and Technology (KAIST)

During the recent years the international network of gravitational wave (GW) detectors are
commissioned and LIGO* made a historic detection of GW on 14 September 2015. Although current
GW observatories reached astrophysically interesting sensitivity level, extensive upgrades aimed for
next decades are bringing us into the era of GW astronomy. One approach to enhance the detector
sensitivity is the injection of squeezed vacuum state of light replacing the vacuum fluctuation entering
into the detector through its antisymmetric port.

In this talk we introduce our ongoing experimental development to realize squeezed vacuum states of
light for the GW application, led by KASI. Also a plan for next long—term project, including the

development of broadband squeezing techniques below SQL** limit, is presented.

*: Laser Interferometer Gravitational-Wave Observatory

**: Standard Quantum Limit
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Network of telescopes for electromagnetic—wave counterparts
of gravitational-wave sources

Gregory SungHak Paek, Myungshin Im, and SNU GW EM follow—up team

CEOU, Astronomy program, Department of Physics and Astronomy,
Seoul National University, Republic of Korea

Recent observation of the neutron star merger event, GW170817, through both gravitational wave
(GW) and electromagnetic wave (EM) observations opened a new way of exploring the universe,
namely, multi-messenger astronomy (MMA). One of the keys to the success of MMA is a rapid
identification of EM counterpart.

We will introduce the strategy for prioritization of GW source host galaxy candidates. Our method
relies on recent simulation results regarding plausible properties of GW source host galaxies and the
low latency localization map from LIGO/Virgo. We will show the test results for both NS merger and
BH merger events using previous events and describe observing strategy with our facilities for GW
events during the ongoing LIGO/Virgo O3 run. Finally, we report the result of follow—up observation

on, the first neutron star merger event, S190425z, during LIGO/Virgo O3 run.
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The Prospect of Adaptive Optics Instruments for 1-m class
Telescopes of Korean Astronomical Community

Ji Hoon Kim, Soonchang Park, Seonghyeon Song

Metaspace

In the era of extremely large telescopes, adaptive optics (AO) is a fundamental
technology to maximize their scientific capability while taking advantage of their large
aperture sizes. In general, the studies which require a high angular resolution, such as
exoplanet, or high redshift galaxy research, are the popular fields using AO
instruments of the 10—m class telescopes at the moment. However, AO instruments
for smaller telescopes become more of reality thanks to the advancement of
technology. With this study, we review the current status of AO instruments and their
components for 1—m class telescopes and discuss possible scientific projects suitable

for those telescopes within Korean astronomical community.
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Status of 1-m Telescope at Seoul National University
Astronomical Observatory (SAO) in 2019

Gu Lim"?, Myungshin Im'?, Jinguk Seo? Kihyun Kim?

Masateru Ishiguro?, Yoonsoo P. Bach?

'Center for the Exploration of the Origin of the Universe (CEOU)
?Department of Physics and Astronomy, Seoul National University

A 1-m telescope has been operated more than a year after its installation at Seoul national university
Astronomical Observatory (SAO). In this talk, we introduce characteristics of the telescope,
instruments, and a current observing status. We measured limiting magnitudes, seeing values, and point
spread functions (PSFs) based on sample images taken from 4096x4096 CCD imager (Field of view of
21.2'x21.2’). We present ongoing scientific topics using the telescope such as a transient survey,
follow—up observation for electromagnetic counterparts of gravitational-wave sources, and minor
objects in the solar system. These various topics suggest that SAO has a lot of potential to conduct

observational studies under poor sky conditions in Seoul.
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Development of the SNU Coelostat: Prototype Design

Juhyung Kang', Jongchul Chae!, Hannah Kwak!, Heesu Yang?

'Seoul National University
“Korea Astronomy and Space Science Institute

A coelostat is used for imaging and spectroscopic observation of the Sun because it makes an
irrotational solar image. For the educational purpose, we plan to develop the Seoul National University
Coelostat (SNUC). The SNUC is the compact slope type coelostat which has a 45 cm primary plane
mirror and a 39 ¢cm secondary plane mirror. The primary mirror set is fixed at the east side, then we
can observe the Sun all day at the summer and more than three hours at the winter season. The
prototype of the primary part of this consists of a 20 cm mirror, a 1 m slope rail, a direct drive motor,
a ballscrew and etc. We plan to make a control system and test the accuracy of this prototype until this

year. After testing, the SNUC will be manufactured by 2020.
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Optical Performance Measurement of the Swedish
Atmospheric—Research Microsatellite, the MATS satellite

Woojin Park!, Arvid Hammar?, Soojong Pak!, Seunghyuk Chang®, Jorg Gumbel*

'Kyung Hee University
?Omnisys Instrument AB
*Korea Advanced Institute of Science and Technology (KAIST)
*Stockholm University

The Mesospheric Airglow/Aerosol Tomography Spectroscopy (MATS) satellite is a Swedish
atmosphericresearch microsatellite. It will be launched in November 2019 into the sun—synchronous
orbit at the altitude of 585 km. The limb telescope, the main optical system of the satellite, observes the
gravity wave in altitude 70-110 km. Six narrowband channels, 2 UV and 4 IR, observe noctilucent
clouds and O2 atmospheric band in the wavelength range of 270 — 772 nm. We designed optics based
on the off—axis confocal reflective system, with which the linear astigmatism is removed at wide field
of view (5.67° x0.91° ). The freeform aluminum mirrors are fabricated by a single point diamond
turning machine. This is the first optical system that shows the feasibility of building a linear
astigmatism free system. Optical performances are evaluated with the point source, the USAF target,
and MTF measurement. We will present the final optical performance measurement and some

characterization results.
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Development of KAOS
(KHU Automatic Observing Software)

Hye—In Lee!, Tae—Geun Ji', Jimin Han? Changgon Kim? Hojae Ahn?, Soojong Pak'?,
Myungshin Im?

!School of Space Research, Kyung Hee University
“Department of Astronomy & Space Science, Kyung Hee University
SCEOU/Department of Physics and Astronomy, Seoul National University

The Kyung Hee University Automatic Observing Software (KAOS) is an all-in—one software system,
which controls a camera, a filter wheel, an auto—focusing system, an auto—guiding system, a telescope,
and a dome. It also monitors the environmental conditions for remote and robotic observations. The
whole software is designed and developed based on software engineering method, i.e., Agile software
process and model-based design. We are applying the KAOS to various small size telescopes, e.g., the
McDonald Observatory 30 inch telescope (KAOS30), the Kyung Hee Astronomy Observatory 76 ¢cm
and 40 cm telescopes (KAOS76 and KAOS40), and a 10 cm telescope (KAOS10). In this talk, we show

the development process and progress of the KAOS.
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The Fast Imaging Solar Spectrograph
and Its Upgrade Plan

Jongchul Chae!, Jugyung Kang', Heesu Yang?

!Seoul National University
“Korea Astronomy and Space Science Institute

The Fast Imaging Solar Spectrograph (FISS) is a dual-band imaging Echelle spectrograph installed in
2010 in the Coude room of the 1.6 meter Goode Solar Telescope (GST) of Big Bear Solar Observatory.
Normally it records the Ha band and the Ca II 8542 band of about 1 nm width simultaneously using
two cameras. The order is selected by the interference filter attached at the front of each camera. The
imaging is done based on the fast slit scan. The 100-step scan covers a 16~ width field of view, and
takes 16 s. The imaging quality is mostly determined by the seeing condition and the performance of
adaptive optics. The acquired data contain spectral, spatial and temporal information of several
spectral lines formed at different layers of the solar atmosphere. We find that the FISS data are very
useful for the investigation of MHD waves in the solar atmosphere. We plan to upgrade the FISS by
replacing the current two cameras by the new three cameras, and introducing a few dichroic beam
splitters. The FISS2 will become a multi-band imaging spectrograph with a wider spectral coverage

and a longer field of view.
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Balloon test of LEO-DOS payload for the NEXTSat—2

Bongkon Moon', Ukwon Nam', Won~-Ki Park!, Jeong—~Hyun Pyo', Jeong—A Hwang',

Jae—Jin Lee', Jong—Dae Son', Sung—Hwan Kim? Seong—]Jun Ye’

"Korea Astronomy and Space Science Institute
?Cheongju University

3Seoul University

The Korea Astronomy and Space Science Institute is developing a low—Earth orbit space radiation dosimeter
(LEO-DOS) for the science payload of NEXTSat-2, which will be launched around 2021. The scientific
missions of LEO-DOS payload are to create a global map of charged particles and neutron equivalent doses on
orbit, to study the cosmic radiation environment based on the measurement data, to study cosmic radiation
changes in the solar activity minimum, and to verify the human impact weight by energetic neutrons. All
structures and detectors of LEO-DOS are being developed with domestic technology. Currently EQM design
was finished by using DM test results and by the structural and thermal analysis. EQM detectors and housing
structure were fabricated and assembled by controlling the space quality. We are now preparing the balloon test
to precheck the performance of the LEO-DOS payload and to measure the altitude profile of space radiation in
the atmosphere and the stratosphere. In this talk, we will present the readiness status for the balloon test. This
work is supported by the NEXTSat—=2 LEO-DOS project from the Ministry of Science and ICT (MSIT)
and Satellite Technology Research Center (SaTReC) of Korea (NRF-2017M1A3A4A01077173).
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Our company consists of a research
institute, a production engineering
team, a purchasing control team, and a
quality control team

Performing entire processes of fabricating
precision parts including design,
modeling, machining, measurement,
automatic control and assembly with the

Participating in government tasks and
registering number of patents through
R&D with government agencies

skilled technical workforce

External size

1 1.6m(W) x 1.6m(D) x 2m(H)
Internal size

1 0.3mW) x 0.3m(D) x 0.3m(H)
Temperature: -100°C ~ +80°C
Tolerance: +1°C

Adjustment rate: 1°C/min
Vacuum: 9.0 x 10-6 torr (3hour)
Cooling : Mixed refrigerant

- Optics Housing

- IR Camera

- Diagnostics Device
- Blackbody Box

- Adapter

Visible Camera
F/#:4.0

FOV : 30° diag.

EFL : 5.4mm

MTF : >0.2@160 Ip/mm

CHHBHA S+ tet= 32 80
TEL : +82. 42. 321. 3783

E-Mail : yoonseul@yoonseul.com
www.yoonseul.com

Precision Machining Technology Solution
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