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radiative transfer equations. These equations are 
able to address detailed radiative processes in the 
atmospheres containing various gases and haze 
particles. We expect these radiative transfer 
equations can also be widely applied to the 
investigation of  radiative transfer processes and 
the analyses of the spectra of celestial objects such 
as the Earth, the Moon, planets, and interstellar 
nebulae.

Bellucci et al. Icarus, 201, 198-216, 2009.
Kim, S.J. et al., Planet. Space. Sci., 59, 699-704, 

2011. 
Kim, S.J. et al., Planet. Space. Sci., 65, 122-129, 

2012. 

[구 SS-15] Polarimetric Survey of Comet 
46P/Wirtanen

Evgenij Zubko4, Maxim Zheltobryukhov2, Ekaterina 
Chornaya3,2,4, Evgenij Zubko1, Oleksandra V. 
Ivanova5,6,7, Anton Kochergin3,2, Gennady 
Kornienko2, Igor Luk’yanyk6, Alexey Matkin2, Igor 
E. Molotov4, Sungsoo S. Kim1, and Gorden Videen8,1 
1Humanitas College, Kyung Hee University
2Institute of Applied Astronomy of RAS, Russia
3Far Eastern Federal University, Russia
4Keldysh Institute of Applied Mathematics, Russian 
Academy of Sciences, Russia 
5Astronomical Institute of the Slovak Academy of 
Sciences, Slovak Republic 
6Astronomical Observatory, Taras Shevchenko 
National University of Kyiv, Ukraine 
7Main Astronomical Observatory of National 
Academy of Sciences, Ukraine 
8Space Science Institute, USA 

Comet 46P/Wirtanen is a Jupiter-family comet 
whose orbital period is of approximately 5.44 years 
and perihelion lying at about 1.06 au. The comet is 
known for being a primary target of the Rosetta 
space mission prior to it being rescheduled to 
67P/Churyumov–Gerasimenko. In its 2018 
apparition, comet 46P approached Earth within 
~0.08 au, which made possible its study with 
relatively small telescopes. We used this rare 
opportunity to conduct a comprehensive study of 
the 46P polarization from November 16, 2018, 
about a month prior to its perihelion passage 
December 12, until January 17, 2019. Over this 
two-month time period, weather conditions were 
favorable on 13 nights. Observations were made 
with the 22-cm telescope located at the Ussuriysk 
Astrophysical Observatory (code C15), which 
operates within the International Scientific Optical 
Network (ISON). We will report our findings at the 
conference.
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The main-belt asteroid (5247) Krylov is known as 
a Non-Principal Axis (NPA) rotator. However, the 
shape model and spin state of this asteroid were 
not revealed. The physical model of an asteroid 
including spin state and shape is regarded to be 
important to understand its physical properties and 
dynamical evolution. Thus, in order to reconstruct 
the physical model of Kryolv, we applied the light 
curve inversion method using not only the optical 
light curves observed with ground-based 
telescopes in three apparitions during 2006, 2016, 
and 2017, but also the infrared light curves 
obtained with the Wide-field Infrared Survey 
Explorer (WISE) in 2010. We found that it is 
rotating in Short Axis Mode (SAM) with the rotation 
and precession periods of 368.71 hr and 67.277 hr, 
respectively. The orientation of the angular 
momentum vector is (298°, -58°) in the ecliptic 
coordinate system. The ratio of moments of inertia 
of the longest axis to the shortest axis is 
 ; the ratio of moments of inertia of the 
intermediate axis to the shortest axis is  . 
Finally, the excitation level of this asteroid is found 
to be rather low with a ratio of the rotational 
kinetic energy to the basic spin state energy as 
≃. We will briefly discuss the possible 
evolutionary process of Krylov in this presentation.
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Since the high throughput for diffuse objects 
and the wide-area survey even with a small 
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telescope can be achieved in space, infrared (IR) 
obervations have been tried through small 
missions in Korea. Based upon the previous 
technical development for infrared 
spectro-photometric instrument, NISS 
(Near-infrared Imaging Spectrometer for Star 
formation history) onboard NEXTSat-1, we 
participated in the all-sky infrared 
spectro-photometric survey mission, SPHEREx. 

The SPEHREx (Spectro-Photometer for the 
History of the Universe, Epoch of Reionization, and 
Ices Explorer) was selected as the NASA MIDEX 
(Medium-class Explorer) mission (PI Institute: 
Caltech) in this February. As an international 
partner, KASI will take part in the hardware 
development, the operation and the science for the 
SPHEREx. The SPHEREx will perform the first 
all-sky infrared spectro-photometric survey to 
probe the origin of our Universe, to explore the 
origin and evolution of galaxies, and to explore 
whether planets around other stars could harbor 
life. For the purpose of the all-sky survey, the 
SPHEREx is designed to have a wide FoV of 3.5 × 
11.3 deg. as well as wide spectral range from 0.75 
to 5.0μm. Here, we report the status of the 
SPHEREx project and the progress in the Korean 
participation.
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우리나라 최초의 우주탐사 사업인 달 탐사선(KPLO) 개
발 사업에는 국내에서 개발하는 과학 탑재체 3기, 기술 검
증탑재체 1기, 고해상도 카메라 1기, 국제협력의 일환으로 
NASA의 과학 탑재체 1기도 함께 개발되고 있다. KPLO 
와 이들 탑재체의 운영을 수행하게 될 KPLO 심우주 지상
시스템은 달 탐사선 운영에 필요한 궤도, 임무계획 등의 
정보를 생성하고, KPLO의 기동명령과 상태정보를 송, 수
신하는 역할을 주요 임무로 수행한다. 또한 이들 정보를 
기반으로 궤도임무를 수행하고 있는 KPLO의 임무운영 상
태를 시각화하여 운영자로 하여금 KPLO 운영을 용이하게 
하고, 공공에게 이를 제공하는 역할도 함께 수행한다. 

KPLO 심우주 지상시스템은 AGI사의 STK와 
NASA/JPL에서 개발한 Cosmographia를 활용하여 각각 
특성에 맞는 KPLO 운영 시각화 정보를 제공할 것이다.

본 발표에서는 Cosmographia의 작동 및 활용 개념을 
설명하고, KPLO의 가상 임무를 적용한 SPICE Kernels을 
활용하여 고해상도 카메라인 LUTI의 지향, 달 중심 표준
좌표를 적용한 KPLO의 궤도 등을 시각화 시연을 한다. 또
한 고해상도 달 표면 영상 적용, 심우주 네트워크 안테나
의 위치 정보표출 등 Cosmographia에서 기본적으로 제
공하던 시각화 정보를 개선한 내용에 대해서도 함께 시연
한다.
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The software group in Giant Magellan Telescope 
Organization (GMTO) is developing the GMT 
Software Development Kit (SDK) for the device 
control and the telescope operations. The SDK is 
dived into the modeling and the operation defining. 
In the modeling process, Domain Specific Language 
(DSL) can validate the availability of a model and 
generate a skeleton code automatically. After the 
modeling, the developer can simply define the 
device operation. All devices are connected via 
EtherCAT, and the SDK simplifies the network 
connection. This presentation will give an overview 
of the modeling process and development examples 
using the GMT SDK.
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We present the control software and its 
development process for a prototype of the 
Camera and Grating Articulation System (CGAS) for 
GMACS, a wide-field, multi-object, 
moderate-resolution optical spectrograph for the 
Giant Magellan Telescope (GMT). The CGAS 
prototype is currently designed for the camera 
articulation controller as a miniature model of the 
GMACS. The camera articulation package (CAP) is 
a software that controls two stepper motors to 
adjust the camera angle. The package is developed 
using Visual C++ and runs on Windows 10. We 
discuss the architectural design and 
communication route between the high-end user 
software and the electronics hardware.


