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IASS -2021-02 (Invited Talk 1)

Instrumentation Suite for Maunakea Spectroscopic Explorer

Alexis Hill

Maunakea Spectroscopic Explorer
National Research Council of Canada/Herzberg Astronomy and Astrophysics

Maunakea Spectroscopic Explorer (MSE) is an upgrade of the existing 3.6—-m Canada France Hawaii
Telescope (CFHT) to an 11.25—-m segmented primary mirror with a 1.5 square degrees field—of-view
at the telescope’s prime focus. MSE will observe 4,332 astronomical targets in every pointing using
individually positioned fiber optics to pick up the light in the field of view and transmit it to a bank of
low/moderate (R=3,000/6,000) resolution spectrographs in optical to near—infrared wavelengths and a
bank of high (R=30,000) resolution spectrographs in optical wavelengths. Piezo actuators have been
selected to position the fibers and are compact enough to enable simultaneous full field coverage for
both resolution modes. A calibration system will ensure stable and repeatable results. With this unique,
dedicated instrument suite, MSE will collect a massive amount of data: millions of spectra every month.
During the Conceptual Design Phase for this instrumentation, it was recognized that the spectrographs
would be challenging to build and that calibration would require careful planning. For example, the
low/moderate resolution spectrographs include optical and NIR combined arms, necessitating cooling
of each spectrograph. As well, the high resolution spectrographs include a grating with a line density
and size that has not previously been manufactured. MSE has been conducting studies and exploring
design options and configurations to address these challenges. Also, science teams were consulted, with
the result being re—evaluation (and relaxation) of some Science Requirements. At this time, the
spectrograph design teams have proposed alternative designs to meet the science requirements. MSE’s
Instrumentation Suite will be presented, including comparisons of the baseline versus alternative

spectrograph designs and the latest considerations for calibration.
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IASS -2021-04

A Progress Report on the Development of Multi—Object
Spectrographs for the All-sky Spectroscopic Survey of
Nearby Galaxies

Ho Seong Hwang'?, Jae—Woo Kim', Young-Man Choi’, Moo Young Chun',
Sang—Hyun Chun? Haeun Chung*, Sungwook E. Hong', Donghui Jeong™®,
Ueejeong Jeong?, Kang—Min Kim? Donggok Kim?, Yunjong Kim',
Jongwan Ko', Chung-Uk Lee!, Ho—Gyu Lee!, Jong Chul Lee', Sungho Lee’,
Yongseok Lee!, Hyun—-Ho Lim’, Heeyoung Oh', Chan Park', Changbom Park®,
Junsup Shim®, Hyunmi Song’, Yongmin Yoon®
"Korea Astronomy and Space Science Institute, “ Seoul National University,

® Ajou University, * University of Arizona, ° Pennsylvania State University,
® Korea Institute for Advanced Study, ’ Yonsei University

We present a progress report on the development of multi—object spectrographs for the all-sky

spectroscopic survey of nearby galaxies. The survey is to construct a complete spectroscopic sample of

galaxies with KS<13.75 in the local universe where the contribution of dark energy to the energy

budget of the universe is expected to be the maximum. To conduct the survey, we started a project

developing multi—object spectrographs for two 1-2 m class telescopes in northern and southern

hemispheres. Here we introduce the current status of the design and development of the spectroscopic

system focusing on the KMTNet telescope, which includes fiber positioners, mounting plates, wide—

field correctors, fiber view camera, and guiding/focusing modules.
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IASS -2021-05 (Invited Talk 2)

System Engineering for Space Mission

Yunjin Kim

In this presentation, we will discuss the system engineering approach for a space mission. It includes
the requirement development, trade studies, verification and validation, technical resources
management, risk management, and fault management. The objective of system engineering is to design,
build, and operate a space system in the most cost—effective manner with an acceptable risk. The
effectiveness of the system engineering approach is demonstrated using several examples. The system
engineering approach must be tailored for each space mission. In order to avoid the burden of a
document—centric process, a model-based systems engineering approach is described. The systems
engineering architecture can be constructed using a set of interconnected models using the model-
based system engineering. The impact of any technical changes can be assessed efficiently using the

model-based approach.
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IASS -2021-06

Performance and Application of the Radio Telescope of

Gwacheon National Science Museum
(FTATehE AT EE 45T TL)

Jaeil Cho', Jung—Hoon Kim?, Ji-Hye Lee?, Myunghee Han'

'Gwacheon National Science Museum
SETsystem, Inc.

Gwacheon National Science Museum(GNSM) has a 7.2m radio telescope, which is only one possessed
by a science museum in Korea. In 2020, performance of the telescope had been upgraded in the way of
a new antenna control system, receiver system, control and analysis software. New AC motors, limiters
and encoders were installed and the new receive system can observe L-band(1.4GHz) and S-
band(2.8GHz). Using theses upgraded system we have developed educational programs, which are
‘The Sun seen in radio’ and ‘The Universe seen in radio’. In the former, the sun is observed with several
methods to show analyzed data to participants. In the latter, HI gas, 21cm line, is observed. In addition,
results of survey conducted to participants were discussed. Finally, we plan to receive an observation

proposal from students and allocate time.
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IASS-2021-08

SPECTR: EFAHEY HZ-2 oI5 Bz

A 20 o] A7 HESHY #HES Tl 5 diFE Hol YAF o] EAlst: ALz FRIEIT o]
22 ARG BEAZE A EAL 5 YA AT &+ = FH F shivt A7 E B d
2~HEY S E45He Bolth. SPECTR £ 1.8m HIAAFAFE 0|85t o @ AAYG FrHsts
u|-¢ FA5HA ZA335H7] HAEsHA AZFE At Slit assembly, collimator, VPHG, imaging lens, CCD 2
T/ % SPECTR %+ Cassegrain Interface Module ol 7tE 2] A] ez £4A4 & - &5 4+ glor &3l 0]
1002 AA A= Hlu g B Al #5F 4 ot FA SPECTR &= AlZto] 79 gha o
FTHAY AR 2 25 ot dA o YUtk

22 Abstract



IASS -2021-09

IMSNG Science Data System: Data Reduction Pipeline gppy

Gregory S.H. Paek'?, Myungshin Im'?, Seo-won Chang'?, Changsu Choi'?,
Gu Lim', Sophia Kim'?, Mankeun Jung'?, Sungyong Hwang'?,
Joonho Kim"?, Hyun~—il Sung®, and IMSNG team'?

Astronomy Program, Department of Physics & Astronomy, Seoul National University,
1 Gwanak-ro, Gwanak—gu, Seoul 08826, Korea
*SNU Astronomical Research Center, Seoul National University,
1 Gwanak-ro, Gwanak—gu, Seoul 08826, Korea
®*Korea Astronomy and Space Science Institute,
776 Daedeokdae—ro, Yuseong—gu, Daejeon 34005, Korea

Although the era of very large telescopes has come, small telescopes still have advantages for fast
follow—up and long—term monitoring observation. Intensive monitoring survey of nearby galaxies
(IMSNG) aims to understand the nature of the supernovae (SNe) by catching the early light curve from
them with the network of small telescopes from 0.4—m to 1.0-m all around the world. To achieve the
scientific goals with different facilities, three factors are important. First, automatic processes as soon as
data is uploaded will increase efficiency and shorten the time. Second, searching for transients is
necessary to deal with newly emerged transients for fast follow—up observation. Finally, the Integrated
process for different telescopes gives a consistent output, which will eventually make connections with
the database easy. Here, we introduce the integrated pipeline, ‘gppy’ based on Python, for nearly 10
different facilities having various configurations and its performance. Processes consist of image pre—
process, photometry, image align, image combine , photometry, and transient search. The future work
will be suggested to improve the performance and usability on the other projects, gravitational wave
electromagnetic wave counterpart in Korea Observatory (GECKO), and small telescope network of

Korea (SOMANGNET). The next speaker will show the connection between pipeline and database.
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IASS -2021-10

IMSNG Science Portal for Rapid Follow—up of Transients

Seo—Won Chang'?, Gregory S. H Paek, Gu Lim, Sophia Kim, and Myungshin Im

ISNU Astronomy Research Center, Seoul National University
?Astronomy Program, Department of Physics & Astronomy, Seoul National University

We describe the IMSNG science portal that allows to ingest data streams from a diversity of telescopes,
identify potential transient candidates, enable rapid follow—up observations and generate summary
statistics on survey progress and complementary information. All processed data is aggregated in near
real-time and pushed into the science portal based on the Django web framework. This portal was
developed in the context the IMSNG to support the discovery of early supernova emission. Here, we

introduce its architecture and current status including real-world examples.
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IASS -2021-11 (Invited Talk 3)

Using modern DevOps tools for astronomical software

development in the Sloan Digital Sky Survey

José Sanchez—Gallego

"In the era of large astronomical surveys it has become increasingly important to adopt software
development strategies that enable collaboration across large, distributed teams. In this talk I will give a
brief overview of the hardware and instrumentation for the the fifth iteration of the Sloan Digital Sky
Survey (SDSS-V) before discussing the development of the operations software for the project. I will
focus on how we have adopted common industry techniques and tools to facilitate code development
within out team while reducing deployment costs. Finally, I will discuss what we have learned from

this experience and how it can applied to other projects.”
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IASS -2021-12

Design and development plan for the Observing Software of
IGRINS-2

Hye—In Lee', Ueejeong Jeong', Moo—Young Chun', Heeyoung Oh', Jae—Joon Lee',
Hwihyun Kim? Francisco Ramos?, Chan Park’, Young Sam Yu', Sanghyuk Kim',
Jae Sok Oh', Yunjong Kim', In—Soo Yuk', and Sungho Lee!

'Korea Astronomy and Space Science Institute
?Gemini Observatory

The original IGRINS has been operated for more than 6 years since 2014, including the recent visit to
the Gemini South. The IGRINS-2 will be developed as a Gemini facility instrument based on the
original IGRINS design. The IGRINS-2 observing software consists of the Instrument Control System
Hub (ICSHub), the House Keeping Package (HKP), the TCSProxy, the Slit Camera Package (SCP), the
Data Taking Package (DTP), Quick Look Tool (QLT), and Ancillary Tools (AT). Since the hardware
and electronic part such as the sub—systems of the HKP and the interface cards for the detector will be
upgraded from the original IGRINS to IGRINS-2, the observing software should be modified for them.
The IGRINS-2 software should communicate with Gemini Master Process (GMP) through the Gemini
Instrument Application Programmer Interface (GIAPI) as the Gemini facility instrument system. In this
presentation, we will show the observing software design of IGRINS-2 including the GIAPI and a

development plan for it.
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The Core Flight System (cFS): A Reusable Flight Software

Framework

Elizabeth Timmons'

"NASA Goddard Space Flight Center

Flight software is the specialized code that runs onboard a spacecraft and it plays a critical role in
mission success. The needs of flight software systems are similar regardless of the size of the spacecraft
on which they run. NASA GSFC'’s core Flight System (cFS) provides a reusable, platform—independent
software framework that scales to accommodate the needs of a broad range of spacecraft. With its
fully open source Apache 2.0 license, cFS has expanded into a wide range of projects.

There are three key aspects to the cFS architecture: a dynamic run—time environment, a layered
software architecture, and a component—based design. The dynamic run—time environment manages
resources across the software system. The layered architecture isolates the applications from the
operating system and hardware platform. The component—based design allows missions to easily
augment the “out of the box” functionality for their specific mission needs. The combination of these
key aspects makes cFS suitable for reuse on any number of flight projects and embedded software

systems.
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Development of Optomechanical Structure of Confocal

Off-Axis Reflective Telescope for Unmanned Aerial Vehicle

Jimin Han', Sunwoo Lee?, Woojin Park®, Bongkon Moon®, Geon Hee Kim*, Youngjae

Kim*, Seunghyuk Chang®, Dae—Hee Lee®, and Soojong Pak'

!School of Space Research and Institute of Natural Science, Kyung Hee University,
ZKorea Basic Science Institute,
*Korea Astronomy and Space Science Institute,
*Hanbat National University
5Center for Integrated Smart Sensors, Korea Advanced Institute of Science and Technology (KAIST),

Ground and space observation using small Unmanned Aerial Vehicles (UAV) or Cubeset satellites is
developing with advantages of cost reduction and ease of development. Such small flights require
miniaturization of the payloads due to spatial and physical constraints. In particular, in the case of a
telescope for optical observation, the size and configuration of the optical system need to be minimized
and simplified.

In terms of simplifying the optical system, a freeform reflector can be used to remove high—order
aberrations without additional corrective lenses. Also, through LAF-TMS, the off—axis reflective
optical system can achieve higher— image quality than the on—axis reflective optical system without
linear astigmatism for a Wide Field of View (FoV). In addition, to firmly support such an optical
system during the mission and maintain the target optical performance, the optomechanical part must
be well designed.

We are developing the infrared (MWIR, LWIR) spectrograph for wide FoV ground observation via
UAV. The system has an entrance pupil diameter of 40 mm, F-ratio of 1.9, and FoV of 8.25 " x 6.21 * .
It applies LAF-TMS configuration and freeform surface for all mirrors.

The system has three mirror modules on a base frame and each module consists of the mirror, the
mirror holder, and the adapter. The mirror holder has a V—groove to assembly with the triangular ear
of the mirror. The mirror modules are assembly with the base frame via the adapter. The base frame
supports the entire structure through the plane frame structure.

The mirrors have a duplex layer structure to minimize the surface deformation by the bolting effects
during the assembly process. The mirror has two layers, an optical layer that has the freeform surface
and an assembly layer that has a triangular ear for bolting assembly. The gap between the layers
restrains the stress transport from the assembly layer to the optical layer. Also, the triangular ear on the

backside of the mirror has a role of constraint surface for precision assembly with the mirror holder.

Program Book of the IASS Workshop 2021 29



The material of all components is aluminum (Al 6061-T6). It has an advantage of the Coefficient of
Thermal Expansion (CTE) matching system that the optical performance is not affected by the external
temperature environment,

We manufactured proto model of the optomechanical part and the freeform mirrors of the system. The
level of surface RMS error of the mirror is under 100 nm and it satisfy our requirement,

In this presentation, we introduce the optical and optomechanical design of the infrared spectrograph

for the UAV and the current state of the manufacturing.
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KIAS Chamnun Telescope (KCT) : A Remotely—Operated
Robotic System in Chile

Gu Lim"?, Myungshin Im"?, Changbom Park?®, Jinguk Seo"?, Mankeun Jung'?,
Gregory S. H Paek'?, Seo-Won Chang'?, Franck Jobard*, Cédric Thomas*, Changsu
Choi"?

'SNU Astronomy Research Center, Seoul National University, Korea
?Astronomy Program, Department of Physics & Astronomy, Seoul National University, Korea
%Korea Intitute for Advanced Study, 85 Hoegiro, Dongdaemun—Gu, Seoul 130-722, Korea
*DeepSkyChile, Pichasca, LT7 Com. Inga Pichasca
Rio Hurtado, Chile

We introduce a system of the 0.36—m KIAS Chamnun* Telescope (KCT) installed in Chile in March
2020 for the first time. KCT is a robotic system that is remotely—operated for observing astrophysical
objects in the southern sky. A CCD (SBIG STX16803) is now attached on this telescope, providing a
pixel scale of 0.”724/pixel and a field of view of 49.4" x 49.4’. In this talk, we present an overall
description of this system, basic characteristics of data (image depth, seeing, point spread functions,
and tracking accuracy, etc.), and the observing status of this system. In addition, scientific topics now
ongoing will be provided such as a follow—up of supernovae in the Intensive Monitoring Survey of
Nearby Galaxies IMSNG) program and gamma-ray bursts (GRBs), showing KCT can contribute to

identifying the origin of these mysterious transients.

*“Chamnun” is a Korean word for “True eye” meaning the eye that can see the truth.
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7-Dimensional Telescope (7DT) for Multi—Messenger
Astronomy

Myungshin Im'

'Astronomy Research Center, Astronomy Program, Dept. of Physics & Astronomy,
Seoul National University

The 7-diemsinoal Telescope (7DT) is an innovative multiple telescope system that can perform a rapid
identification of optical counterparts of gravitational-wave (GW) sources and a number of other
astronomical studies. This telescope is now being developed under one of the recently approved Grand
Challenge programs, with a full operation planned at the end of 2023. The word 7—dimension stands
for x, y, z positions, the radial velocity, the time, the wavelength, and the flux of astronomical sources,
implying the telescope’s capability of performing a time—series wide—field, IFU—-type spectroscopic
observation. The telescope is a multiple telescope system made of about twenty 0.5-m wide—field
telescopes with which one can obtain spectral-imaging data at 40 different wavelengths to the depth of
20 AB mag for a given epoch. In this talk, we will introduce the telescope system, and outline its
scientific capabilities with an emphasis on multi-messenger astronomy and a few other key science

topics.
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