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The use of space domain for military operations is a global
trend. The Republic of Korea Army intends to contribute to
joint operations by implementing a simultaneous defense
strategy by utilizing the Army space power.

In particular, space is the Ultimate High Ground that must be
secured in order to build the Army Tiger system.

In this paper, I will briefly present the ‘Pegasus Project’
promoted by ROKA.

Through this project, the ROKA intends to establish an army
space power infrastructure system, establish an army space
operation execution system, and build joint space operation
capability.

And for these purposes, ROKA intends to build the seven
capabilities of satellite communication, satellite reconnaissance,
satellite navigation, satellite operation, space power projection,
space control, and space domain recognition.

In particular, it aims to become the ROKA that can lead the
national space industry by establishing a hyper-connected
communication satellite system, a tactical reconnaissance
satellites and a ground-based reusable launch vehicles.

region where the Sun’s energy is first deposited into the Earth’s
environment. This region is also affected by various forces from
lower altitudes such as atmospheric tides, hazardous natural
phenomena (earthquakes, tropical storms, volcanoes, tornadoes),
and man-made events (rocket launches, explosions). Modern
society is increasingly dependent upon satellite-based technology.
Various space weather phenomena in the upper atmosphere
directly impact satellite tracking, communications, and global
navigation satellite system utilization. For a century, significant
efforts have been made to explore the upper atmosphere using
various techniques. Ground-based mstruments provide continuous
observations of the upper atmosphere at a given location, but
these observations are available only at limited locations over
continents. Satellite-based experiments provide observations
globally, but the observations of a single satellite are only
available instantaneously at a given location. NASA’s Geospace
Dynamics Constellation (GDC), which will be launched in 2028-
2029, aims to understand the deposition of extermnal and internal
energies into the upper atmosphere and the response of the
upper atmosphere using high temporal and spatial resolution
data provided by multiple satellites. However, the GDC mission
only consists of in situ measurements, and therefore, large data
gaps still exist. Remote sensing of the upper atmosphere with
wide field-of-view instruments simultaneously with the in situ
measurements is essential to achieve the goals and objectives
of the GDC mission. The GDC mission will lead upper
atmospheric sciences for the next 20-30 years. Korea has
resources to support the GDC mission. Ground-based observations
by KASI and KOPRI, new research ideas, and development of
new missions in connection to the GDC will provide a great
opportunity for Korea to participate in the GDC mission and
play a leading role in the field of upper atmospheric sciences.
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Here we point out the transition region which shows a sharp
temperature rise so that can be another reflective layer like the
temperature-minimum. An analytical interpretation assuming a
linearly propagating acoustic wave in the non-isothermal
atmosphere including the transition region is demonstrated.
Consequently we found a damping standing wave reflected by
the transition region in the chromosphere.

15:45 [I-1-2]

estimate the signal delay caused by total electron content (TEC)
in the ionosphere. TEC data from ground-based GPS receiver
network are increasingly being used to characterize the
variability of the ionosphere. Unfortunately, however, most GPS
stations are installed on land. In contrast, GNSS observations
made in the ocean are relatively insufficient. In this study, we
estimate TEC using GPS measurements from the research
vessel traveling between the mid- and low-latitude regions of
the Pacific ocean. To study the GPS TEC variation in the
mid-to-low latitude, the campaign was conducted for about one
month using a weighing 5,894 tons research vessel ‘ISABU’
operated by the Korea Institute of Ocean Science and
Technology. We derive the ship's position and GPS TEC, and
compare the GPS-derived TEC with the global ionospheric
model.

Among various types of aurora in the polar regions, auroral
spirals are vortex-like auroras that emerge frequently in the
nightside auroral oval under different geomagnetic conditions
and have different spatial and temporal scales. In spite of
frequent occurrence, the magnetospheric source has not been
discussed extensively. Here we report that a large-scale (~400

oval during the late substorm recovery phase, lasting tor more
than 1 hour. Its equatorial projection may be highly elongated
from the middle to near-Earth and distant magnetotail. In the
magnetotail, Two Time History of Events and Macroscale
Interactions during Substorms (THEMIS) spacecraft observed
flow oscillations in or near the equatorial projection of the
equatorward spiral arm. These observations suggest that the
magnetotail was active in a wide area even during and after
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study this phenomenon in extreme low EUV conditions.
Pronounced/reasonable increase in EA strength at low/mid
latitudes from 1996 to 2008 indicates role of EUV in EA. In
addition to an increase in strength of EA from 1996 to 2008,
variation in its strength and sign (positive if Mar Equinox
foF2 {means} > Sep Equinox foF2{means} and vice versa) with
latitude and longitude are also observed during both years.
Similar to previous studies, EA is observed in daytime during
both years. However at low latitude stations, two peaks of foF2
are also observed at night: the first peak in summer and the



System (GNSS) stations are essential parameters representing
the ionosphere phenomenon. Therefore, it is imperative to
predict the TEC accurately, and numerous approaches have
been proposed. Artificial intelligence (i.e., neural network, deep
learning) has recently been adopted for predicting TEC using
GNSS data from one station. However, little has been done to
predict a 2-dimensional TEC map in the local domain (regional
TEC map) rather than one station. In this study, we develop
the model predicting the regional ionospheric TEC map in the
vicinity of the Korean Peninsula (26°-40.5°N, 120.5°-135°E) for
the next twenty-four hours by employing a deep leaming technique
called Convolution Long Short-Term Memory (ConvL.STM). To
investigate the performance, the model is compared with
commonly used empirical ionospheric model, IRI-2016.

The proton temperature anisotropy of the solar wind is known
to be naturally developed by the Alfven-wave turbulence and
the adiabatic expansion, resulting in the excessive perpendicular
and parallel temperature anisotropy, respectively. In this study,
we develop a one-dimensional solar wind model with low-
frequency Alfven-wave turbulence in order to investigate the
role of the anisotropy-driven kinetic instabilities on the
thermodynamic evolution of the slow solar wind. We also
consider the curved magnetic field line to for the slow solar
wind. Theoretical results may be helpful for understanding the
physical processes relevant to the presence of ion scale waves
observed in the vicinity of 10—-30 solar radii and 1 AU.
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HTE-STEAM program is based on the concept of the HTE
(Here, There, Everywhere) and STEAM(Science, Technology,
Engineering, Arts, Mathematics). It will be effective in astronomy
education that deals with large scales in time and space. Night
observation, a hands-on method of astronomy, has many
limitations such as weather and time in the school setting.
STEAM education can be used to develop an astronomical
hands-on education program that replaces night observation.
Constellations are being taught in the classroom in the form of
lectures without practice. Therefore, it is necessary to develop
a hands-on education program for stellar constellations to
increase the effectiveness of education. This study aims to
develop and present HTE-STEAM based hands-on education
program for the stellar constellation.
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and class satisfaction. For this purpose, a total of 179 students
in 7 classes of the first grade of J High school located in the
Chungbuk region were the subjects of this study. The data were
analyzed by performing two-dependent samples (t-test) based
on the difference between the pre- and post-scores of creative
problem-solving ability test, and the value of class satisfaction
was analyzed and interpret using descriptive statistics and
interview. The results of this study are as follows. First, except for
‘execution’, ‘problem discovery and analysis’, ‘idea generation’,
‘execution plan’, ‘conviction and communication’, and ‘innovation
tendency’ showed statistically significant results. Second, in
terms of class satisfaction of the creative education program,
it was an average of 3.75 and it was difficult for leamers to
derive creative ideas, outputs, and results through groups within
a given time in regular class, but generally showed a positive



response. Therefore, it was confirmed that the creative education
program using AR/VR increased student’s learning motivation
and interest in the process of generation or expanding ideas to
solve problems like educational effect of STEAM.

projects of space development institutes. This study intends to
analyze the motivation of trainees who participated in this
project. For this purpose, the general background of trainees was
analyzed. In addition, for in-depth analysis, trainees’ participation
motives and responses to goals after completing this project were
analyzed. The results of this study will provide good implications
for institutions that operate space manpower training projects and
policy makers who plan policies in the future.

LGS U LY ULIC U1V L Oty

We developed the ‘Woodworking Dobsonian Telescope and
applied this telescope to the educational programs for Middle
school students who are in difficult conditions to practice
telescopes. The purpose of our study is to know whether the
telescope assembly and practice have a positive effect on
understanding the principles of astronomical observation as well
as the developed program has a positive effect on students’
understanding of diverse astronomical phenomenons and concepts.
Some progress of our study will be presented.
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explains CAP-W CADU processing results to prepare coming
system level tests, ETB Test and FM Test.

Korea Aerospace Industries, Ltd.

CAS500-3 carries out 3 science missions. BCN (BioCabinet)
performs cell culture & 3D printing mission to secure the
source technology of tissue engineering and regenerative
medicine. ITAMMAP (Ionospheric Anomaly Monitoring by
Magnetometer And Plasma-probe) monitors changes in the
ionospheric space environment. ROKITS (Republic of Korea
Imaging Test System) is a wide-area auroral and airglow imager
to understand the response of ionosphere-thermosphere system
to external and internal forcing in high latitudes. In this paper,
mission operation concepts of CAS500-3 are introduced briefly.
BCN operates independently from the system mode for at least
60 days with self-battery. IAMMAP measures continuously in
magnetic fields and plasma. ROKITS observes auroral and
airglow when the ground in the direct-down direction is at
night. We also describe the satellite’s attitude maneuver and
power energy balance results to perform these CAS500-3

mieeinne

The NEONSAT is being manufactured for the purpose of
national security and rapid disaster response by developing
about 100 kg mass of 11 microsatellites under the supervision



Lhe satellites Will be operated on an orbit plane with an altitude
of about 500 km and an inclination angle of 97.4109°. Five
satellites launched in the first half of 2026 will be operated at
10:30 LTDN and other five satellites planned to be launched
in 2027 will be operated at 13:30 LTDN. The satellites will
perform ground observation while forming a satellite group
with the same phase difference, and to this end, each satellite
acquires satellite constellation with equally spaced shape through
altitude transition movement. This paper introduces the method
of acquiring satellite constellation via the altitude transition
when the satellite is in the effect of the Earth irregular
gravitational force.

' Korea Aerospace Research Institute
2Asia Pacific Satellite Inc.

Since the separation of PVSAT from KSLV-II on 21 June 2022,
the S-Band TM/TC link has been fully verified with several
different configurations. Especially, with full 3-axis spacecraft
attitude control, the link performance has been accurately
calculated and showed the value in line with what was
expected.

For better link performance in routine operation, the S-band
on-board antenna will be operated in ground antenna pointing
mode or earth center pointing mode. The one of two different
on-board antennas will be selected to be operated in one of two
modes.

Thos paper shows the link performance value between PVSAT
and 7.3 m KARI antenna for several different configuration
parameters like on-board antenna to be operated, downlink rate,
on-board antenna pointing mode. Value shows the link performace
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On-orbit navigation relative to an uncooperative target in a
GNSS-denied environment is challenging due to accumulation

of IMU integration error. Typically this difficulty is overcome
by periodically updating a navigation filter with additional
sensor information such as visual, LiDAR, or radar readings.
This work investigates the frequency at which such a navigation
filter needs to be updated while approaching a target in order
to achieve a required final position and velocity accuracy.

IAUL GG 1O VIICIIL) Gl U U IS IO 1Ot LU

The Korean VLBI Network (KVN) consists of three 21 m radio
telescopes (KVN Yonsei Radio Observatory, KVN Ulsan Radio
Observatory, and KVN Tamna Radio Observatory) installed in
Seoul, Ulsan, and Jeju Island operating at millimeter wavelengths.
The total amount of KVN operation time is more than 3,000
hours a year. As a core member of the East Asian VLBI
Network (EAVN), we operate the correlation center where all
data from the EAVN telescopes is collected and correlated at
the Korea Astronomy and Space Science Institute (KASI). At the
same time, KVN also participates in global VLBI experiments
as a member of the Global Millimeter VLBI Array (GMVA)
and the European VLBI Network (EVN). In this talk, I will
introduce the KVN operation strategy to support various science
programs and technical development including the data
management produced by the KVN and global VLBI telescopes.

1R:4R [1-4-21
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method. After a 7-year operation of the system, the KMTNet
science team is now leading the international microlensing
science community. In this talk, We show the current status of



the KMTNet system and plan.

szungbuk National University

KMTNet (Korea Microlensing Telescope Network) officially
started its operation on October 1, 2015. The main characteristic

uninterrupted observation, the KMTNet team does its best for
stable operation, although no specific maintenance season is
allocated. In particular, immediate response when we meet a
problem is complicated since the system is installed overseas
(Chile, South Africa, Australia). This talk will show our
maintenance know-how and plans to solve maintenance
difficulties of overseas observation systems.

OWL-Net (Optical Wide-field patrol. Network) is the first
space situational awareness facility of its kind in South Korea
which consists of five identical 0.5 m wide-field telescopes with
4K by 4K CCDs. The five stations are located in Mongolia,
Morocco, Israel, United States, and South Korea. They are
being operated in fully autonomous mode with the minimum
human intervention. The primary objective of OWL-Net is to
track Korean domestic satellites. In addition, it can be possible
to conduct time-series photometry of bright solar system objects.
After the COVID-19 pandemic, the OWL-Net maintenance
works were carried out in 2022. We will present the 2022
progress report of the OWL-Net telescopes and also introduce
the lesson learned of the operation of the observatory installed

overseas.

(GDC) have been shown the operation rate more than about
99% since 1992 and 2006, respectively. Based on KASI GNSS
permanent network, the KASI contributes to monitoring and
researches of tectonics deformation and earthquakes in Korea,
and ionospheric monitoring, modeling, and analysis. The KASI
has been co-worked with industries related with Real Time
Kinematic (RTK) service. The KASI IGS GDC collects the
worldwide GNSS data of 512 GNSS permanent station and
provide 4 million files per year. We will also report the recent
status of KASI oversea GNSS station.

Kecent venus missions Dy LEDA and JAXA revealed a
considerable level of variability in the atmosphere of the planet.
For example, there are significant temporal variations of
brightness [1], wind speeds [2], cloud morphologies on the day
or night side [3], and trace gaseous abundances [4]. While
mechanisms behind the reported variations are a subject of
further study, one of the possible impact sources may be
volcanic activities on the surface. Venus is expected to be
geologically active, but the current status and nature are hidden
[5]. To detect active volcanoes on the surface, new Venus
missions, NASA’s VERITAS and ESA’s EnVision, will visit
the planet. Another NASA mission, DAVINCI+, will study the
chemical compositions of the lower atmosphere using its decent
probe. There are more plans toward Venus by India
(Shukrayaan-1), Russia (VENERA-D), and China, and several
concept studies in the USA and Japan. This recent attention
towards Venus is somewhat interesting concerning the long
break between 1994 and 2006 (NASA’s Magellan 1990-1994,
and ESA’s Venus Express 2006—2014). How come Venus gains
the growing attention of international communities? In this talk,
I will introduce the recent Venus exploration and what we want
to know about the uninhabitable twin sister of Earth.



[1] Lee et al. 2019, AJ, 158, 126.

[2] Khatuntsev et al. 2013, Icar, 226, 140.

[3] Peralta et al. 2020, GRL, 47, €2020GL087221.
[4] Marcq et al. 2020, Icar, 335, 113368.

[5] Ghail et al. 2020.
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log that recorded the astronomical variable events in Gwansangam
during the Joseon Dynasty. Currently, 38 observation logs of
three comets remain in Korea. In the log, observation time,
position of the comet, length and direction of the tail, etc. were
recorded daily along with a picture of the comet's position and
shape. One of these records, in April 1759 (35th year of King
Yeongjo), was the serious of observations of Halley’s Comet.
In this talk, we describe the characteristics and scientific values
of these logs in view of the history of astronomy. We then
introduce the activities and plans to register the existing set of
Danja in the UNESCO Memory of the World.

(PT) representation and have developed a numerical code based
on it. Our code can employ a source surface condition at the
top boundary, which accommodates an open magnetic flux,
mimicking the real upper solar corona. With this code, the
magnetic fields of the active region AR 11974, which produced
two flares and one coronal mass ejection (CME), have been
reconstructed to investigate the field connectivity change
responsible for each eruptive event. The two flares are found
to occur by magnetic reconnections in quasi-separatrix layers.
The areas of a large squashing factor obtained by our numerical
solutions well overlap with flare ribbons of the two flares. It
is also found that a large flux bundle created by the first flare
drives a series of reconnections in nearby fluxes, which
eventually culminates in a CME. In a smaller scale, the active
region showed a light bridge in a sunspot umbra. Our numerical
solution around this area exhibits the magnetic field structure

in and near the light bridge.

Perot Interferometers (FPIs) since 2016. As polar thermosphere
directly interact with magnetosphere-ionosphere system via the
Earth’s magnetic field, it is necessary to understand how
geomagnetic activities can change physical properties in polar
thermosphere. In this study, we use two FPIs located at
Resolute Bay, Canada and Kiruna, Sweden representing polar
cap and sub-auroral region, respectively for studying latitudinal
difference in thermospheric winds and temperatures. Thermospheric
densities derived from SWARM satellites also mainly depends

on the geomagnetic activities.
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of hot electrons, cold electrons and background protons. Heat
flux is produced by relative drift of hot and cold electrons.
Before the heat flux instability is developed, electrostatic
instability occurs due to the relative drift of electrons. The heat
flux instability produces electromagnetic waves, which significantly
modify the distribution function of electrons. The detailed
analysis of the dynamics of particles and waves will be

ennnntad

1onosphere. It 1s expected that many radio blackouts will occur
due to frequent solar flare, expecially during the solar maximum
(’24-25). In order to respond to such a space weather disaster,
the Korean Space Weather Center (KSWC) is preparing a
domestic ionospheric disturbance alert service. In this study, the
correlation between the radio wave attenuation and the scale of
radio blackouts using the D-RAP algorithm was analyzed
through the case of the radio blackouts due to the R alert. If
the D-RAP algorithm is used, the scale of the radio blackouts
can be calculated in real-time, so it is expected that it will be

effective tn nice

accelerated 1 solar jets by a mechanism that causes a mass-
to-charge (A/Q) dependence of the elemental abundance. It is
important to understand the source region properties since the
accelerated particles in the impulsive SEP events could become
the seed population that could be reaccelerated by a coronal
mass ejection shock, then produce gradual SEP events. The
temperatures of the source region of the impulsive SEPs is
known to be about 1-3 MK derived by fitting the SEP
abundance power-law distribution vs A/Q which depends on the
electron temperature. These are consistent with recent studies
based on EUV observations in the solar corona. In this work,
we examine whether the temperature estimation from the A/Q
would differ with various kappa values in a kappa function
representing high-energy tails deviating from a Maxwellian
velocity distribution. We use the KAPPA package recently
upgraded with the CHIANTI 10 atomic database to calculate
the averaged charge states of each element, assuming ionization
equilibrium. We find that the differences in the A/Q between
a Maxwellian and an extreme kappa distribution are only about
10—20%. We fit power-law enhancement of element abundances
as a function of their A/Q with various kappa values. Then, we
discuss whether the differences, which deviate from a Maxwellian,
i.e., thermal, can affect the determination of the source region
temperature.

11:05 [lI-1-6]

outside the solar system and solar cosmic radiation tfrom solar
activity. Cosmic radiation is a charged particle with high energy
and has a great effect on satellites and humans operating in
space. In particular, when charged particles pass through the
electric components of the satellite, TID and SEE phenomena
typically occur. TID creates electron-hole pairs by transforming
bound electrons to free electrons as charged particles pass
through electric components. This causes performance degradation
of electric components. This study analyzed the changes that
occur when irradiated with radiation by dividing commercial
OBC into full exposure and shielding in the concept of TID.
The performance change of OBC was recorded by irradiating
electron, gamma, and proton beams, and the material and
thickness of the shield were calculated using GEANT4, MCNP
6.2 Monte Carlo simulation. In addition, irradiation facilities



effectively monitor the ionosphere because it provides a global
observation network with 24-hours operation. However, GNSS
deos not fully cover the ocean and polar regions because of
the limited access to those areas. Therefore, Korea Astronomy
and Space Science Institute (KASI) conducts experiments on
GNSS data acquisition in the sea by installing GNSS receivers
in marine science research vessels. We installed GNSS scintillation
receiver in the ARAON icebreaker, which is managed by Korea
Polar Research Institute (KOPRI), and collected the data from
June 10, 2021 to May 8, 2022. The number of days on on
which observations are available is 276. During two expeditions
of ARAON icebreaker to the Arctic and Antarctic, we collected
the high rate GNSS scintillation observation with 50 Hz
temporal resolution from the equator to the polar region. The
results show 1) increasing positioning error due to the plasma
irregularities and 2) higher occurrence rate of GNSS scintillation
in the Arctic than in the Antarctic. To explain the asymmetry
of occurrence rate, we analyze both ionospheric observations
and the motion sensor of the ARAON icebreaker, which could
affect the quality of the GNSS signal.

Exohiss waves below 0.1 electron cyclotron frequency are
structureless whistler-mode emissions typically observed in the
plasmatrough. It is suggested that plasmaspheric hiss inside the
plasmasphere can propagate into the plasmatrough and evolves
into exohiss. In this study, we statistically investigate the
dependence of exohiss occurrence and characteristics on hiss

occurrence, solar wind parameters, and geomagnetic AE index
based on Van Allen Probes observations from the entire mission
period (approximately 2012-2019). Statistical results show that
the exohiss waves occur mainly on the dayside (6-18 MLT)
and the midnight-to-dawn sector (0—-6 MLT), with a much
higher occurrence on the dayside. The occurrence regions on
the dayside coincide with regions of the high occurrence of
intense hiss waves inside the plasmasphere. In addition, their
occurrence gradually increases up to ~3 hrs after the
measurements of hiss waves and shows a clear MLT dependence.
Post-noon (12-18 MLT) exohiss usually appear when high-
amplitude hiss waves inside the plasmasphere frequently occur,
while pre-noon (6-12 MLT) exohiss appear when relatively
small-amplitude hiss waves occur. Our findings imply that the
occurrence of the dayside exohiss seems to be related to hiss
activity. More interestingly, the occurrence rates of exohiss on
the dayside show a significant dependence on the interplanetary
magnetic field (IMF) BZ. The most occurrence region of
exohiss tends to occur more in the post-noon sector than in the
pre-noon sector for more intense southward IMF BZ. The AE
effect is comparable to that of the IMF BZ effect. Meanwhile,
the occurrence regions of exohiss on the nightside are consistent
with those of whistler-mode chorus waves, suggesting that the

nishtside exohiss mav have oricinated from whistler-mode

School of Space Research, Kyung Hee University

We have studied the statistical properties of cold ions energized
by negative spacecraft charging, using Van Allen Probes-A data
for 2013—2014. 26 negative spacecraft charging cases with a
minimum potential less than —30 V were identified. They were
accompanied by a substorm activity. When the spacecraft was
negatively charged, the cold ions (H', He', and O") below 1
eV were energized to the same energy level, indicating that the
ions are accelerated by the electric field generated by the
negative-charging associated electrostatic potential. By comparing
ambient electron number density inferred from the frequency
of the upper hybrid waves and energized cold ions’ densities,
we discuss the contribution of proton and individual heavy ion

n 1 1 1



electron content (TEC) data through deep learning. As a first
step towards this, we develop a model to generate a vertical
electron density profile from a TEC value using Multi-Layer
Perceptron (MLP). In this process, the vertical electron density
profiles (100 km—700 km altitude, ~25 km altitude interval) and
the corresponding TEC values of the IRI-2016 model from 2001
to 2013 with resolutions of 2 hours in time, 2.5° in latitude, and
5° in longitude are used. We use the IRI vertical density
profiles (approximately 4.2 million) from 2001 to 2008 for
training, 2009 for validation, and 2010 to 2013 for a test. The
next step is to generate global IGS electron density profiles
using the global IGS TECs as input data for the model, which
is called the global IGS-3D Ne model. We evaluate the IGS-3D
Ne model by comparing the electron density profiles from the
incoherent scatter radars (ISRs) at three stations (low, middle,
and high latitudes) with the IGS-3D Ne model from 2010 to
2013. The evaluation shows that the electron density profiles
from the IGS-3D Ne model are closer to the ISR data than those
of the IRI model, especially at high latitudes. The IGS-3D Ne
model shows that the averaged RMSE values between IGS and
ISR electron density profiles are 0.37 log (m—3), 0.22 log (m—3),
and 0.34 log (m3) for all test datasets at Jicamarca, Millstone
Hill, and EISCAT stations, respectively. These results suggest
that our IGS-3D Ne model has sufficient potential to enhance
the ability to predict global electron density profiles.

KPLO was successfully launched at Aug 5, 2022 by Falcon-9
launch vehicle. After separated from the launch vehicle, KPLO
started autonomous initial operation using start-up RTCS.

Solar arrays were deployed and started power generation. Alter
thruster control was started, the attitude of KPLO was quickly
stabilized and the solar arrays point the Sun. After communication
link acquired, units for normal operation were activated. KMAG
boom and HGA were successfully deployed. Each attitude
sensor and actuator is activated and utilized for normal mode
operation without any anomaly. After 24 hours from launch,
HGA was used for S-band communication and X-band data
playback. Every procedure was performed as planned. In this
paper, we present bus initial activation and checkout results of
KPLO.

Korea Aerospace Research Institute

Using a SpaceX Falcon 9 rocket, the Korea Pathfinder Lunar
Orbiter (KPLO), also known as Danuri, was launched at 4 Aug.
23:08:48 (UTC) from Cape Canaveral Space Force Station. To
date, Danuri has successfully continued its journey to the Moon
using Ballistic Lunar Transfer/Weak Stability Boundary (BLT/
WSB) trajectory. For a successful flight dynamics operation,
such as real-time tracking, orbit determination, maneuver
planning to follow the designed reference trajectory, maneuver
recovery, etc., it is essential to establish and manage different
levels of support and tracking schedule with Deep Space
Network (DSN). In this work, joint efforts devoted between
Korea Aerospace Research Institute (KARI) and DSN team are
summarized for efficient and smooth real-time flight operation
of Danuri. Starting from the top-level interface architecture,
detailed operation flows, as well as lessons learned from the
mission readiness reviews, are treated. Through Danuri's
cooperative operation experience with DSN, a more reliable and
efficient partnership is expected in preparation for future
Korea’s deep space exploration mission.

The Korea Pathfinder Lunar Orbiter (KPLO, also known as
Danuri) uses Weak Stability Boundary/Ballistic Lunar Transfer
(WSB/BLT) trajectory to reach the Moon. In order to correct



trajectory, a total ol nme trajectory correction maneuvers (1CM)
are scheduled during the trans-lunar cruise (TLC) phase. This
paper introduces the process to determine whether to perform
or skip the upcoming TCM from the perspective of trajectory.
Key considerations include delta-V budget, allowable boundary
for TCM, min/max delta-V the thruster can produce, etc.
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KPLO (Korea Pathfiner Lunar Orbiter) was launched at 4 Aug
2022 23:08:48 UTCG from Cape Canavaral, USA, and flies to
the Moon along the WSB/BLT trajectory. From Earth to Moon,
KPLO has night chances of a trajectory correction maneuver
(TCM). Flight dynamics specialists planned TCM-1 at 7 Aug
2022 to correct the trajectory dispersion of launch vehicle. After
launch, KMOC (KPLO Mission Operation Center) receives the
tracking data from NASA DSN (Deep Space Networks), located
in the United States, Spain, and Australia. During the initial
acquisition phase, DSN provided continuous tracking data after
the KPLO bus system preparation. Using tracking data, the flight
dynamics specialists processed the OD (orbit determination) to
provide the estimated position and velocity, and then performed
the maneuver planning of TCM-1 based on the definitive
ephemeris from OD process. For KPLO OD, a sequential
estimation algorithm is used and the orbit determination
performance is evaluated by analyzing the position uncertainty
of KPLO. After execution of TCM-1, the flight dynamics
specialists estimated the maneuver including delta-V and loss
mass through the OD process. Using the definitive ephemersis,
the maneuver recovery process was performed to evaluate the
executed burn. In this research, KPLO OD performance is
analyzed for the maneuver planning and the maneuver recovery

Lhe nrst Irajectory Correction Maneuver (1CM) ol Korea
Pathfinder Lunar Orbiter (KPLO), also known as Danuri, was
designed to clear possible launch errors and check the health

of Orbit Maneuver Thruster (OMT). Faster TCM1 execution
reduced fuel consumption, but it was scheduled at 48 hours
after the launch considering operation timeline. In the real
operation, TCM1 was executed to compensate a small error
from the launch injection. This work summarizes TCMI1
planning activity and analysis activity of TCMI1 execution
result. Several maneuver planning activities with Orbit Parameter
Message (OPM) delivered by SpaceX and results from orbit
determination activities were done. After TCMI1 execution,
maneuver recovery activities followed with results from orbit
determination activities. TCM1 was executed as planned, so we
cancelled TCM2, which was designed to compensate TCM1

€ITor.

Korea Aerospace Research Institute

This research presents the initial in-orbit operation results and
performance verification for KPLO On-board Orbit Module.
Korea Pathfinder Lunar Orbiter (KPLO) is the first Korean
lunar mission spacecraft. It was successfully launched on Aug.
4™ in 2022 (UTC) and is navigating safely in the trans-lunar
cruise phase now. The on-board orbit module calculates the
orbit position and velocity vectors in real time using polynomial
interpolation method with orbit parameters generated in the
ground station. Therefore, it requires Orbit Parameter Upload
operation from the ground station for normal operation. In the
previous research, we introduced the design concept of the
onboard orbit module for the lunar orbiter, the development
concept and verification test results, and the development
concept of the interface data generation between the ground
operation systems. The ground operation software for the
On-board Orbit Module, Orbit Parameter Upload (OPU) is a
functional sub-module in Mission Planning PreProcessor (MPP),
which is a module of the Mission Planning Subsystem (MPS).
The OPU runs automatically when input data is received from
Flight Dynamic Subsystem (FDS) according to a predetermined
generation rule in the configuration file and also manually
whenever users execute. The spacecraft orbit ephemeris
transmitted from the FDS can be either the Earth- centered orbit
before Lunar Orbit Insertion (LOI) or the lunar-centered orbit
after LOI, and is classified by using E or M in the file name.
After launch, the KPLO is currently safely cruising in the
trans-lunar orbit. This paper will present the operation status of
the initial spacecraft orbit parameter generation logic performed
in the trans-lunar cruise phase and the results of initial
performance verification.
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operation scenarios.

The one of them is Disruption Tolerant Network (DTN) payload,
that could perform the space internet test with bundle protocol
in the space region. The ETRI had developed DTN payload on
KPLO and participated on the DTN operation in this program.
The important of this mission is doing international cooperation
with NASA JPL. NASA has the technology of developing
DTN-ION (Interplanetary Overlay Network) software. That will
support us to validate the our DTN mission successfully.
This paper shows DTN validation test on the ground with
joining ETRI, NASA, and KARI. The DTN test configuration
and each node that could be connected with TCP and UDP
network are defined.

To satisfy our requirements like message, file, and video stream
transfer, we had done the test plan and procedure to tightly
validate the DTN test on the ground.

Our test result meets enough message, file, and stream video
transfer on end-to-end network. the proposed network concept
also have the stable network traffic status.

In the future, we will validate DTN mission when KPLO is
orbiting the Moon. and compare to our ground test results.

! Electronics and Telecommunications Research Institute
2University of Science and Technology

The Delay/Disruption Tolerant Network Payload (DTNPL) 1s a
space internet device developed by the Electronics and
Telecommunications Research Institute (ETRI) of Korea. DTN
is a type of interplanetary internet that is designed to handle
delays and disconnections that frequently occur when using
internet in space. DTN is a method modified to fit the space
communication environment by adding Bundle Protocol (BP),
a store-and-forward function that is not present in the existing

terrestrial internet.

DTN technology is an internationally standardized technology
and will become a major means of communication network for
the future space exploration.

DTNPL will demonstrate space internet communications
technology between the DTN nodes in the KPLO and on the
Earth. The technology demonstration includes CCSDS File
Delivery Protocol (CFDP), Asynchronous Message Service
(AMS), and Bundle Streaming Service (BSS). Network nodes
for space internet technology demonstration are located in
KPLO, NASA, KARI, and ETRI. The four seasons ETRI
campus photos will be used for the demonstration of file
delivery. A real-time streaming of K-pop band BTS’ ‘Dynamite’
MV from KPLO is one of the technology demonstration of
Bundle Streaming Service.

In the future, when humans build their bases on terrestrial
planets and their moons, caves will be the safest place for
outposts. Small terrain called “impact melt pits” have been
discovered on the Moon. We propose that a cave network, akin
to an anthill, exists under the impact melt pits discovered on
the Moon. We obtained accurate Bouguer gravity by calculating
regional crustal density using localized admittance of the study
area and detected weak gravity (mass deficit) signals. The
analysis of seven regions in our study area revealed a mass
deficit in some impact melt pits in four lunar regions
(Copernicus, King, Stevinus, and Tycho). We propose a cave
network in this region, indicated by the gravity decreasing in
the impact melt pits region. Our results can be useful for
selecting landing sites for future in situ explorations of lunar

caves.
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SpaceX Falcon 9 leads the global launch market through
economic efficiency by reusing the first stage. Existing studies
have shown that the 35 tonf-class methalox staged combustion
engine is optimized for the geographical limitation of the launch
site in Korea, where the launch vehicle is designed having the
nine engines in the first stage and one same engine in the
second stage like the Falcon 9. In this case, in the expendable
mode, a payload of 4.7 tons can be put into the 500 km SSO,
and in the reusable mode, a payload of 3 tons can be put into
the orbit when the first stage is landing on a drone ship located
in the downrange of 870 km. Considering the flight safety area
of Okinawa prefecture, Autonomous Spaceport Drone Ship
(ASDS) mode of the reusable launcher can not be accommodated,
the return-to-launch-site (RTLS) mode is a better way to
recover the first stage in Korea. For the RTLS mode, a payload
of 2 tons can be put into the low Earth orbit with a competitive
price. In this study, satellite constellation mission design similar
to Starlink is analyzed by using the proposed ground-based
reusable launcher in the RTLS mode, and the multiple satellite
stacking and separation method in the payload fairing envelop

DRSS SUE. B |

polarization characteristics according to the orientation of the
oscillation. Astronomical observations of polarized light began
in the middle of the 19th century with observations of the moon
and the solar corona. Subsequently, polarization measurement
technology has developed closely with advances in observational
instruments. Korea Astronomy and Space Science Institute
(KASI) has developed a variety of space polarization instruments,
and recently developed a platform-based pixelated polarization
camera for space. In general, polarization instruments rotate a
polarization filter to take differently polarized images, but the
pixelated polarization camera is possible to take four different
polarized images simultaneously because four different polarization
filters are placed for each pixel. Polarization observation can
extract information that cannot be easily identified with visible
or thermal images. In general, since thermal radiation from

artificial objects is partially polarized and thermal radiation
from natural objects has almost no polarization properties,
additional polarization information can be of great help in
distinguishing artificial structures from natural objects. This
polarization technology can be used in various applications such
as mine detection, surveillance systems, and detections of
artificial structures under the surface of the water for military
purposes. In this presentation, we will introduce the pixelated
polarization camera developed by KASI and talk about the

~

9, so far the only ground-based reusable launcher using multiple
Merlin engines. By embracing the SpaceX reusable launcher
development program, a new ground-based reusable launcher is
proposed, which consists of nine 35tonf-class methalox engines
for the booster stage and one vacuum version of the same
35tonf-class methalox engine for the upper stage. The mission
design and performance of the expendable and return-to-launch-
site (RTLS) modes of the launcher are analyzed by optimizing
the fuel consumption under the path constraints of the heat flux
and dynamic pressure. The non-recurring and recurring costs of
the project is estimated by using the TRANSCOST, and the cost
effectiveness of the proposed reusable launcher is introduced in
terms of the manufacturing, operation, refurbishment costs.

Sechan-Song
The Joint Chiefs of Staff

Recently, the commercialization of space due to the development
of space technology has changed human behavior and culture
in the space area. So the need for appropriate space policies
in each field such as military, social, science, and commerce
is increasing. Topic modeling is one of the text mining methods
for discovering the structure of corpus and hidden topics in
machine learning and natural language processing. In previous
studies, it is widely used to search for topics in which research



in a specific field is conducted. In this study, 992 papers from
1985 to 2021 in the international journal ‘space policy journal’
on space policy were analyzed using topic modeling to present
the analysis results of research trends in space policy.

LACL S LI UL e AN U G et SLIT L et

The orbital characteristics and DOP (Dilution of Precision) of
a navigation satellite constellation consisting of inclined
geosynchronous and standard geostationary satellites were
considered. The orbits of navigation satellites in India, Japan,
and Korea that are operating or developing this type of
navigation satellite constellation were analyzed by simulation.
In addition, the orbital arrangement method to obtain the
optimal DOP was studied by estimating the DOP variation
according to the change of the orbital elements of the satellites

NOICd ASUOLIOILY alld opdace oclence 1suLuLe

The ionosphere between 50 km and ~1,000 km is a ionized layer
of the Earth’s atmosphere by the solar X-ray/EUV (Extreme
Ultraviolet) radiation. The ionospheric electron densities are
varied with solar and geomagnetic activities, and have the local
time, hourly, daily, monthly, and yearly characteristics according
to the latitudes. The ionospheric electron densities make the
time delay of GNSS propagation signals between satellites and
receivers. GNSS 1onospheric delay can be measured by Total
Electron Content (TEC). The ionospheric fluctuation of electron
densities triggered by solar and geomagnetic storms can affect
amplitude and phase scintillation of GNSS signals. The ionospheric
delay and scintillation will cause the position errors of the
GNSS. In this presentation, the ionospheric effects on GNSS
together with GNSS ionospheric models will be reviewed.
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reconnaissance satellite architecture. In order to monitor the
military activities of enemy countries, optical image acquisition
over a wide area has been required. A single satellite can
acquire images about 10 km wide, while a Transporter Erector
Launcher (TEL) can easily leave the imager’s view angle. A
military response is only possible when imaging over a
sufficiently large area from time to time. This means surveillance
and reconnaissance activities require multiple satellites rather
than a single satellite. Assuming the image swath is 15 km and
the satellites have sunsychronous orbit, about 160 satellites may
be required to monitor the entire North Korea everyday. Since
medium and large satellites require a huge budget to build such
a satellite network, it is necessary to develop a small satellite
at as low cost as possible. Hence, we propose a 20 kg CubeSats
as a way to design a satellite constellation for these military
purposes. This satellite may be equipped with an off-axis optical
system to obtain excellent images compared to the same
aperture, and it can be used not only for visible light but also
for infrared observation. In addition, it is equipped with a
thruster that can change the orbit from high altitude to low
altitude, so it is possible to acquire high-resolution images even
if the size of the satellite is small.

datellite 1echnology Kesearch Center, KALSI

Rapid increase in space objects as the space industry becomes
active today. But the environment in outer space is rapidly
deteriorating due to space debris generated by some countries
trying to show their ability to destroy space objects to have
hegemony in space. Therefore, active action is required. Korea
also needs to expand its domestic development capabilities
related to the protection of the space environment, such as the
safe operation of our satellites, which are space assets, and the
removal and reuse of satellites that remain as space debris after
the end of the mission. We would like to introduce the return
mission by Wooribyul to verify the technology required to
derive a new business using active debris removal (ADR) and
on-orbit servicing (OOS) technology.



As space objects including satellites and space debris increase
exponentially in recent years, more precise orbit prediction is
required in order to protect the space assets from a catastrophic
collision. Currently, orbit prediction of space objects has been
executed through its orbit determination using tracking data
obtained by radar, electro-optical and laser tracking systems. In
this study, we developed the laser tracking system which can
also provide angular measurements using a gimbal encoder and
analyzed their angular precision. It is expected that the laser
tracking system can improve orbit prediction of space debris
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out-of-control space debris increase, active response technologies
must be developed in preparation. Hanwha Systems is developing
an SLR, AO and Satellite Laser Dazzling system. We will
present the current progress towards the implementation of
these development projects.

Liquivviia UyoLelao
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Yonsei University

Satellite Laser Ranging (SLR) system provides the most

accurate ranging data of space objects. For employing the data
in space surveillance, precise orbit determination process is
required. In this study, a software for orbit determination and
prediction using the SLR data is developed. The current version
of the software includes precise dynamics model, measurement
model, and simple weighted-least squares estimation algorithm.
In this study, each model was validated by comparing to the
Satellite Tool Kit (STK) and analyzing the actual SLR residual,
respectively. The position difference between the ephemeris
generated by each software was less than 1 m within 1 day,
and the rms of the evaluated residual was 4 cm. Lastly, the orbit
determination accuracy was about 100 m for 2 days compared
to the reference ephemeris, In the future, we are going to
improve the estimation algorithm, determine physical properties
of space object, and examine the performance in the operational

environment

The Optical Wide-field patroL-Network (OWL-Net) is global
robotic telescope network for observing Korean Low Earth
Orbit (LEO) satellites and monitoring Geostationary Earth Orbit
(GEO) region as the first Korean Space Situational Awareness
(SSA) facility. The four of five stations of the OWL-Net were
evenly spaced in the longitudinal direction. With the OWL-Net,
the entire GEO belt, except for parts of the Pacific Ocean, can
be monitored during local night time. The astrometric position
of Space objects on GEO and some objects on GSO can be
checked by the GEO surveying for space situational awareness.
We presented here test observation and data reduction results
for identifying and combining the mosaic images.
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As the importance of survaillance of the space objects falling
onto the ground increases, not only the safety of people and



their properties but the scientific purposes have become crucial
simultaneously. In addition, accordingly, considerable number
of countries already have established or are being constructed their
own all-sky survaillance systems. Hence, we have established our
own all-sky survaillance network system for detecting meteors
or fireball events on the Korean peninsula.

Korea Meteor Monitoring and Observation Network (K-M?ONet)
is now being operational at 10 observatories and its number is
planning to be expanded in the nearer future. The network
monitors meteors and fireballs events 24/7 and they also
provide the time and the coordinate information of the events.
We introduce the coordinate standardization process for each
observatories to demonstrate how the meteor coordinates are
estimated and, we also show an example of the orbital feature
estimation of the meteor such as initial detection location and

the annroximate altitnde at that fime

'Xorea Advanced Institute of Science and T echnology
2Korea Astronomy and Space Science Institute

A rapid expansion of the global space business significantly
increases the spatial density of Earth’s orbit, increasing the
collision risks between space objects, threatening space assets
and, ultimately, space environment sustainability. Although under
the insufficient space debris mitigation activities in practice,
multiple companies are scheduled to launch thousands of satellites
in the near future, including mega-constellation satellites such as
Starlink, In this research, the space object environment is
modeled using the source-sink model. The source-sink model
simulates new launches, collisions, and decays using the
incoming and outgoing fluxes in the specific orbit regime. A
case study is conducted to simulate the future space environment
to evaluate the risk in the LEO region, which is considered the
most congested.

and IC1 to carry out all crisis alert levels and crisis management
stages alone. In this regard, we will examine the legal system
of similar disasters and look at the direction of improvement.

Jung Hyun Jo

Korea Astronomy and Space Science Institute

We, the center for space situational awareness in Korea

satellites and asteroids. Ever since the inarguration of the center,
a continuous monitoring system for GEO belt near Korean GEO
satellites has been required. In this presentation, author will
bring up a simple idea on a single purpose system for GEO
belt monitoring and a brief engineering analysis on the system.
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if the distance between a target and a chaser satellite is
relatively small than the distance from the Earth centre to the
target. However, this condition requires a time consumption for
chaser satellite’s orbit transfer to approach a target. In order to
avoid the time consumption, far range rendezvous is necessary,
and the variables which are removes in Clohessy-Wiltshire
equations are derived in the target’s LVLH (Local-Vertical-
Local- Horizontal) frame. One condition is assumed that the
target velocity direction position component in the LVLH of
a chaser satellite is 0, and it linearizes the equations with initital

IUILa Upale O atiUll CCIILCL, I\W\JIN L L ICauUy U ted

The competition between nations for preemption in space
continues, and as a result, space risks and threats are increasing



space securily 1s national security and 1s closely related to the
space industry. The Air Force is planning Space Odyssey 2050
for space operations and is building space power in stage. The
Air Force has been operating Electro-Optical Satellite Surveillance
System (EOSS) since January 2022 to acquire space surveillance
capabilities. However, its operation is limited due to the
influence of weather and observation time. A space surveillance
radar system capable of performing all-weather space monitoring
needs to be developed jointly with the civilian and military. It
takes into account huge financial requirements and business
redundancy. A synergy between national security and the space
industry can be created through the following: civil-military
combined technology development project, space domain
awareness using military early warning radar, provision and
expansion of information sharing system for space domain
awareness with related organization, creation of policy and
system conditions, etc.

Already equipped v1.5 starlink satellites have been launched
and Telesat-LightSpeed LEO satellite with LCTs has been
announced. The Space Development Agency (SDA) released
the standard about L.CTs for Transport Layer constellation. The
LCT 1s the core equipment for the 6G LEO satellite
communication systems and relay system of LEO-GEO satellite
communications to be developed in Korea. Many foreign
companies such as TESAT and Mynaric have already developed
many LCTs for satellite payloads, so the technology maturity
is high, but we haven’t done much research yet. In this paper,
we will present the analysis results based on the trend of key
technologies of LCTs. Through the analysis, we have a plan
to derive specifications of the LCT for the satellite payload to
be developed.

CUINVIEC Co., Ltd

Recently, the demand of high bandwidth transmission link
between space to ground has been soaring to satellite
communication area. Free space laser communication has
advantages for long distance communication by very low signal
loss and high bandwidth. For that reason, part of next
generation satellites are designed with laser communication
transmitter (LCT). CONTEC’s first earth observation satellite
which will be launched in 2024 integrated with 100 Mbps
datarate LCT payload, the first space laser communication
demonstration in Korea which transmits enormous size of image
sensor data. Also, CONTEC has been developing optical ground
stations (OGS) for support of LCT mission.

Korea Astronomy and Space Science [nstitute

Space laser communication is becoming an attractive alternative
to traditional radio frequency communications, due to its higher
data rate, license free spectrum, better security and smaller
terminals. Recently, many space programs have been planned
and launched to develop and demonstrate advanced technologies
of space laser communications. Because of the extremely narrow
optical bandwidth and atmospheric turbulence, precise beam
steering and atmospheric mitigation technologies are required
to ensure a reliable and stable laser communication link. In this
paper, we will briefly introduce the space laser communication
and present key technologies in terms of precise beam steering
and atmospheric mitigation.

Korea Astronomy and Space Science Institute

During the laser beam propagates through turbulent atmosphere,



it experiences beam wandering, scintillation (i.e., intensity
fluctuations and phase distortions), and beam spreading. It is
considered that the beam wandering is the most significant error
source to degrade the performance of laser communication
system. The tip-tilt mirror can compensate the angle of arrival
caused by the beam wandering. Atmospheric turbulence can be
considered as a spatial noise imparing the optical signal. So the
adaptive optics (AO) filter function like transverse spectral
filters can be applied to remove the spatial noise, which is
derived from the Fourier transform of Zernike polynomials. The
log-irradiance variances compensated by the tip-tilt mirror is
achieved by employing the AO filter funciton. In this study,
the performance of bit error rate is analyzed based on the
atmospheric turbulence model of log-normal distribution for the
pulse position modulation (PPM) link.

The Korean Pathfinder Lunar Orbiter (KPLO), Danuri, was
launched to the Moon on August 5, 2022. Danuri will arrive
at the moon in the middle of December 2022 after a 4.5-month
journey in the BLT orbit.

Danuri has five payloads developed by Kyung Hee University
and research institutes, including KARI and one payload from
NASA. KMAG is a magnetic field measurement instrument that
consists of 3 magnetometers inside a 1.2 meter boom structure.
Four hours later, after launch, the KMAG boom was deployed
successfully, and then the initial operation started immediately.
During operations, the KMAG observed magnetic disturbances
passing through the magnetopause and bow shock region and
it is also taking observation data in interplanetary magnetic field
in space.

The magnetoresistive sensor, which is in the fluxgate control
electronics box, also shows magnetic field variance according

Although there are unexpected new features m the observation
data as a first magnetic field observation outside of Earth, we
are carrying out data processing using the calibration factors
made in consideration of various matters, and the observation

alter ~4.>-month mterplanetary travel 1o the Moon, Danurt will
be inserted into a highly elliptical polar orbit circulating the
Moon and then reach a stable circular orbit at an altitude of
~100 km on 1 January 2023. The observations of the
interplanetary magnetic field and geomagnetic field around the
Moon and of the lunar magnetic field aboard Danuri are
performed by KMAG consisting of three fluxgate magnetometer
sensors on an approximately 1.2 meter long boom. The boom
was successfully deployed ~4 hours after launch, and KMAG
have observed the magnetic field in space. The KMAG team
has corrected the observed magnetic field data to remove
time-dependent and/or steady magnetic disturbances originated
from the spacecraft body and magnetic sensors mounted on the
boom by comparing the interplanetary magnetic field detected
by the DSCOVR satellite near the 1.1 orbit. This paper presents
the initial results of the cleaned KMAG data, including the
magnetopause and bow shock crossings in the near-Earth space
and the interplanetary magnetic field observed in solar wind.

The Danuri, which is also known as the Korea Pathfinder Lunar
Orbiter (KPLO), was launched on August 5, 2022 (8:08 KST)
by a Falcon 9 Block 5 and is cruising the BLT orbit. KMAG,



three Iluxgate magnetometers. Lhese sensors are inside a 1.2
meter boom structure which is installed on the top panel (+X)
of KPLO. KMAG boom deployment was carried out four hours
later after launch. And then, KMAG is taking observation data
continuously except special S/C activity periods.

KMAG raw data requires some calibration process to release
as public science data. The KMAG data processing level has
three major steps. These are Raw, Partially Processed (PP), and
Calibrated (CAL). Raw data refer to the level-0 data that is
done through binary parsing and data extraction. PP data at
level-1 means that a coordinate transformation and attitude
correction had been applied from raw data using the SPICE
kernels of the KPLO spacecraft, the ancillary data provided by
KDGS.

In the last step, the CAL data is calibrated using the temperature
effect and ambient field correction. It is defined as level-2 data,
1.e., end-user data.

Although it needed the final ancillary data set to do more
accurate data processing, we carried out data processing up to
PP level with several formulas and SPICE toolkit. Preliminary
results show a reliable data conversion process.
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School of Space Research, Kyung Hee University

The Moon has surface magnetic fields regions, called lunar
magnetic anomalies. Lunar swirls are high-albedo features and
are colocated with lunar magnetic anomalies. Reiner Gamma is
a well-known lunar swirl, which has the strong magnetic field
around the lunar surface. In this region, plasma particles can
be reflected or deflected by the surface magnetic field. Lunar
Space Environment Monitor (LUSEM) will be landed on Reiner
Gamma in 2024 through the Commercial Lunar Payload
Services (CLPS) program. LUSEM will observe the protons and
electrons with energies greater than 50 keV in the magnetotail.
However, there have been little studies on the plasmas around
the Moon in the magneototail. In this study, we calculate the
trajectories of high-energy plasmas around the Reiner Gamma
using test particle simulations. We perform backward-tracing to
examine which particles can reach LUSEM considering the
field of view of LUSEM. In addition, we examine at what
boundary of the simulation domain, the incident particles can
reach the LUSEM.

Ayung Hee university

Danuri, the first Korean lunar mission orbiter, was successfully
launched on August 5, 2022 at Cape Canaverl, USA. It is
scheduled to enter the lunar orbit for normal operation in
December 2022. PolCam operation team has confirmed that the
PolCam works well after the launch campaign. The PolCam will
collect polarimetric and photometric data using three passbands.
The spatial resolution at the center of the image is 68 m/pixel
at 100 km orbit and the polarimetry accuracy is approximately
1%p. We developed the data processing software and procedure
with the Integrated System for Imagers and Spectrometers
(ISIS) and SPICE Kernels. We present in detail the operation
and the data handling procedure.

We performed a unique Venus observation campaign to
measure the disk brightness of Venus over a broad range of
wavelengths in August and September 2020. The primary goal
of the campaign is to investigate the absorption properties of
the unknown absorber in the clouds. The secondary goal is to
extract a disk mean SO2 gas abundance, whose absorption
spectral feature is entangled with that of the unknown absorber
at the ultraviolet (UV) wavelengths. A total of 3 spacecraft and
6 ground-based telescopes participated in this campaign,
covering the 52 to 1,700 nm wavelength range. After careful
evaluation of the observational data, we focused on the data sets
acquired by 4 facilities. We accomplished our primary goal by
analyzing the reflectivity spectrum of the Venus disk over the
283-800 nm wavelengths. Considerable absorption is present in
the 350-450 nm range, for which we retrieved the corresponding
optical depth by the unknown absorber. The result shows a
consistent wavelength dependence of the relative optical depth
with that at low latitudes during the Venus flyby by
MESSENGER in 2007, which was expected because the overall
disk reflectivity is dominated by low latitudes. Last, we
summarize the experience obtained during this first campaign
that should enable us to accomplish our second goal in future



campaigns.
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These days, interest in science culture or science communication
is increasing rapidly. We need to consider that what is
important to create an ecosystem that makes science and culture
sustainable. It is still unfamiliar to the general public, but what
should we do to create a scientific and cultural ecosystem? In
this presentation, I would like to share my experiences using
broadcasting, media, books, lectures, and academic conferences
as a bridge between scientists and the general public.

Hyun-Ok Kim

Korea Aerospace Research Institute

Our society has been changing rapidly based on the technology
development, so we need to have understanding on science and
technology along with the convergent thinking ability. To expand
science as a culture particularly for the future generation,
science communication can play an important role for bridging
the gap between research trends and school curriculum as well
as bringing together natural science and liberal arts.

With my book on satellite based earth observation for the

and the most impressive leedback was irom female students at
a high school of the liberal arts. In my talk I will share my
story as a science communicator and present why I emphasize
the message of “new space needs new faces”.

Scientific content can be accessed on various media such as
YouTube, broadcasting, and books. These platforms are selected
according to the producing purpose and target. Content is
planned and produced to appropriately utilize the platform. In
particular, content produced for the purpose of evoking empathy
rather than information delivery is suitable for plays in which
actors directly convey emotions through acting in front of the
audience.

In this talk, I will share the experience of producing plays:
Quantum Warfare and Six months before the Launch. The
influence of the play, including the experiences of professional
actors, audience reviews, and reactions of scientists and theater
groups, will be explored. I will also discuss the possibilities of
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In this presentation, I will talk about what it means to write
a popular science book in an environment where video-based
content is the mainstream. I will also talk about the meaning
of being the author of science books from the perspective of
science communication. I will consider what popular science
books to write based on the tentative answers to these questions.
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most studies focused on geophysical studies such as aurora
australis, upper atmosphere, and geomagnetism. Gradually,
research expanded to include fundamental sciences on the
continental geology, glaciology, meteorological observation and
life sciences and ecosystems in the Antarctic and the Southern
Ocean. In the 1980s, as the ozone depletion over Antarctica was
publicized, the importance of Antarctic science as a measure
of global environmental change began to emerge. Since then,
Antarctica became one of the most important research subjects
on global environmental change. In particular, the melting of
Antarctic glaciers due to global warming is drawing much
attention that causes sea level rise. More recently, acidification
of the Southern Ocean and resulting rapid changes in the
ecosystem, the reduction of the West Antarctic ice sheet, and
changes in the deep ocean currents in Antarctica have become
important topics of research.

Korea joined the Antarctic Treaty in 1986 and began its
research activities by establishing the King Sejong station on
King George Island in 1988. Korea also joined the Scientific
Committee on Antarctic Research (SCAR) in 1990 and began
to participate in Antarctic society as a full-fledged member.
With the establishment of the Korea Polar Research Institute

both in terms of its content and location has greatly expanded,
and many international collaborative research has been carried
out. With the completion of the Jang Bogo station in the
western Ross Sea in 2014, Korea focused its research on
geophysics, glaciers, and notably upper atmospheric physics at
this base while the King Sejong station, located in a relatively
lower latitude region, focused its research on ecosystem
changes caused by warming. In order to better observe large
glaciers situated near the Northern Victoria Land on which the
Jang Bogo station is located, a dense observation network was
established with unmanned meteorological observing devices,

GPS, land and ocean bottom seismometers, and CTD in the
surrounding waters to observe the behavior of the glaciers.

Since 2017, the K-Route project is on-going with a goal to
establish a third station interior of Antarctica, more than 1,000
km inland from the Jang Bogo station. The planned inland
station will be a valuable research laboratory for deep ice
drilling, meteorological, astronomical and space observations,
and microbiological research in extreme environments. In this
light, Korea Polar Research Institute plans to form a research
consortium with the Korea Astronomy and Space Science
Institute, the Korea Institute of Civil Engineering and Building
Technology, and the Korea Railroad Research Institute to
establish the inland station. The outcome of the K-Route project
and the completion of the Antarctic inland station will be key
milestones for Korea moving toward the future of Antarctica.

Dea-Kwan Kim

Korea Aerosapce Research Institute

The Korea Pathfinder Lunar Orbiter (KPLO), or Danuri as a
Korean name, is the first Korean lunar probe to carry out five
lunar observation missions and one technical validation mission
in a circular orbit with an altitude of 100 km from the Moon’s
surface. Korea Aecrospace Research Institute (KARI) started
developing the KPLO in 2016 as a cooperative project between
KARI, a Korean university and research institutes, and NASA.
KPLO consists of a Bus system and six payloads; LUTI
(KARI), PolCam (KASI), KGRS (KIGAM), KMAG (KHU),
and ShadowCam(NASA). Using Falcon 9 of SpaceX, KPLO
was launched in Florida, the USA, on 5 August 2022 and then
successfully inserted into the Balistic Lunar Transfer (BLT) orbit,
a space path toward the Moon. KARI successfully performed two
trajectory correction maneuvers (TCM) and took the Earth-Moon
photo using the LUTI camera at 1.24 million km from the
Earth. KPLO is on the way to the Moon and will arrive at the
lunar mission orbit by the end of this year.
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is a plasma measuring instrument of Ionospheric Anomaly
Monitoring by Magnetometer And Plasma Probe JAMMAP), a
scientific payload of the Compact Advanced Satellite 500-3
(CAS500-3) which will be launched in 2024. AIPIM measures
plasma electron density of ionosphere for monitoring EIA, one
of the ionospheric irregularities. AIPIM consist of two plasma
probes: disk type Langmuir Probe (LP) and helical type
Impedance Probe(IP). The IP has the advantage of measuring
plasma density when ground voltage changes due to the
spacecraft charging. Moreover, the superheterodyne circuit in IP
increases the observation accuracy. Since it is the first time to
develop IP in Korea, LP will be mounted to verify the
performance of the IP and to compare the data of two plasma
probes in the same environment. EQM model of AIPIM has been
developed and this presentation shows an electronic development
of AIPIM from the preliminary design and plasma chamber test.

4 Satellite Tt echnology Research Center, KAIST

The LEODOS (Low-Earth Orbit Space Radiation Dosimeter) on

1S scheduled 10 be launched In early ZUZ3 by means ol the Nurl,
KSLV-IIL, is designed to measure space radiation dose in
low-earth orbit. The primary objective of the LEODOS is to
map the in-situ space radiation dose by charged particles and
neutrons in LEO where most of the preparatory activities for
future interplanetary missions are currently taking place. To
perform these measurements, the LEODOS is equipped with a
particle dosimeter (PD) and a neutron spectrometer (NS). The
PD instrument is designed that the 650 um thickness of Si
sensor with an effective area of 20 mm x 20 mm is embedded
in a 10 mm thickness of tissue-equivalent plastic. This design
enables to measure the ambient dose equivalent H*(10) for
charged particles, The neutron spectrometer, which consists of
a 1.5” Stilbene organic scintillator with a plastic veto detector
will measure an equivalent dose for the fast neutrons in the
range of 1-10 MeV. The FM of LEODOS mounted on a
NEXTSat-2 satellite has completed final thermal/vacuum and
vibration tests. The LEODOS is expected to be the unique
instrument that provides an accurate and comprehensive

for CLPS in Korea) to investigate the radiation environment of
the Moon’s surface.

This work was supported by the National Research Foundation
of Korea (NRF) Grant funded by the Korea government (MSIP)
(NRF-2017M1A3A4A01077173) and (NRF-2020M1A3B7108845).
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with three majority of commercial flights altitudes (FL310,
FL350, and FL390). The data have been widely used for
comparison between measurements and model calculations. In
this study, we compared ambient dose equivalent rate from four
different models of AVIDOS, JISCARD, KREAM and
NAIRAS with the ICRU reference data. As a result, JISCARD
shows the highest dose rate for all conditions. Dose rates from



trom NAIKAS 1s most msensitive for the changes. Ditference
of dose rate with a cutoff rigidity is the highest in NAIRAS.
On the other hands, ICRU reference dose rate shows minimum
changes. When it comes to correlation with ICRU reference
data, values from JISCARD have most in common with a
perspective of correlation coefficient. In terms of x2, AVIDOS
shows the lowest values based on the reference data.

This work was supported by the project “A Study on the
Forecasting Model of Space Radiation and the Improvement of
Measuring Equipment”, funded by the Korea Foundation of
Nuclear Safety.

Equipment (OGSE). Finally, the result of OM performance is
also analyzed.

12:00 [IV-1-5]
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Environmental Monitoring Spectrometer for Aircraft Platform
(EMSA) is under developing by Korea Aerospace Research

Institute (KARI). It is a offner type hyper spectral imager with
spectral resolution less than a nano-meter. It will fly to monitor
atmospheric chemistry precursors of air-pollution under its
flight path and its product will be used to support and cross-
check of the Geostationary Environment Monitoring Spectrometer
(GEMS) on-board the Geo-KOMPSAT-2B. In this presentation,
key-requirements, design concept, and integration process of the
EMSA are briefly introduced.

“Performance evaluation” consists of 4 stages (R&D planning
stage, execution stage, termination stage, and utilization stage).
In addition, the evaluation is carried out by the “central
administrative agency (government department)” that promotes
national R&D projects and the “Science and Technology
Innovation Headquarters” that checks and evaluates the
performance of the program.

The “Midterm evaluation” as part of “Performance evaluation”

“high-level evaluation” is conductend by the “Science and
Technology Innovation Headquarters” to check the adequacy of
the process/evidence/result.

The results of the “Midterm evaluation” are reflected in the

The “Midterm evaluation” of “CAS development program” was
conducted twice. the first ‘Midterm evaluation’ was conducted
in 2018 after the start of the “Ist stage development program”
in 2015.

The 2nd “Midterm evaluation” was conducted in 2022 after the
start of the “2nd stage development program” in 2019.
After completing the standard platform design of the CAS
Series, the first evaluation conducted in 2018 was “normal”

a result, the second Midterm evaluation conducted in 2022, the
result was “excellent” grade.
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of space weathering caused by solar wind particles or
micro-meteorites. The wall quadrants of a lunar crater
provide the advantages of being exposed to space
weathering for the same duration and being affected by
different fluxes by slope of a crater wall. Previous studies
have found latitudinal and longitudinal dependencies of
optical properties on the lunar surface. Following Sim et
al., who studied the space weathering asymmetry inside
lunar craters, we make use of the extended lunar crater
database to consider a total of 26,802 craters, ~15 times
more numerous craters than the previous study. In the
present work, we reproduce the previous results with
improved techniques in outer-rim finding, inner-structure
defining, and wall-quadrants dividing. Furthermore, we
find that northern and southern hemispheres seem not to
be symmetrically affected along the ecliptic plane. In our
speculation, this result is caused by asymmetric impacts
of meteoroids in the northern and southern hemispheres
on the Moon.

The environments of lunar surface are its rotation, thermal,
ultraviolet radiation, ionizing radiation, micro meteoroids & space
debris, terrain, high vacuum, and lunar dust. The development

gaps I lunar rotation, thermal transler, meteoroids & space
debris, terrain, and lunar dust. Therefore, the electronics and
mechanical components in a lunar rover should satisfy not only
the environmental requirements of Earth around spacecraft but
also the environmental requirements caused by lunar surface
characteristics. In this research, the requirement diagram of
Model Based System Engineering (MBSE) is applied using
top-down approach to analyze interdependencies between the
subsystems of a lunar rover and lunar surface environmental
requirements. This analysis is assumed that each subsystem has
no constraint for the requirements, and the highest centrality
subsystem influenced by the lunar surface environments is

° Purdue University

The Moon does not have a global magnetic field like the Earth,
but there is the magnetic anomalies in the Moon’s crust. The
Moon’s anomalies can generally be categorized in four ways:
strong isolated anomalies, anomalies within large lunar basins,
demagnetized basins, and demagnetized craters (< 300 km-
diameter). In this study, we focus on demagnetized craters
related to absence of crustal magnetization of impact crater
interior. In order to simulate the impact crater formation process,
iSALE (impact simplified arbitrary Lagrangian Eulerian)-2D
hydrocode was used. iISALE is a multi-material and multi-theology
shock physics code. We obtained simulation results similar to
the shape of Chaplygin, Gauss, and Fermi craters with
demagnetization state by optimizing the values (e.g. diameter
and velocity) of impactor, acoustic fluidization parameters and
etc. As a result of the simulation, the distribution of shocked
material, the peak shock pressure, and the peak temperature
could be derived over time. Based on these results, we present
the effect of demagnetization due to impact cratering. Also, we
expect further detailed studies of these craters to contribute to
basic magnetic models to help test different hypotheses for the
magnetization in the craters.
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secure sufficient amount of optical navigation duration before
the eventual rendezvous. Fuel-optimal solutions without
consideration of this pre-rendezvous optical navigation often
results in a transfer trajectory that approaches the target asteroid
too rapidly from an arbitrary direction, rendering the use of
optical navigation nearly impossible. This issue requires use of
braking maneuvers that allows a gentle arrival of the spacecraft
at the target asteroid. In this study, we compare unconstrained
and optical-navigation-constrained fuel-optimal trajectory solutions
to find out that changing the last leg duration can effectively
control the fuel use of the constrained transfer trajectory.
Further analysis reveals that an ideal extension of this duration
can be different for asteroids, possibly due to their geometry.
Based on the results, we present an efficient procedure of
preliminary trajectory design under optical navigation
constraints, which can help trajectory designers to get a quick
estimate on the increase in fuel requirement and transfer
duration.

Department of Astronomy, Yonsei University

This study addresses Galerkin Lie Group Variation Integrator
(GLGVI), a higher-order integrator based on Lie group, for
propagating both orbit and attitude trajectories of asteroid
probes. It is developed for analyzing orbit-attitude interactions
near an asteroid. Compared with the planets, asteroids possess
distinct dynamical characteristics; their anisotropic shapes and
relatively small masses make it highly difficult to predict
translational/rotational motions of asteroid probes, especially in
proximity operations; small masses also exaggerate the influence
of the orbit-attitude interactions. Numerical simulations reveal
that the GLGVI is competitive, among many kinds of integrators,
for studying orbit-attitude coupled motions of asteroid probes.
This higher-order integrator conserves the total energy when
propagating a probe near the Itokowa (25143) for 50 days. It
is able to conserve the unity condition of the magnitude of
quaternions, whereas ODE45 in Matlab, a conventional,
well-known integrator based on Runge-Kutta, is not. The
properties of dynamic perturbations such as gravitational
harmonics, solar radiation pressure, and the third body effects,
and the interactions between orbit and attitude motions are

analyzed and illustrated in detail. The interaction becomes
greater than typical third-body effects near a planet, as the
probe becomes closer to 2.43 km from the center of the
Itokawa.

orbit. In the mean time, an independent access to space has
been realized upon the success of the Nuri flight test. There
is a great opportunity to deploy a small probe for miniaturized,
high-performance scientific payload by this medium-lift launch
vehicle. For example, in June ‘22, the CAPSTONE (25 kg) was
sent out for preliminary verification of the orbit (NRHO) to be
used in Artemis program on a Rocket Lab’s small-lift launch
vehicle that can deliver payloads of up to 200 kg into 500 km
sun-synchronous orbit. In addition, the company is preparing
for a self-funded science mission with atmospheric entry
capsule of 20 kg to Venus in 2023 on their high-energy small
spacecraft called Photon using its launch vehicle. In the
meantime, micro/small satellites for deep space exploration have
been mainly launched in the form of rideshare with large launch
vehicle, so it has been difficult to secure a target orbit for deep
space exploration. However, dedicated launch is possible by
using a small-dedicated launch vehicle, making it easy to secure
a target orbit for deep space exploration at a reasonable launch
cost. The Small Launcher R&D Office in KARI is considering
the development of a small launch vehicle that can deliver
payloads of up to 500 kg into 500 km sun-synchronous orbit.
This launch capability is bigger than Rocket Lab’s small launch
vehicle. Therefore, the Venus entry mission maybe possible
using Nuri and small launch vehicles developing in KARI. In
this study, the feasibility of Venus entry mission is examined
based on our indigenous launch capability.
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The Sun-Earth Lagrange point 14 is considered as one of the
unique places where the solar activity and heliospheric
environment can be observed in a continuous and comprehensive
manner. The [.4 mission affords a clear and wide-angle view
of the Sun-Earth line for the study of the Sun-Earth and
Sun-Moon connections from remote-sensing observations.
In-situ measurements of the solar radiation, solar wind, and
heliospheric magnetic field are critical to monitor and forecast
the radiation environment for safe human exploration of the
Moon and Mars. The 1.4 mission will significantly contribute
advancing heliophysics science, improving the capability of
space weather forecasting, and extending space weather studies
far beyond near- Earth space. This white paper outlines the
importance of L4 observations and advocates comprehensive
and coordinated observations of the heliosphere at multi-points
including other planned L.1 and L5 missions.

The Sun-Earth Lagrange point 14 is considered as one of the
unique places where the solar activity and heliospheric space
radiation environment can be observed in a continuous and

clear and wide-angle view ol the Sun-karth line for the study
of the Sun-Earth and Sun-Moon connections in a very stable
location. In-situ measurements of the solar radiation, solar wind,
and heliospheric magnetic field are critical to monitor and
forecast the space radiation environment for safe human
exploration of the Moon and Mars. The study of the Sun and
Solar activities, which directly affect near-Earth space
environment through phenomena such as Corona Mass Ejection
(CME) and Solar Energy Particle (SEP), is a key research area
where knowledge of the academic domain is applied to space
exploration. In this presentation, we will review the field
exploration space science installation that has been operated or
is scheduled to be operated in deep space areas including
Lagrange Points. Through the scientific review of the in-situ
payloads, we would like to gauge the possibility of Korea's
deep space exploration in L4 and examine the knowledge and
technology of the areas that are lacking at current status.

119N h/_o_n1

the eftects of karth-tacing halo CMLES or SEP events on space
weather hazards, taking advantage of these two vantage points
for space-weather monitoring and advanced forecasting is one
of the important goals we should succeed in shortly. Compared
to L5, L4 has some advantages in monitoring and forecasting
SEP events and their sources, such as flares or CMEs. Source
active region of severe SEPs that is magnetically connected to
the Earth often locates near the west limb, which cannot be seen
from L5. From [4, on the other hand, any pre-eruptive
characteristics of source active regions and their atmospheric
composition can be investigated in detaill with a minimum
projection effect. Korean researchers in heliophysics and solar
physics recently submitted a white paper on NASA Heliophysics
2024 decadal survey, suggesting our vision and willingness to
carry out this vast and vital mission. We review some of the
already-suggested international space missions from the viewpoint
of remote-sensing observations and want to diagnose our
capabilities and directions in remote-sensing solar science.
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to develop Lunar Infrared Spectrometer (LIRS), Gamma-ray
Spectrometer (GRS), Neutron Spectrometer (NS) for future
Korean lunar exploration since July of 2015. As a part of the
space-core technology project, the goal is to develop the
engineering models of them. Currently mechanical and electronic
parts of LIRS are ready to assemble, and proto-models for GRS
and NS are developed. Main sensors, such as IR sensor and
HPGe sensor are delivered and tested. In addition, three
instruments are successfully designed to satisfy the required
mass, and power budget for spacecraft. In this paper, we will
briefly present the current status in development of the
instruments and the plan for the next year.

The fourth Lagrange point (L4) is a stable point located 60
degrees ahead of the Earth’s orbit about the Sun. [.4 is an ideal
location for performing heliophysics/spheric observations. When
located ideally, the spacecraft would also be able to serve as
a observatory that oversees the entire solar radiation hemisphere
for protecting the Moon and Mars exploration astronauts from
radiation exposure. In this paper, we will summarize the
trajectory design procedure for inserting a spacecraft into a
stable periodic orbit about [.4. Both chemical and electrical
propulsion systems were considered and compared to their
necessary propellant mass to place a 2,000 kg spacecraft in the
desired stable orbit. Inclined periodic orbits for solar pole
observation were tested to determine the required inclination
about the ecliptic plane.
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and heavy ions with an energy range from a few hundred keV
to GeV. They are accelerated in magnetic reconnection regions
and by Corona Mass Ejection (CME)-driven shocks. The SEP
events are one of the crucial phenomena in terms of space
weather. They are likely to have large fluences and can pose
serious radiation hazards. In particular, SEPs accelerated in the
west and near the west limb can cause rapid and strong flux

enhancements to the Earth. The events propagated along with
Parker spiral magnetic fields into the interplanetary space can
impact planetary systems and human explorations. The multiple
observations for the Sun at [.4, L5, and L1 positions have a
good advantage in studying SEPs in the heliographic view:
longitudinal dependence of SEP flux. In addition, the observations
can contribute to the monitoring and forecasting of SEP fluxes
on a near real-time basis. Here we present the studies of SEPs
using multiple remote sensing and in-situ observations during
the solar cycle 24. We also show the source regions of SEPs
using synchronic Potential Field Source Surface (PFSS) by deep
learning model in the heliographic view for the applications of
the L4 mission.

on conditional generative adversarial networks, e.g., Pix2Pix,
Pix2PixHD, and Pix2PixCC. We have shown that we can track
solar active regions and study their magnetic flux evolution
over the solar surface using our artificial intelligence (AI)-
generated solar farside magnetograms together with frontside
magnetograms. We have applied the Al-generated ones to a part
of the boundary conditions for the coronal magnetic field
extrapolations, and shown that our results are much more
consistent with coronal observations than those of the
conventional method. Remote sensing observations outside the
Sun-Earth line such as the 1.4 mission have the following
advantages in view of deep learning applications. First, we can
generate real-time basis global magnetic field data to cover the
full Sun using our Al-generated magnetograms from the
STEREO and magnetograms from the 14, L5, and near Earth
observatories. The improved global data will be useful as better
input conditions for the solar coronal and heliospheric models.
Second, to overcome projection effects at the limb of the Sun,
we can train a deep learning model to generate from the
westside solar data to the central side ones from L1. Then we
can apply the model to the westside data from L1 and get
extended better quality westside data. We expect that the model
can be used not only for the west, but also for the east, north,
and south of the Sun. Third, we can generate images, of which
instruments are not mounted on the 1.4 mission, by the model
trained with data pairs from the frontside. For this application,



we propose candidate channels in UV and EUV observations.
And we suggest several prospects of these applications for solar

physics and space weather operation.

The tracking and pointing accuracy of the mount has been
modified to be superior from the original telescope. The
existing incremental encoders at both axes are changed to an
absolute type, and the five-phase stepping motors for driving
has been replaced to BLDC motors. Through this work, the
pointing accuracy satisfies below RMS 10 arcsec, and the
tracking accuracy satisfies within 1 arcsec for 10 minute
exposure. Finally, it was confirmed that a 10 minute exposured

Dynasty were excavated m Insa-dong, Jongno-gu, Seoul. All
excavated artifacts were in pieces and fragments. The recovered
fragments formed two complete rings and one partial ring. The
Ilseongjeongsiui is an astronomical instrument created in 1437
during the reign of King Sejong of the Joseon Dynasty. The
device was used to measure time by observing the sun during
the day and the stars at night. The excavated relics were three
rings with detailed scales. The model of Ilseongjeongsiui
restored in the 1990s had unclear scales and a handle for
rotating the rings. It was also possible to examine the rotating
structure and the method used to fix the rings. According to
the Veritable Records of King Sejong, four Ilseongjeongsuii
were produced. Except for the two sent to the barracks, the
excavated relics are presumed to be one of the two used at
Manchunjeon in the palace and Seoungwan, the astronomical
office. We designed the reproductions of the excavated rings
and will produce an improved restoration model based on this
design.

sundial) recorded in the Sejong-Sillok (veritable records of
King Sejong) of the Joseon dynasty (1392-1910). According to
the literature, the Angbuilgu was first created by Yi Sun-Ji (a
Joseon astronomer) and his colleagues in 1434, the 16th year
of King Sejong’s reign. Although it does not mention hour
lines, these would have ideally been marked on the basis of
the 100 Gak (hour) system, an hour system dividing a day into
100 intervals, of the Datong calendar enforced at that time. In
all extant Angbuilgu, on the other hand, hour lines are marked
on the basis of the 96 Gak system of the Shixian calendar
introduced in 1654 but the latitude values of Hanyang (capital
of the Joseon dynasty) differ according to the period. Besides
these changes, we find a variation in the structure. Different
from extant Anguilgu, a pinhole-plate was installed at the tip
of the gnomon in the early Angbuilgu. A similar structure is
also mentioned in the inscription of the Yangyi (a Chinese
scaphe sundial) recorded in the Tianwenzhi (astronomy treatise)
of the Yuan dynasty (1271-1368). In conclusion, we believe



We surveyed astronomical accounts from the Hyeonjong-
Donggung-Iigi, daily records made by the Sigangwon (Royal
Educational Office of Crown Prince) at which king Hyeonjong
was the crown prince. Of the records of 3,657 days from 1649
to 1659, we collected 3,044 accounts from the records of 2,003
days. This number is approximately five times more than that
of the Joseonwangjo-Sillok (Annals of the Joseon Dynasty) for
the same period. We classified these accounts into 16 categories
and then grouped them into five phenomena: atmospheric
optics, daylight appearance, apparition, appulse, and eclipse.
The accounts of atmospheric optics group occupy about 50%
in total. In addition, most of the accounts of this group are

omitted in the records of the Joseonwangjo-Sillok. In this study,
we will present our findings regarding with the properties of
the accounts belonging to each group.

12:00 [IV-4-5]

recorded in Korean history books since 2018. The goals of this
study can be divided into two main categories; first, to collect
records and provide them, and second, to analyze the collected
data and identify it from modern stars. Currently, most data on
stars, planets, astronomical objects recorded in the Joseonwangjo-
Sillok (the annals of the Joseon dynasty) have been collected.
The duration of the collection was longer than expected, as
there were more records in history books than expected, and
there were records using various expressions. However, more
detailed data collection became possible. In this study, the
records of stars, planets, and other astronomical objects
collected in the Joseonwangjo-Sillok are briefly reported.
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such as India, China, and the United Arab Emirates. SpaceX
of the United States has a plan to immigrate 1 million people
to Mars by 2050 through a Mars settlement program. When
exploring Mars, it is very important to send a Mars probe of
the maximum mass possible using the least amount of energy.
The synodic period between the Earth and Mars is 2.14 years,
and the orbits of Mars and the Earth are not exactly circular,
and they do not orbit in the same plane. Therefore, the
interplanetary transfer trajectory of the Mars probe shows
different characteristics depending on the launch time. In this
study, we conducted a study on the selection of possible launch
period with the goal of launching the Mars probe in 2033 and
2035. Through this study, it was possible to confirm the launch
period for Mars exploration mission in 2033 and 2035.
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Atmospheric braking plays a key role in the process of entry,
descent and landing (EDL) to atmospheric planets. TPS is the
single fault point of the probe, it is the key to the success of
the exploration mission. Although there have been specimen-level
evaluations up to now, testing of complex specimens such as
thermal protection systems has been conducted for the first
time. A preliminary test model of the thermal protection system
to which the heat-resistant material of the C/C composite base
is applied and preliminary ground tests were performed. The
test was performed twice to satisfy the maximum temperature
of 2200K and the temperature of the aluminum plate material
was maintained at less than 1507C. The test results were
excellent, and specimens for further testing are being prepared.

[P-3] Development of Mission Planning Rules of
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Korea Pathfinder Lunar Orbiter (KPLO) Program Office of
KARI has been developing the Korea Pathfinder Lunar Orbiter
(KPLO) Mission Operation Center and one of its major function
is to generate the bus and payload operation mission timeline
and mission command. In order to do generate mission timeline
and mission command, there should be the schedule generation
rule, conflict detection rule, and conflict resolution rule. The
schedule generation rule is defining conditions and restrictions
that will combine bus and payload mission requests into a
mission timeline and also mapping certain time gaps between
adjacent missions. The conflict detection rule is for identifying
any mission timeline which violates mission operation conditions
and notifying these conflicts to mission planning users. The
conflict resolution rule is to resolve detected conflict with
predefined conditions without user intervention. These rules are
running on the commercial software called the flexplan
developed by GMV. The authors has been developing mission
planning rules based on the KPLO bus and payload operation
concepts and this paper describes the results of mission
planning rule development.
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Because the near-side of the Moon is always facing the earth,
it is the best telescope platform for monitoring the earth. And
Moon’s surface has the advantage of no atmospheric scattering
or light pollution and is a stable fuel free observation platform,
allowing all longitude and latitude of the Earth to be observed
for a month.

Observing the entire globe with a single observation instrument,
which has never been attempted before, and calculating the
global albedo will significantly help predict the weather and
climate change. Spectropolarimetric observation can reveal the
physical and chemical properties of the Earth’s atmosphere. The
zodiacal light is very easy to observe from the lunar observatory,
so it will be an opportunity to reveal the origin of the solar
system and take a step closer to understanding the exoplanet



system.

Here, we report the advantages of a telescope equipped with
a spectropolarimetric camera installed on the surface of the
moon and the scientific mission that is expected to be possible.

Jae-In Kim

Korea Aerospace Research Institute

Terrain relative navigation (TRN) is essential for safe and
accurate landing in planetary exploration. TRN aims to provide
accurate position and attitude information of a descending
lander using the reference image map for a target area. For this
reason, IMU and image datasets, which can be obtained during
the descending phase, are required for the development of TRN
technology. If the two descent datasets on the real surfaces of
a target planet can be obtained, more reliable technology can
be developed. This study represents a method of generating
descent datasets on Mars. The proposed method first generates
IMU dataset at a predefined sampling rate (100 Hz) from sparse
trajectory information in the form of timed waypoints. IMU data
between waypoints are generated through linear interpolation to
secure high temporal resolution. Then, perspectively projected
descent images are generated by ray tracing technique from the
digital elevation model and ortho-mosaic for a target area. The
two reference terrain data are produced from images obtained
by the high resolution imaging science experiment (HiRISE)
sensor of Mars reconnaissance orbiter (MRO). Experimental
results show that the proposed method can accurately reflect
both the planned position and attitude of a lander and the
elevation of Martian surfaces in generating descent datasets.
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was launched on August 5, 2022. The PDHU (Payload Data
Handling Unit) mounted on Danuri has the ability to receive,
store and transmit payload-observed data, and it performs those
functions during cruising. However, a single error in the specific
area of its own memory caused by an external factor was
identified once by telemetries. The EDAC (Error Detection and
Correction) function of the PDHU detected and corrected the
error automatically, and finally, the ground system confirmed
that the error was not included in the payload data transmitted
from the PDHU.

Korea Aerospace Research Institute

Korea Pathfinder Lunar Orbiter (KPLO, named Danuri) uses the
X-band downlink communication system for downloading the
KPLO State of Health (SOH) playback data and payloads data.
This KPLO X-band signal is modulated Offset Quadrature
Phase Shift Keying (OQPSK) with 8.5 Mbps. To X-pband
downlink, the ground station should be locked the carrier signal
in exactly center frequency within acquisition range. The
acquisition range and process are some different between
NASA Deep Space Network (DSN) and Korea Deep Space
Antenna (KDSA) because each ground station communication
chain 1s some different. In this paper, for locking the carrier
signal, X-band link budget tool used for the predicting the
ground station X-band received signal power level during
KPLO BLT and upto the Moon. This predicting X-band
received signal power level is used for DSN carrier lock Fast
Fourier Transform (FFT) input data to the carrier locking.
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Danuri) was launched on 4 Aug 2022 (UTC) and is on the way
to the Moon through Weak Stability Boundary/Ballistic Lunar
Transfer (WSB/BLT) trajectory. Trajectory Design System (TDS),
which is a system for KPLO trajectory operation, was introduced
to monitor KPLO’s trajectory, to design trajectory correction
maneuvers (TCM), and to flexibly respond to various contingency
situations. This paper summarizes the interface and architecture
of the KPLO TDS including operation work flow, key components,
and information delivered from/to the Flight Dynamics
Subsystem (FDS).



We have studied well-defined narrowband ultra-low frequency
(ULF) waves observed in the lunar wake when the Moon was
in the solar wind on August 24, 2008, using Kaguya magnetic
field and plasma particle data. The observed ULF waves
oscillated at a frequency of 24 mHz, which is below the local
proton cyclotron frequency (~38 mHz), with a strong wave
power and at ~47 mHz with a weak wave power. The separated
frequency peaks could be attributed to fundamental and second
harmonics of the waves. We found that there was an entry of
the solar wind protons into the lunar wake when the ULF wave
was observed in the lunar wake. Such entry of the solar wind
protons could be an energy source for the wave activity in the
lunar wake. During the period of the ULF wave activity, the
ion and electron flux oscillations were simultaneously detected
in various energy channels. We found the energy dependence
of the frequencies of the proton flux oscillations. Such a
energy-dependent frequency is thought to be a consequence of
the wave-particle resonant interaction. Unlike the protons, the
electron flux exhibits spectral enhancements in the same
frequency band of ULF waves without energy dependence. In
this study, we investigate the wave properties and relationship
between the magnetic field and plasma flux oscillations using
the magnetic field and plasma data. We also discuss the source

mechanisms of TITF waves in the Tinar wake

Korea Aerospace Research Institute

Throughout the start of 2022, final preparations for Korea
Pathfinder Lunar Orbiter (KPLO) launch are being completed
for Space segment, Ground segment and launch segment,
respectively. Flight Model (FM) Assembly, Integration, and Test
(AIT) of the KPLO was executed within the given schedule.
Design and verification of the KPLO Ballistic Lunar Transfer
(BLT) Trajectory was also completed. And Korea Deep Space
Ground System (KDGS) including Korea Deep Space Antenna
(KDSA) was prepared for ground operations. In this article,
historical footprints of schedule management for the KPLO
Program are presented focusing on event schedules until the
KPLO Launch.

The design, implementation and operation of various communication
links for the its own specific lunar mission have to meet the
international frequency allocation recommended by SFCG.
SFCG has revised the lunar region space frequency recommendation
reflecting new considerations, notions, recognition coming from
future new mission needs and requirements of lunar communication
and PNT services.

Latest revision of SFCG 32-2R4 includes 7 link usages with
4 link types like lunar surface wireless network, lunar relay to
lunar relay cross link, Amateur Radio Operation, Earth to/from
Lunar Orbit. In addition, the Earth-based GNSS and in-situ
lunar based RSSS/RDSS to lunar surface, search and rescue
beacon in lunar vicinity are included in the revision.

All link type and its application information in lunar region in
SFCG 32-2R4 shown in this study will be used for guideline
for frequency selection in future lunar missions.

[P-12] Image Collection Planning Test of
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KOMPSAT-6 is the second Synthetic Aperture Radar (SAR)
satellite in Korea. The ground segment is designed to comply
with assigned requirements for KOMPSAT-6 system operation.
Image reception and processing element (IRPE) is an element
of KOMPSAT-6 ground segment and provides the capability of
image collection planning, receiving RF signal from satellite,
retrieving observation data and generating standard products. In
order to check the function and performance of mission
planning for SAR operating modes, image collection planning
was tested and the result is briefly presented in the paper.
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In this paper, a test set-up for optical test of large optical
payload under vacuum condition is described. Optical payload
is very sensitive to environmental vibration perturbation from
outside, so it should be isolated as perfectly as possible to
reduce any noise during optical test. And whole payload shall
be thermally controlled as uniformly as possible to avoid any
unintended thermal deformation, which may make worse optical
performance. Electrical Components with much heat generation
shall be cooed with refrigerated circulator from chamber outside



test period. Uptical payload may be tilted to observe a image
on whole fields and channels, And optical target position of
collimator may be changed to monitor a image during focus

mechanism performance test.

ranging (SLK) system. 1his will be an impeccable mstrument
to track not only just satellites but other space objects. To
improve the optical performance of image resolution, we are
developing to apply adaptive optics by using multiple Rayleigh
lasers. Using multiple lasers for an adaptive optics analysis is
so-called Laser Tomography Adaptive Optics (LTAO). In this
poster, we present the simulations of ongoing processes. First,
we created a random atmosphere and measured wavefronts from
each sensor. Then, we combined wavefronts mto telescope pupil
wavefronts. Finally, we compared the artificially reconstructed
atmosphere with the initial atmosphere and analyzed the
residual error. Hopefully, after a few improvements, our LTAO
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LEU Wwhnich most orbiung objects are located . In order 1o
develop such a radar, beam coverage should be defined first.
Because wide search area needs a very large sized antenna,
trade off between search area and antenna performances such
as power and aperture should be applied. After beam coverage
is fixed, antenna shape should be designed. It would be better
to separate the transmit and receive antenna to avoid
electromagnetic wave leakage from the high power transmit
antenna. In order to detect targets moving across search fence
fastly, beam resouce manangement would be applied. Digital
array radar can manage resouces such as dwell time and search
area using transmit beam broadening or frequency muliplexing.
In this paper, we will briefly present considerations on the
design of the large array digital radar for the space situational
awareness and present the designed results.

Korea Aerospace KResearch Institute

Due to ever increasing number of space objects for mega-
constellation, space travel, resource mining, and on-orbit
services, Space Situational Awareness (SSA) and Space Traftic
Management (STM) is essential to ensure sustainable use of
outer space for future generation. Space traffic management can
be simply defined as, everybody uses space freely. It encompasses
the means and the rules to access, conduct activities in space,
and return from outer space, safely, sustainably and securely.
It can be realized through, a combination of best practices,
guidelines and standards, regulations, technical capabilities, and
operational synchronization with data and information sharing.
For LTS, we need all-in-one platform for data sharing (ephemeris,
flight plans, planed maneuvers, predictions for close approach,
and so on). Metaverse allows all of us to engage in a range
of different activities into a digital space for actual space.
Within STM metaverse, space traffic can be controlled and
managed in more safe and realistic way. We can easily access
to a metaverse, anytime, anywhere, and most importantly all
together. This paper deals with a promising collaborations
between domestic and international entities for space traffic

manacement
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launched a mega-constellation satellites into space, and the era
of the space internet began. As a result, space has become a
global trend, and interest in space traffic management is rapidly
increasing to ensure safe space activities between nations or
space agencies.

KARI SSA Research Office has selected the following four
major functions such as: 1) interoperability and data sharing for
real-time space situation data acquisition, 2) fast and accurate
data recognition using digital twins, 3) data-based automatic
statistics, analysis process, and 4) real-time information sharing
with stakeholders. In order to implement all four functions and
use them as an integrated platform for all stakeholders around
the world, we have studied the concept of the metaverse platform
and tried to develop the actual platform.



Hanwha Systems

The Satellite Laser Ranging (SLR) system is the most accurate
trajectory tracking system in existence. With the development
of multiple-use rockets and satellite manufacturing technology,
it is a reality that satellites of various sizes are launched into
space at low cost. Accordingly, tracking space objects of
various sizes has also become an essential technology. In line
with this trend, Hanwha Systems plans to develop the SLR
system by the end of 2025.

In order to track Low Earth Orbit (LEO) to Middle Earth Orbit
(MEO)-class space objects in accordance with the SLR system
using a Common Coude optical system, the specification of a
rotating disk of an integrated system that oscillates and tracks
a high-power laser is presented. This is because the use of a
rotating disk limits the tracking range and impact area.

[P-19] Improving the Empirical Solar Wind

Lhe empirical solar wind torecast (ESWEF) model 1s an ESA
service that forecasts the solar wind speed at Earth with 4 days
lead time. The model uses a simple empirical relation between
the area of coronal holes (CHs) as measured in meridional
slices in EUV at the Sun and the in-situ measured solar wind
speed at 1 AU (Vrsnak et al. 2007a). The relation has the
drawback that symmetrical speed profiles are produced as the
CH rotates in and out of the meridional slice. With adaptations
to the ESWF algorithm we aim to improve the precision of the
ESWF speed profile by implementing compression and rarefaction
effects occurring between solar wind streams of different
velocities in the interplanetary space. By considering the
propagation times for plasma parcels between the Sun and Earth
and their interactions, we achieve the asymmetrical shape of the
speed profile that is characteristic of high-speed streams (HSS).
Furthermore, we improve upon the automated CH area
extraction method and add co-latitude information to the model.
We present a statistical analysis for the period 2012-2021

speed protfiles with higher precision, raising the correlation
coefficent from cc = 0.35 to cc = 0.40. These results will soon
be found in Milosi¢ et al. (under review).
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(IRD)-2016 model by comparing them with total electron
content (TEC) observations at the magnetic equator. TECs are
estimated from GPS data collected at the International
University (glat. 10.52°N, glong. 106.48°E, mlat. 1.39°N), Ho
Chi Minh City, Vietnam, in 2018-2019. TEC observations
show the semiannual anomaly, where TEC is a maximum in
the equinoxes and minimum in the solstices. GIMs show similar
diurnal and seasonal variation, although TEC observations are
lower than GIMs in 2—5 TECU. IRI-2016 model results agree
with observed TEC during geomagnetically quiet time.
However, during the geomagnetic storm on August 26, 2018,
IRI-2016 does not show any significant changes in TEC, while
observation shows substantial enhancement of TEC during the
main and recovery phase of the storm.
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work of Kim et al. (2020). Accoding to the previous study, it
was revealed that the detected pcl pulsations frequently
occurred during declining phase of a solar cycle, in equinox



reported that the waves usually are detected during recovery
phase of geomagnetic storms. In this study, we concluded that
there is a inverse relationship between the intensity of the
storms and delayed time to the waves occurrence from the
beginning of geomagnetic storms. Also, we founded that the
intense storms tend to generate waves that have relatively
higher frequency. This result is agreed with a result of Bortnik
et al. (2008). Furthermore, we investigated wave polarization
properties. Consequently, average of polarization ratio of the
waves is about 0.75, and Most of them are slightly polarized
with both left-handed or right-handed whose polarization angles
are within + 14°. It is also interesting that linearly polarized
waves rarely occurred.
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Recent observations provide that electromagnetic ion cyclotron
(EMIC) waves generated by hot anisotropic (T, > T) protons
(~10-100 keV) play an important role in energization of cold
(< 1 eV) protons (H") and helium (He") ions in the inner
magnetosphere (L < 6). Using a hybrid simulation code, we
examine how EMIC waves interact with cold H" and He" ions.
The simulation results show that the cold ions are energized
in two steps. In the first step, EMIC waves are excited in the
H-band, higher frequency branch (w/Q2u~0.4), and interact
with cold H" and He" ions. The cold ions are mostly energized
in the direction perpendicular to the background magnetic field.
The energization in this step is not associated with high-energy
tail formation but bulk heating, a picture consistent with recent
observations in the inner magnetosphere. In the second step, the
dominant frequencies of H-band EMIC waves shift toward
lower frequencies and lower wave numbers as the hot proton
temperature anisotropy decreases. The dominant waves occur in
the He-band (w/Q2u~0.2). During this stage, energization
occurs during nonlinear evolution of EMIC waves, which is
seen after about 150 ion gyroperiods corresponding to ~40
seconds. This non-linear evolution is caused by a mixing
plasma between particles in the adjusted grids. The energization
of cold H" and He" ions occurs not only in the perpendicular
direction but also in the parallel direction, Cold He" ions are
much more energized than cold H' ions because the He" ions
is resonant with He-wave in this stage. By comparing recent
observations and the present simulation results, we suggest that
low-energy particle energization by EMIC waves occurs at early

stage of wave generation without nonlinear evolution of EMIC
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magnetic field in the form of a multipole component from the
perspective of spherical harmonics, and using this, we present
the dynamo model constraints. The Wilcox Solar Observatory
(WSO) supplies the solar corona magnetic field coefficients of
the spherical harmonics of each Carrington Rotation calculated
based on the solar surface photospheric magnetic field remotely
sensed. To estimate the internal current system producing the
global solar coronal magnetic field structure of the Sun and its
developments we calculate the multipole components of the
solar magnetic field using the WSO data from 1976 to 2019.
The prominent cycle components over the last 4 solar activity
cycles are axis-symmetric fields of the dipole and octupole.
This implies that the current inversion driving the solar
magnetic field reversal originates from the equatorial region and
spreads to the whole globe. Thus, the more accurate solar
dynamo model must include the explanation of the cause and

evolution of such solar internal current dynamics.

e type Ol radiauons, such as gamma-ray and neutron. 1hererore,
it is possible to separate and evaluate gamma rays and neutron
rays from the measured energy spectrum by the PSD method.
In this study, cosmic rays and internal background radiation
were measured at Manhangjae (1,350 m above sea level) in
Kangwon-do to evaluate the characteristics of these scintillators
against cosmic rays. Both scintillators were measured with good
separation between neutrons and gamma rays. In addition, both



scintillators observed the U and Th series of internal background
radiation, but LaCl; confirmed that neutron and internal
background radiation could be measured separately. We
confirm that these scintillators effectively measure neutron and
gamma-ray separation on the lunar surface.

This work was supported by the National Research Foundation
of Korea (NRF) Grant funded by the Korea government (MSIP)
(NRF-2017M1A3A4A01077173) and (NRF-2020M1A3B7108845)

obtamed with the Nobeyama Kadioheliograph (INOKH) at 1/
GHz and 34 GHz and hard X-ray maps, from the Reuven
Ramaty High Energy Solar Spectroscopic Imager (RHESSI).
EUV images from the Atmospheric Imaging Assembly (AIA)
onboard the Solar Dynamics Observatory (SDO) were also
studied for the context. Total six peaks of the bursts are counted
with each separated by about 20 sec time interval, and a
dominant microwave source appears to be dynamically
changing its position within a simple loop oriented north-south
near the limb. During the first three microwave flux peaks, the
dominant source appears in the south while the X-ray source
lies in the northern end of the loop. The other three peaks show
the opposite trend that the dominant microwave source at the
time of the peaks appears in the northern end while the source
at the times between the peaks appears in the south. Based on
the time scale and intensity variation, we argue that this
phenomenon can be attributed to neither an MHD oscillation
nor actual change in the location of the high-energy electrons,
and that the northern source is due to the precipitating
high-energy electrons and the southern source is due to the
trapped electrons.
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ejected an enormous number of high-energy particles mto
interplanetary space. Its events were directed toward Earth and
reached Earth on November 4, generating a G3 level (= Kp 7)
extreme geomagnetic storm. We catch the responses of the
ionosphere and thermosphere that occurred in Europe during the
G3 strong geomagnetic storm on November 4, 2021, using
various observational data. This event was the first G3
geomagnetic storm since the beginning of the 25-solar cycle
and significantly impacted the global ionosphere. In particular,
we observed the positive storms in the middle and low latitudes
of Europe caused by meridional neutral winds propagation. In
contrast, we detected negative storms in the high latitudes due
to the increase in thermospheric density (upwelling). These
responses were demonstrated by latitude-distributed chains of
ionosonde and TEC observations. Above all, we obtained
evidence of actual thermospheric equatorward and westward
winds through high- and mid-latitude thermosphere wind data
(Svalbard FPI & ICON/MIGHTI). In this study, we confirmed

the theorv of the effect of the thermosnheric comnonents durino
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Magnetospheric chorus often arises in two spectral bands in
frequency with a gap in intensity at half the electron cyclotron
frequency, fce/2, in which case it is called the banded chorus.
Despite routine satellite observations of banded chorus, its
generation mechanism 1is still debated. It has been suggested
that the two bands are generated by two different anisotropic
electron populations with different temperatures. In between
these two populations is a rather isotropic population, called the
plateau or beam, that is believed to suppress nonlinear growth



ionosphere phenomena for the Earth. However, understanding
how the energy and momentum transfer from the Sun to the
Uranus is a complex problem with many different aspects. Also,
there are few simulations with spatial resolution high enough
quantitatively study the effects of solar wind and tilt exist.
We performed a global MHD simulation of Uranus magnetosphere
to answer the question, how magnetic reconnection drives the
magnetosphere and how the overall structure of the magnetosphere
changes under variables tilt. We consider the effects of the title
angle of two cases (e.g.,~23.63° and +39.17° for southward
IMF and northward IMF) on the efficiency of the coupling
between the solar wind and the magnetosphere. The simulation
number of grid points is (nX, ny, nz) = (600, 400, 400) with
a uniform grid spacing 0.5 Ru. We set a uniform solar wind
with a density ng = 0.05 cmﬁs, a velocity, Vg = 400 knv/s with
pure southward IMF Bz = 0.3 nT as input parameter by New
Horizons observation.
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Nations specialized agency for information and communication
technologies, and the ITU Radiocommunication Sector (ITU-R)
plays a vital role to ensure interference free operations of
radiocommunication systems through implementation of the
Radio Regulations, which 1s updated through the World
Radiocommunication Conferences (WRC). In the upcoming
ITU World Radiocommunication Conference 2023 (WRC-23),
the Agenda Item 1.12 on a possible new secondary allocation
to the Earth exploration-satellite (active) service for spaceborne
radar sounders in the 40-50 MHz, and the Agenda Item 9.1
topic a) on the technical and operational characteristics, spectrum
requirements and appropriate radio service designations for
space weather sensors will be discussed. These agenda are
associated with the operation of current Korean facilities for
Sun and space weather observation. We report the results of
related studies conducted by ITU-R Working Party 7C (WP
7C). These results will be reviewed and discussed further to

prepare a consolidated report in the upcoming second session
of the Conference Preparatory Meeting for the WRC-23
(CPM23-2), and that report will be used in support of the work
of WRC-23.

waves. Even though Nelioseismology provides a strong ool 1o
investigate the solar interior using acoustic-gravity waves, our
understanding of the dynamics operating in the solar interior
is fairly limited. Traditionally, numerical simulations of the
solar interior have been focused on an isolated convection zone,
so a self-consistent mechanism controlling magnetic fields and
flows in an entire solar interior is still unclear. Since the
existence of the solar magnetic field and the solar rotation
inevitably puts the solar interior in a non-isotropic state, we
have developed an MPI-based solver so as to derive the
gravitational field from a non-isotropic density distribution by
solving a self-gravity equation. We show how fast the calculation
speed of this solver is and also demonstrate that its calculation
result well matches an analytical solution. By incorporating the
solver into our existing MPI-based MHD code, we can investigate
the self-consistent mechanism governing the solar internal
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We analyze irregularities in the topside ionosphere at nighttime
mid-latitude using the latitudinal difference of plasma density
(Ne) structures from Swarm-A and C satellites. We investigate
the features of the irregularities by calculating the latitude
difference with which two satellites with different longitudes
observed the same irregularities. We look at statistics by
collecting events that satisfy a minimum correlation of the two
data and a minimum magnitude of the plasma density fluctuation.
Then, the geographical distribution of events and the tendency



of propagation directions have similarities with the nighttime
Medium-Scale Traveling Ionospheric Disturbances (MSTIDs).
Additionally, in the ionosphere higher than the Swarm satellite
altitude, the fluctuations is analyzed using the topside Total
Electron Content (TEC). Moreover, we confirm that the
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modulations 0l Intensity, SUCh as Periodic variations or transient
events. The seasonal variation and its origins were difficult to
determine by using data of the single neutron monitor (Jeong
& Oh 2020). In this study, we use the daily data of 16 neutron
monitors from 1964 to 2020 to configure out the seasonal
variations and its origin. In order to determine the pure seasonal
variations, the solar cyclic variations in cosmic ray intensity
were eliminated by normalizing to the yearly mean or median
and selecting the representative value of each day from the
mean or median for 57 years. The results of Cox and Stuart
trend test show that the cosmic ray intensity showed a clear
seasonal trend for four ways of data transformation. We discuss
the origins of seasonal variations and the several statistic
methods to exclude the outliers resulting from sporadic effects
and to classify the seasonal variations.

nmereorological Aaminisirarion

Radiation exposure of aircrew and passengers should be accurately
monitored and properly notified to protect their health from the
adverse effect of ionizing radiation. In general, the radiation
originated from galactic cosmic rays (GCR) or/and solar
energetic particles (SEP) are estimated by numerical estimation
models because every commercial aircraft could not embed an
instrument for measuring the radiation dose rate. In this study,
we calculated the three models, NAIRAS (NASA), CARI-7
(FAA), and KREAM (KMA), and then estimated the radiation
of aircraft crew and passengers. We statistically analyzed the
error characteristics of models by the ARMAS (NASA) data
that measures the ambient radiation environment at commercial
aircraft altitudes. We used the effective dose values of 579
flights from November 2013 to March 2022. This study period

to underestimate the total cumulative dose during thight. lhe
higher the total dose rate, the bigger the model errors are
estimated. The coefficient of determination (R?) between the
assessment models and ARMAS measurement are CARI-7
(0.92), NAIRAS (0.91), and KREAM (0.88), respectively. The
root mean square error in pSv of NAIRAS, KREAM, and
CARI-7 are 5.58, 5.44, and 3.77, respectively. The bias in xSv
of NAIRAS, KREAM, and CARI-7 are —7.44, —8.04, and —11.18,
respectively. The result of this study implies that the
underestimated radiation gives aircrew and passengers a
reduced risk perception for ionizing radiation. The model errors
should be checked and improved in cases with high dose rates.

“Chonnam National University

The ground level enhancement (GLE) is a sudden increase of
the neutron monitor (NM) count rate related to some solar
energetic particles (SEPs) events. The GLEs are rare and have
been recorded 73 times until now since it was first identified
in 1942. Oh et al. (2010) found the differences in GOES
differential proton fluxes between SEPs associated with and
without GLEs. The SEPs associated with GLE showed a large
increase and clear peak in proton flux of all energy channels.
This time we examine the chemical composition of SEPs
associated with GLEs. We use the data of the Solar Isotope
Spectrometer (SIS) onboard the Advanced Composition
Explorer (ACE) satellite at the time of SEP events identified
with GOES proton flux data. Our goal is to find which chemical
elements in the solar wind have a greater association with the
GLE. We found different features in some elements, sulfur,
silicon, and iron. Based on this study, we will perform statistical

analvsis on manv SFEP events includine GI Fs



closely analyze the geomagnetic storms ol the solar cycle 24.
As result, a total of 290 geomagnetic storm(Kp >= 5) events
occurred during the 2010-2022 period, categorized into three
geomagnetic storms: CIR, CME, ETC (+HCS). Among those
events, the ratio of each of the CIR, CME, and ETC events
is 51.38% (149 count), 35.17% (102), and 13.45% (39),
respectively. The average dst of 149 CIR is —44.8, the average
dst of cme is =77, and the average dst of geomagnetic disturance
of unknown or complex factor is —47.9. The frequency of
occurrence of geomagnetic disturbance is highest in CIR, but
the intensity is stronger in CME.

The visible auroras has been observed by Aurora All-sky
camera (ASC) at Jang Bogo Station (JBS), Antarctica since
2018. The occurrence of the aurora at JBS shows systematic
variations with magnetic local time (MLT) and it seems to be
associated with the location of JBS with respect to auroral oval.
This indicates that the JBS is located in the auroral oval or in
the polar cap, depending on the MLT. In other words, the JBS
may be located near the boundary of the polar cap and the
auroral oval. Since the poleward boundary of the auroral oval
is known to vary with magnetic activity level, it can be
expected that the spatial location of the auroral occurrence at
JBS should also show the variations with magnetic activity. As
the magnetic activity increases, the auroral oval expands toward
equatorward. In this paper, we investigate the auroral occurrences
at the different magnetic activity conditions in order to see the
variations of the poleward boundary of the auroral oval with
magnetic activity.

Department of Astronomy and Space Science, Chungbuk
National University

Magnetosonic waves, also known as equatorial noise, are
whistler-mode emissions distributed near the equator between
the proton cyclotron frequency and the lower hybrid resonance
frequency. They are usually observed on both sides of the
plasmapause, where they can effectively scatter energetic

electrons and protons. Their characteristics in plasmaspheric
plumes, however, have not been reported yet. In this study, we,
for the first time, statistically investigate magnetosonic waves
in the plasmaspheric plumes based on the entire mission period
(the year 2012-2019) of Van Allen Probes A and B. Statistical
results show that magnetosonic waves are observed in plumes
with an occurrence rate of ~10-20% depending on geomagnetic
activity. Their amplitude and wave normal angle are distributed
with an average of ~40 pT and 84°-88°, respectively. Increased
geomagnetic activity enhances the amplitude and shifts the peak
of wave normal angle toward a lower angle. In addition,
approximately 80% of selected magnetosonic wave events are
observed simultaneously with the plasmaspheric hiss, which is
known to be most effective in scattering electrons in the plume.
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camera at Ml. Bohyeon Ubservatory (36.2°N, 128.9°E) Ior the
period of 2017-2019. A total of 150 gravity wave events were
identified from the O I 557.7 nm airglow images, which may
reflect wave activities at the altitude of 95 km. We trace back
the propagation of individual wave event by using backward
ray-tracing method with the wave parameters that were derived
from our previous study. We will present the results of ray-
tracing and will discuss the sources of observed mesospheric
gravity waves over the Korean peninsula.
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Korea Aerospace and Research Institute

The Geostationary Ocean Color Imager (GOCI)-II developed
for ocean color monitoring around the Korean Peninsula from
a geostationary platform has been performing observation
mission since 2020. In this paper, residual PRNU of GOCI-II
is analyzed based on its on-ground calibration results and in-



orbit solar calibration. Relative radiometric gains of GOCI-II
has been measured with different light source. At first, its
radiometric gain for each spectral band was measured by using
a large integrating sphere during on-ground calibration. Because
integrating sphere is considered as a uniform source, pixel-
to-pixel non-uniformity can be characterized. After the launch,
the radiometric gain has been measured periodically using the
on-board calibration device.

Radiometric gain parameters of the GOCI-II shows variation
over matrix (PRNU, Pixel Response Non-Uniformity) due to
characteristics of CMOS detector and video electronics.
Residual PRNU of the GOCI-II is analyzed by using the
on-ground gain and in-orbit radiometric gain. It is noticed that
residual PRNU is caused by random noise of raw image and
gain matrix. Also, residual PRNU is induced by the different
light source used for radiometric calibration. This residual
PRNU shows variation over spectral bands and it is considered
due to spectral response variation over pixel-by-pixel.
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Korea Aerospace Research Institute

The Korea Pathfinder Lunar Orbitor (KPLO) had been launched
by Space X in cape canaveral space force station. To launch
the KPLO, it is necessary to transport the KPLO from KARI
to cape canaveral space force station by freighter. Therefore
container for the KPLO transportation is developed.

The container need to be developed so that temperature,
humidity, shock, etc are kept constant during transportation of
the KPLO. And the container should be developed considering
the size that can be loaded in freighter (B747). This poster
describes size, structure, test result of the container for the
KPLO transportation.

Korea Aerospace Research Institute

Korea Pathfinder Lunar Orbiter (KPLO) was successfully
launched on August 5, 2022 at the Cape Canaveral Space Force
Station by Space-X Palcon-9 launch vehicle and is currently
cruising toward the moon. KPLO, which was transported to the
launch site, was subjected to final condition check test at the
launch site after completing all the tests at the KARI site in Korea.
The purpose of this test conducted at the launch site is to check
whether the satellite is in a launchable state, and to detect any

faults that may occur during transportation to the launch site. In

For GEO-KOMPSA13 (GK3), the goal 1s to automatically
recover the failure without safe hold mode even if a simple
failure occurs in the hardware. In particular, in the event of a
temporary failure of the satellite computer, the design is being
carried out to enable normal operation using another computer.
This process is defined as hand over. Attitude control can not
be performed during hand over. Therefore, the attitude control
increase during hand over. In this paper, we analyze the
tendency of control error for hand over time.
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Medium and large-sized satellite development projects have a
high degree of difficulty and uncertainty, and the budget scale
is relatively large. Therefore, neither domestic non-life insurance
companies nor re-insurance companies are able to acquire
satellite insurance, and there are not many non-life insurance
companies around the world that handle satellite insurance.
Such limited market conditions create a structure in which the
insurers who buy insurance have no choice but to dominate the
market. In addition, as the demand for satellites in Korea
continues to increase, the demand for domestic satellite
insurance will inevitably increase. Therefore, in this paper, I
would like to introduce the characteristics of satellite insurance
and discuss the direction of progress.
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Korea Pathfinder Lunar Orbiter (KPLO) has several missions
supposed to take images and measure scientific data at the
Moon. In order to get the Moon from the Earth, it needs to
adjust the way to follow the trajecotry that has been designed.
Attitude Orbit Control Subsystem (AOCS) has developed
several control modes and verified each performance to check



adjust KPLU's velocity to make 1t up to the planned trjectory
of the launch vehicle which has to be supplied.

This paper cites that the trajectory correction maneuver which
is the one of early operations for the KPLO has been conducted
under the planned scenario and the results of the its flight data
has been analized to check out whether the task has been done
within the required values in AOCS.

tor Satellite test, EGSE lest Engmeer should verity that it 1s
normal or abnormal condition before link to satellite. In this
paper, We will check validation data from power EGSE can
show condition of EGSE, based on validation data at middle-

emission mask. However, during the equipment development
process, the allowed radiated emission mask is exceeded and
a waiver request occurs. In this case, it should be evaluated
whether the power mput to the receiver is below the permissible
level in consideration of the system geometry. In this paper,
the case of analyzing the effect on the receiver when the
radiated emission mask is exceeded will be dealt with.

probes is the environment in which GPS cannot be used. To
overcome this feature, ground-based systems likewise the Deep
Space Network (DSN) is used to know where they are in space.
However, communicate with these systems may not be possible
in some cases as well as delay in communication between the
probes and the ground system. Therefore, additional use of
other sensors is required for the autonomy of the navigation
system.

In this paper, we introduce two methods of fixing the horizontal
position to construct autonomous navigation system. The first
is a celestial-based positioning by measuring the altitude of
visible stars. It is a very traditional way to know one’s location,
which navigators have used a lot. The second method is
terrain-based positioning using a normal vector of support
plane. The observed normal vector can be expressed in relation
to inertial frame and includes information on a horizontal
position. In this paper, we present the two methodologies and
compare them by simulation results.
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various Low Earth Orbit (LEO) satellites.
Some satellites performs a imaging mission and a down-link
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mission according to the ground command.

Some satellite offer strip imaging method. Strip imaging
method means performing the imaging mission in the same
direction as the moving direction of the satellite.

Wide-area imaging means acquiring images of a continuous
wide area by performing multiple strip imaging methods.

In this paper, a method for acquiring wide-area images using
the strip imaging method of LEO satellite is summarized.

In the New Space Generation, there is a growing interest in
space technology in the civilian sector, but design technology
is required for the stable mission execution of electronic unit
exposed to space environments.

In this paper, we have proposed and precessed, and we have
proposed procedures of researching and developing more robust



electronic unit using the ANSYS Electronic Enterprize (HFSS/SI
wave/Icepack/Mechanical) to verify the design technology by
considering procedures for designing electrical unit technologies
suitable for space class, and designing included boards used in
satellites.

In particular, the design was carried out taking into analysis the
methods of securing the reliability of the satellites, such as
Reliability, Worst Case Analysis and Part Stress Analysis.

Korea Aerospace Research Institute

It is necessary to check the status of satellite if it is ready to
launch before the satellite is launched. The status of satellite
is known through the electrical interface of launch vehicle (LV).
The launch facility user should ensure that the electrical
interface of LV is reliable.

The electrical interface of LV verification is usually done in
three phase. The user verifies the connections between the end
of stage2 of LV and the electrical ground support equipment
(EGSE), between the beginning of stage 2 and the EGSE, and
between the payload adapter of the satellite and the EGSE.
When checking the electrical interface of LV, compact sized
validation unit can be used instead of satellite, since the satellite
can not be moved every time.

In this paper, we introduces the procedure for verifying the
electrical interface of LV between satellite and EGSE before
the satellite is launched on the launch site.

[P-511 Analvsis of the Fffects of Flexihle Model

After separating from launch vehicle, the satellite should be
maneuvered to point the solar array normal vector to the sun
and maintain sun pointing and it should be also maneuvered
to align the positive yaw axis with the desired del-V burm
direction using thrusters as an actuator. The spacecraft dynamic
model is composed of a lot of modes and each mode has a
natural frequency calculated from physical characteristics and
spacecraft configuration. The adjusted number of modes would
be selected to reduce the calculation time. This paper shows the
effects of flexible model in consideration of flexible structures
such as solar arrays on the thruster based controller through the

controller design process.
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Korea Aerospace Research Institute

In the new space era, the necessity of conducting advanced
research and challenging tasks for the development of future
space technology is gradually emerging. Space exploration and
on-orbit servicing is one of the most challenging tasks in the
New Space era. Service areas of on-orbit servicing include
close-up observation, refueling, repair, orbit change, and
replacement of parts. If on-orbit servicing is applied to a
standard space probe, it can be used by granting deep space
exploration and additional missions as well as extending the
lifespan. In this study, the design direction of the Quick
Connector concept for refueling connection was described to
extend the lifespan by supplying fuel to the standard space
probe. In addition, the conceptual design direction of the
modular electrical device connector for easier replacement and
repair of the electrical unit’s fault repair H/W upgrade is also
described.
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celestial body and inaccuracy of the Line of Sight (LOS). Image
Navigation and Registration (INR) is the process of correcting

Therefore, INR is a measure of the absolute pointing accuracy
and stability of the image. INR performance is an important
quality indicator for GK2A AMI data utilization.

In this paper, we introduce the results of monitoring INR
performance statistics for AMI Full Disk (FD) images, such as
image navigation residuals, Channel to Channel Registration
(CCR), With in Frame Registration (WFR) and Frame to Frame
Registration (FFR). Also, we introduce the automatic monitoring
method to detect the cases of image anomalies in GK2A AMI
images, such as instant striping of image and partial loss of

image.



Korea Aerospace Research Institute

An end-to-end (ETE) test is one of the items to be performed
in the final stage of the satellite’s assembly and test, which
verifies the integrity of communication between ground system
and satellite system. Recently, an ETE test shall be carried out
with a greater variety of test items within a limited time
according to increasing cases of developing ground system and
satellite system by different institutions or companies.

In this paper, we introduce a time-efficient method for an ETE
tect

“Agency for Defense Development

Thanks to the development of space launch vehicle technology
and semiconductor technology, conditions are being created to
perform various missions that have not been attempted before
in space. The decline in launch costs into space has increased
the possibility of extending the mission life of existing one-off
satellites or active/passive removal of space debris. Recently,
related commercial activities are also increasing. Furthermore,
the maturity of deep neural network-based Al technologies in
ground applications such as autonomous driving is increasing,
and these flows naturally lead to space applications, as shown by
the SPEED/SPEED+ dataset and related technologies disclosed by
ESA. In this study, we researched a deep neural network
technique for relative 6 degrees of freedom posture estimation
of non-cooperative space objects among element techniques for
performing on orbit service in space. Conventional studies tried
to estimate the direction and location information of the input
image with a single end-to-end neural network, so the estimation
accuracy was remarkably low. To achieve higher postural
estimation accuracy, we consider a step-wise approach. The
method proposed in this study goes through a neural network
that first detects key-points of the target object without
performing 6 degrees of freedom posture estimation directly
from the input image. The primarily detected key-point vector
finally estimates the relative posture of 6 degrees of freedom
through a neural network that estimates only the posture.

[P-56] Investigation and Review of International

Korea Aerospace Research Institute

Satellites use high-reliability electronic components with
radiation-resistant properties, and most of these components are
imported from countries with advanced space technology, such
as the United States and European countries.

Despite the success of the Nuri launch vehicle, there are
restrictions on the selection of the launch vehicle and the use
of electronic components for the payload due to the IATA
agreement.

Korea has excellent semiconductor design and manufacturing
technology, so it has an advantage in localizing parts, but the
experimental facilities for the verification of radiation tolerance
are very insufficient.

In this paper, we would like to discuss the current status of
international radiation testing facilities for the localization of

electronic components for space and future expansion plans.
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*Korea Aerospace Research Institute
2Un1’ver51'ty of Science and Technology

Deep space explorers mean the spacecraft that explore other
planets, moon, asteroid, comet, etc. over the Earth orbit.
Satellite in the Earth orbit is under relatively mild-varying
stable thermal environments, which could be thermally designed
to be controlled maintaining its temperatures within the
temperature requirements. The thermal control technologies for
the satellites are well developed, and sufficiently mature.
Because this current technology status, there is not difficulties
in designing the thermal control for the satellites. On the other
hand, the deep space explorers experience different thermal
environments compared with around the Earth orbit; they are
determined according to each designed missions, that is,
interplanetary flight, orbiting in or landing on other planets and
the Moon, exploring the asteroid and comet; they are more
serious hot and cold conditions than those of the Earth orbit.
The thermal control for the deep space explorers could be
begun based on the thermal control methods of the satellites;
however, it is nearly impossible to maintain thermal safety
within required temperatures during thermally serious mission
phases. It is therefore essentially required to apply advanced
thermal control technologies. In this study, it is investigated that
the case study for the thermal design of abroad deep space
explorers which are developed applying the advanced thermal



technologies. The major technologies are such like a radioisotope
heater unit (RHU), using the waste heat of a radioisotope
thermal generator (RTG), a two-phase thermal switch, a variable
heat pipe, high temperature multi-layer insulation (MLI), a
gravity-assisted two-phase fluid loop, a pumped fluid loop. It
could be finally understood which technologies are considered
for the thermal design of the deep space explorers as each
mission orbit condition.

Korea Aerospace [ndustries, Ltd.

As according to national space development road map, The
CASS500 with 500 kg mass was developed for standard platform
and export strategy model. The CAS500-4 is the first satellite
of utilizing a standard platform that has been developed to
minimize design change with respect to the CAS500-1 and 2.
In addition, Compact Advanced Payload for Wide-swath
(CAP-W), capable to providing of the wide swath Electro-Optical
(EO) images, is successfully designed to satisfy the required
mass and power budget for the CAS500-4 applied with CAS500
standard platform. In this paper, we will describe critical design
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depending on the experience oI the engineer mn charge oI e
mechanical design of each satellite. The mass properties of the
satellite can be managed by using its own function provided
by 3D CAD S/W or by MS Excel or by developing in-house
tools within the company. However, there is currently no mass
property management tool developed in consideration of user
convenience in the domestic satellite development program. In
addition, it is difficult to perform mass property management
only with the functions provided by 3D CAD S/W. Therefore,
Excel 1s mainly used to manage the mass properties, but if the
basic functions provided by Excel are used, many problems
may occur and it can be a time-consuming task. In this study,
a method for managing mass properties using Excel to minimize
human error and human resources is proposed. By identifying
requirements for database structure design and implementing it
using Visual Basic Application (VBA) as well as Excel internal

actuators to control the attitude ot KPLO, and antennas to
communicate with the Ground station on the Earth. Alignment
of some payloads, sensors, actuators and antenna of KPLO were
performed at specific phases during KPLO AIT. In this paper,
alignment test configuration and schedule are described.
Alignment overview and final alignment results of KPLO FM

are alen anmmarized

to the ground station within the ettective beam coverage. lhe
directional antenna has two-axis gimbal mechanism with the
angular velocity constraint. In order to validate the antenna
pointing to the ground station, the azimuth and elevation angular
profiles of the antenna are generated with considering the
angular velocity constraint. Finally, MATLAB simulation and

the interface verification neino the dedicated enftware are

LCSLS SIldll DC PCI1OIINCUd JUuIlg SdlClIle All Process. puc
the constraints in actual PS-E test environment, a thruster
simulator will be developed and applied in the required tests.
In this paper, the functional requirements of the thruster



KOMPSAT-2B in collocation at 128.25 + 0.05 deg.E. In the
near future, additional geostationary satellites are expected to
join at same longitude. For example, GEO-KOMPSAT-3 with
hybrid propulsion system will be launched in 2027 at longitude
of 128.15 + 0.05 deg.E. It is easily expected that as the number
of satellites increases, the risk of collision between the satellites
increases. In an effort to support the proper scheduling of satellite
programs, this paper introduces the analysis results on the
maximum number of acceptable geostationary satellites in 128.2
+ 0.1 deg.E taking into account the type of propulsion system

11 M 11

A solar array panel generates primary power for satellite during
sun period. The generated power is provided to satellite bus and
payload system for their operations and the remaining energy
is used for battery charging to provide power during eclipse
period and insufficient solar panel generated power even during
sun phase. For the best performance provision of the flight
model solar generator during in-orbit mission operation, it is
very necessary to check and verify the health status of the cells
and string of solar panels periodically during on-ground storage
and after performing major system level tests or mechanical
activities performed with installing flight model. The illumination
test is performed using light source and the output current of
each string will be recorded during tests. And, the test will be
conducted on a separated panel basis. In this paper, test
preparation, methods and results performed with flight model
solar panel for LEO satellite are summarized and presented.

[P-65] The Manufacturing of Infrared Heating

The performance of satellite must be verified under the space
orbit environment before the launch. The infrared heating system
surrounded satellite create thermal environment to satellite
using radiation. Because satellite have recently become larger
for high performance, the design and manufacturing of infrared
heating system have technical difficulties. This paper described
the manufacturing results of infrared heating system designed
considering satellite shape and test fixture.

Korea Aerospace Research Institute, KARI

KARI has been developing both Low-Earth Orbit (LEO) and
Geostationary (GEO) satellites. The spacecrafts communicates
with the ground station via Telecommand (TC) and Telemetry
(TM). The ground station sends TCs to operate the spacecraft,
to perform the mission, and to recover from the spacecraft
failure. The spacecrafts gathers the spacecraft bus and payload
status and transmits them to the ground station via TM. In order
to develop and to verify the TC functions for GEO satellites,
it 1s required to imitate a ground station which creates and send
TCs to the spacecraft. A TC verification tool for LEO satellite
has already been developed, but the TC protocol for GEO
satellites are different from that of LEO satellites. In this paper,
we explain the difference between the TC protocols of LEO vs.
GEO satellites. We also introduce how the TC verification tool
is designed and implemented for GEO satellites.

GEU-KUFSA1-3 lrogram Ultice, KAKRI

Pointing is one of most important system variables in
telecommunication satellite design thanks to its close connection
with payloads’ service coverage as well as spacecraft performance.
From the beginning of the satellite development, the pointing
allocation is required to be reflected in the payload antenna
design and the spacecraft attitude control system design.

A worst-case approach has been taken to predict the pointing
performance based on per-axis errors defined in terms of four
temporal categories, and those errors have been summed to
assess the overall pointing performance.



This paper estimates the each pointing accuracy of the payload
antenna boresight for a telecommunication satellite equipped
with two deployable reflectors at East/West sides and two fixed
array antennas on earth deck. And it is discussed the pointing
analysis results compared with other commercial telecommunication

PP

In Korea, many and various satellites from large to cubesat
were developed for various demand from 1994. Korea Aerospace
Research Institute (KARI) were developed from small to large
satellitez for public demand such as Korean peninsula
observation for territory management, agriculture and forestry
management, disaster monitoring, meteorological and ocean
observation and Lunar exploration etc.

For these purpose, KARI were developed Arirang series
satellites to observe the earth, Cheollian series satellites to
observe meteological and ocean, medium grade CAS500 series
satellites for earth observing, small grade STSAT series
satellites for earth observing and sciences.

Recently, many small satellites about 100 kg grade are
developing for various purpose with constellation.

In this paper, we will briefly present the current technical
managements to develop many small satellites simultaneously
with cost effectively.

plUpclly, dlla 1L Call 1ICasulC Cdlul HdELCUL 1ICIU. DCLAUST UIC
sensor 1s three-axis-orthogonal property and sticks on the
spacecraft’s body, the measurement value from the sensor is
always different whenever the spacecraft’s attitude changes.
Therefore, we sometimes utilize root sum square (RSS) method
for the magnitude of earth’s magnetic field. This paper shows
RSS value trend during the ground test period. From the result,
we can figure out the relationship between earth magnetic
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As the fault management is very important to the design,
development, and operation of all satellite systems, it includes
capabilities that enable the satellite systems to autonomously
detect, isolate, recover and react to failure situations that interfere
with their originally designed operations. Especially, we focus
on the fault management design from the perspective of the
satellite power system and specifically, we verify functions such
as logging, survival and safing under the condition of various
anomalies of EPS according to an internal fault management
document.

1 1

management.

In conclusion, the paper showed that the fault management for
the EPS of the next Korean SAR satellite 1s well designed as
intended and verified its functions by checking the logic and
the hardware after injecting appropriate faults corresponding to
each test item and the test model, ETB and FM.
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The Low Earth Orbit (LEO) satellite developed in Korea is the
Korean Multi-Purpose Satellite (KOMPSAT). From optical
satellites to payloads using SAR payloads, satellites have been
constructed and developed for various purposes and are
currently performing missions.

As the payload is diversified according to the development of
satellites for various purposes, the EGSE of satellites must also
change. The EGSE should be developed to realize the test
requirements required for this mission purpose. For example,
it should be developed to verify and test whether the satellite
can properly supply power to the changed payload through the
satellite test. In addition, if the power requirements of the
satellites change due to the performance improvement of the



Lhis paper discusses the necessity and method ol changing the
payload according to the mission purpose of the satellite and
the design change of the EGSE accordingly.

Korea Aerospace Research Institude

This paper introduces overall guidance, navigation and control
scheme and attitude orbit control system (AOCS) mode for
on-orbit servicing spacecraft with robot manipulator. Servicing
spacecraft enables stand-alone operation, rendezvous, docking
and rigid connection to the client spacecraft, servicing with
robot manipulator and safe escape from the client spacecraft.
The AOCS modes are defined to achieve requiring on-orbit
servicing functionality and AOCS actuators/sensors and proximity
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procedures of security USB-based or one-way data transmission
between the internal control network and external information
networks decreased, along with work efficiency. The Bi-direction
data transmission system was established to transmit data
between two different networks to address these problems. The
initial data transmission required only a minimal transmission
rate. However, as large-volume data transmission was necessary,
the data transmission method based on the TCP, UDP, and
Non-IP methods was also tested.

The Transmission Control Protocol (TCP) transmits data in a
message format, and it adopts the virtual line that sets the
logical path to transmitting packets between the sender and
receiver. In this case, the TCP’s transmission rate is lower than
the UCP’s, while the reliability is secured through flow control
and congestion control. The User Datagram Protocol (UDP)
transmits data in the unit of the datagram and involves no step
of connection or disconnection since it is a connectionless type
protocol and involves no logical path either. Therefore, its data
transmission rate is higher than the TCP’s but its reliability is
not secured. Non-Internet Protocol (Non-IP) networking is
designed to complement the TCP/IP’s disadvantages and support
various services efficiently based on the 5G telecommunication

system.

This study includes experiments to transmit data in the UDP
and Non-IP setting through the 1Gbps transmission line with
secured data integrity. In the UDP experiments, the transmission
rate was 100 Mbps in the low-volume section and 200 Mbps
in the large-volume section. In the experiment using Non-IP
networking, the transmission rate was 100 Mbps in the low-
volume section and 600 Mbps in the large-volume section.
Compared with the UDP experiments, the integrity test of the
hash function was performed only once in the initial step. After
that, the test was performed when the file was executed or
loaded onto the memory so that no CPU load was involved.
In addition, the multi-thread support function was utilized.
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Korea Aerospace Research Institute

The Central Data Processing System (CDPS) in the NARO
space center provides tracking aid data which is called slaving
data for tracking systems. Slaving data is made from RADAR,
EOTS, INS, and GPS data that is measured by various methods.
Also, slaving data includes range, elevation, and azimuth (REA)
data which indicate the launch vehicle position at an installed
location of the tracking station. It is very important to minimize
the difference between slaving data and actual antenna drive
angles of the tracking system because slaving data is used when
the tracking system missed a target temporally. In this paper,
we present a difference between the actual antenna drive angle
data of Palau TLM station and GPS location base angle data
during the KSLV-]I second launch mission to find a method
to reduce the difference between slaving data and actual drive

angles of tracking systems.

ivauonalr Uiuversity

Satellite Laser Ranging (SLR) is a system that accurately
measures the distance to a satellite by measuring the
bidirectional Time of Flight between the pulse emitted from the
laser transmitter of the ground station and the pulse emitted
from the Laser Retro-reflector Arrays (LRAs) of the satellite
orbiting the earth. This laser ranging technology has so far



contributed to the study of tectonic plate motion, crustal
deformation, Earth rotation, Earth’s gravitational field, satellite
orbit determination and prediction, and satellite rotation.
Recently, attempts have been made to acquire satellite images
using adaptive optics together with SLR, and efforts to measure
the distance of Space Debris by firing stronger laser have been
continuing. For the above purpose, SLR systems are being
operated in countries around the world, and this is forming an
international cooperation system through the International Laser
Ranging Service (ILRS). As of September 2022, there are 45
SLR stations registered and operated (Active Station) with the
ILRS, and 12 more stations are expected to be completed and
registered with the ILRS by 2027. We would like to review
the development status of some major observatories among the
SLR stations being developed around the world and introduce

the STR <tations nossessed hv Kaorea

Microbursts are the short duration (~one second) bursts of
relativistic energetic electrons precipitating from the radiation
belts. Microbursts are thought to be caused by chorus waves
produced by equatorial plasma instabilities. The Solid State
Telescope are developed to measure energetic electrons in the
energy range of 100—400 keV with the geometrical factor, G
= 0.02 ecm? st . The instrument have a two-direction view; one
is parallel direction and the other is perpendicular to the
geomagnetic field. They have the energy resolution of within
10 % (4E/E) and the time resolution of within 0.01 s. The SST
instruments are developed and performed energy calibrations
using radioisotopes. In this time, we will briefly present the
current status in development and calibration of Solid State
Telescope instrument.
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GrammCams 18 a suite of two light tield cameras mounted on
a lunar rover. The cameras, called SurfCam and LevCam, are
designed to study the characteristics of the upper lunar regolith
and levitated dust grains on the Moon, respectively. Despite the
extreme lunar thermal environment, we designed GrianCams to
provide the best performance within the operating temperature
range using passive and active thermal control techniques such
as thermal insulation blankets, radiators, and heaters. In this
paper, we present the recently-updated preliminary thermal
model that satisfies the temperature requirements in the worst
cases and also suggests the required heater power based on the
thermal analysis results.

We have studied the statistical properties of low-energy ions
originated from the dayside of the Moon using two-year (2008—
2009) Kaguya data during intervals when the Moon was in the
terrestrial magnetotail lobes. These lunar origin ions were

mechanism of the lunar origin ions, we examine the relationship
between energy and pitch angle and between energy and solar
zenith angle. We also examine whether the lunar origin ions
occur in a localized region on the dayside of the Moon and
the species of the individual ions by time-of-flight (TOF) data
to identify a source region of the Moon-originating ions.
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or manned exploration of Mars. In 2016, South Korea started
the development of a lunar orbiter. It is successfully launched
on August 5, 2022. Currently, the satellite is going to the moon.
In Korea, many spaceceaft performed missions in orbit, but now
We need another challenge for the purpose of exploring the
surface of the planet. That's the lunar lander.

The countries that have successfully landed on the moon are
the United States, China and the Soviet Union. In the 20s, India
and Israel attempted to land on the moon, but failed. Therefore,
facilities 1s necessary to verify performance of lander. There are
Only the USA and China for the test facilities of lunar lander,
and these countries have successfully landed on the moon.
In this presentation, we will talk about the test facility for
veritying the performance of the lunar lander. There are two
test facilities: an obstacle detection and avoidance facility & a

landing stability and impact facility.

~Korea Aerospace Kesearch Institute

The KPLO-MAGnetometer (KMAG) consists of tri-axial fluxgate
magnetometer sensors inside the 1.2 meter boom onboard the
Danuri (also known as the Korean Pathfinder Lunar Orbiter,
KPLO) to observe the near-lunar environment’s magnetic fields.
The three sensors (KMAGI1, KMAG2, & KMAGS3) are installed
at different distances from the spacecraft body.

The KMAG boom was successfully deployed 4 hours after
launch on 5 August 2022, and then immediately started to
observe the magnetic field. In the process, Danuri passed
through the edge of the geomagnetic region to the interplanetary
region. In this study, we compare KMAG data to the interplanetary
magnetic field from the DSCOVR satellite and also investigate
differences for each sensor to check the data accuracy. The
magnetic field variation observed from the KMAG shows a
similar tendency with time-shifted DSCOVR data around the
Lagrangian point (L1), but the magnitude is different. In



addition, each sensor in the KMAG measures different magnetic
field magnitudes for each direction. In general, the measured
magnetic field can be varied by the exteral field, the disturbed
field by the spacecraft, and the offset of the magnetometer. We
expect the magnetic disturbance generated from the spacecraft
body in spacecraft maneuver to be more significant than other
effects. The KMAG data shows a sudden change related to
two-time spacecraft maneuvering periods on 6 and 7 August
2022. In the case of eliminating the extemal field source except
for the spacecraft maneuvering effect, the magnetic field
magnitude for each sensor tends to depend on the distance from
the spacecraft body. In this paper, we will present the initial
results of the KMAG data and discuss the significant cause of
the disturbance to measure the magnetic field.
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the DART spacecraft will mmpact the satellite (known as
Dimorphos) in the (65803) Didymos system, a binary near-
Earth asteroid. The impact is expected to change the orbit of
Dimorphos. However, because the DART spacecraft will be
destructed after impact, it is necessary that an observation
campaign from Earth to be conducted confirm the Dimorphos’s
orbital change through momentum transfer. Therefore, we
planned the observation of Didymos after the DART impact
using the KASI facilities including Bohyunsan Optical
Astronomy Observatory (BOAO) 1.8 m telescope, Lemmonsan
Optical Astronomy Observatory (LOAO) 1.0 m telescope,
Sobaeksan Optical Astronomy Observatory (SOAO) 0.6 m
telescope, and the Optical Wide-field patrol. Network (OWL-Net)
0.5 m telescopes. In this talk, we will present the preliminary

recnlt af anr nheervatinne with the firhure nlan

Space roboucs 18 the new coming lechnology area IOr Iuture
innovation and the sustainability of society. Planetary robots
like lunar and Mars rovers need autonomous robotic technologies
but also the survivability in lunar and planetary extreme

to that ot Iree space ol artilicial satellite systems 1n that 1t has
thermal vacuum condition. But an important and additional
condition is that the lunar surface affects much the temperature
change of rovers because surface soil has big specific heat and
mass so it acts as a major heat source on rovers with the Sun.
Therefore, the thermal design should consider the surface heat
of the soil additionally to the conventional thermal design of
satellites. The paper describes the surface heat transfer model
to rovers, its calculation equations and the result values with
several assumption, which are developed in the level of concept
study.

After KPLU launch and Spacecralt Bus IAC was successiully
completed, the first trajectory correction maneuver (TCM#1)
was performed at 7 Aug. 2022. The attitude control thrusters
were used for liquid settling burn. The orbit maneuver thrusters
were used for main burn. Reaction wheels were used for
attitude maneuver for burn attitude. The burn attitude was
selected considering thrust direction, sun avoidance constraints
of all optical instruments, and antenna coverage. During attitude
maneuver and delta-v burn, the low gain antenna was used for
communication with ground station. The high gain antenna was
moved to the reference position during the burn. The TCM#1
procedure was uploaded to KPLO as absolute timed command
and executed at planned time. The TCM#1 was successfully
performed and KPLO is operating as planned in trans-lunar
cruise phase. In this paper, we present the bus operation results
for the TCM#1.

Korea Aerospace Research [Institute

During the cruise phase of the Korea Pathfinder Lunar Orbiter
(KPLO), the spacecraft experienced external disturbance torques
that caused momentum to build up in its four reaction wheels.
Predicting the rate of momentum buildup is important for
planning excess momentum dumping using thrusters by ground
command. Wheel speed telemetry during idle cruise periods in
the first month of operation indicated that momentum was
building up faster than simulations. As the high-gain antenna
is the most significant source of solar radiation disturbance
torque, our model was updated to correct the absorptivities for



was ncreased 1n detail to better approximate the actual conical
shape. These changes improved the simulated wheel speed fit
with flight data, but not completely. To account for the remaining
difference, thermal reradiation torque was added to model
disturbance due to heat radiation from spacecraft surfaces. The
combined solar radiation pressure and thermal reradiation model
is able to reproduce flight wheel speed data.

“University ot Science and ‘|echnology
3 Kyung Hee University

The lunar surface is exposed to meteoroid bombardment and
solar wind particles, being physically and chemically affected.
The micrometeoroids and energetic particles create tiny metallic
iron particles within the lunar soils. The impact of various-sized
meteoroids not only pulverizes the surface materials but also
creates craters by excavating subsurface materials and transforming
minerals through the melting process. Although the crater
materials were simultaneously exposed at the surface, the crater
floor, halo, and ejecta show optical and spectral differences. In
this study, we analyze the UV reflectance and a few space
weathering parameters using VIS-NIR reflectance to compare
the floors and halos in dozens of Copernican and Eratosthenian
craters. We also compare the thermophysical properties of the
floors and halos by using the observed surface temperature and
a thermal model. This study will enhance our understanding of
the crater materials.

Korea Aerospace Research [nstitute

Korea Pathfinder Lunar Orbiter (KPLO), also known as Danuri,
was successfully launched at August 4th (UTC) from Cape
Canaveral, USA and is on its way to the Moon. On its
trans-lunar trajectory, nine Trajectory Correction Maneuvers
(TCMs) were designed to 1) make KPLO follow the design
reference trajectory by cleaning up errors and 2) acquire the
desired Lunar arrival condition. For the successful injection to
trans-lunar trajectory, smooth operation, and AV budget
planning, a dispersion analysis of TCMs is a key factor. This
work summarizes TCM dispersion analysis for seven launch

candidate dates using Monte-Carlo simulation methodology.
Error sources for the dispersion analysis include launch vehicle
injection error, pointing accuracy/burn magnitude error of
thrusters on KPLO. The analysis identifies LV injection as the
major potential error source and shows no significant difference

P 1 o 1 P T

opucdl dpelulc U1 UIC CICCLUO-0UPUCdL SYSLICIIL (LUD) U1 SdLCLILC
payload increased to more than 1 m. Accordingly, the difficulty
of MTF measurement, a major criteria in performance evaluation,
has also increased. In particular, micro-vibration present in
optical alignment facilities has the greatest influence on MTF
measurements. Micro-vibration is added in the form of random
noise to an original edge spread function (ESF) signal when
taking a knife-edge target for ESF measuring. The added noise
appears as a high-frequency component in the frequency
domain and changes the MTF value. In this paper, experiments
were conducted through simulated ESF to analyze the impact
of MTF values by micro-vibration. The experimental results
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electro-optical camera at a lot of satellite system tests. The
analysis software is designed efficiently to extract the stochastic
information and analysis results from them. The paper the
design concepts and c++ based implementation results to handle
data acquired at the satellite system tests. The software consists
of header analyzer and image analyzer. The parameter for
criteria can be set by input window or input files. Also image
data can be shown through GUI to analyze visually. And
pre-defined synthetic data can be compared by bit to bit
comparison method in the software. Automatic analyzer makes
the very fast and convenient analysis for huge data. Manual
analyzer can access every line to see in detail. All the results
from the analyzer can be stored with setting parameters and
conditions.
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Electrical Ground Suppor Equipment for the Focal Plane Unit
(FPU EGSE) is primarily intended to verify the functionality
and output image of the FPU. FPU EGSE has the same
interface as the actual system from electrical and mechanical
point of view to check its function. Electrically It controls,
supplies power, and receive the output image of FPU.
Mechanically it has the same electrical connection type. It is
equipped with a high speed image grabber to get the image
from FPU without missing the data. By analyzing the acquired
image data with software, it confirms whether the content is
in a defined form and the basic performance of FPU, and
visualizes it for easy and quick understanding. In this paper,
we will brieflv address the current design and its actual use.
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component for the Global Navigation Satellite System (GNSS)
performance. In general, it is composed of four parts: Local
Oscillator (LO), microwave synthesizer, control loop, and physics
package. Currently, three kinds of space atomic clocks are
mainly used in the GNSS missions, which are Rb Atomic
Frequency Standard (RAFS), Cs beam, and Hydrogen maser.
According to Allan Deviation (ADEV), 1 x ¢/ day is considered
the acceptable stability requirement for the GNSS missions.
Recently, many studies have been made worldwidely in order
to improve the frequency stability of the space atomic clock.

performance of 5 x € ° — 3 x &' day. The paper differentiates the
four space atomic clocks, explaining features of the new
technologies adopted by them.

units, and prepares for satellite integration through final design
verification, assembly and ground verification tests at the
payload level. Through the development, alignment, assembly
and testing of large-diameter mirrors, structures, and camera
electronics, EOS level assembly and testing are completed, and
PDTS level composed of IDHU, XTXU, MUS, and XAA in
charge of image data processing and transmission when the
preparation of the device is completed, a functional test at the
payload level is performed. The electro-optic payload for
satellite perform many operations in various environments and
conditions according to a given mission, and multi operations
and operational functions are verified through ground tests.
Various modules and units composing the payload have been

developed by different companies, and the operation and

methods performed at the payload level were analyzed. Through
pre-verification through various operation check and operation
inspection, it would be suggested to check the state of the

pavload level before assembling the satellite gun and to

peninsula on September 6 and did a lot of damage.

In this paper, we discuss tracking result of the typhoon Hinnammnor’s
eye using optical flow algorithm.

We used the Lucas-Kanade’s algorithm and the Gunner Fareback’s
algorithm for optical flow. Gunner Farneback’s algorithm is
dense optical flow algorithm which is used to detect inital point
of eye of the typhoon. Lucas-Kanade’s algorithm is sparse
optical flow algorithm which is used to track eye of the
typhoon.

We used GEO-KOMPSAT-2A AMI and Himawari-8 AHI
image products for the test. Infrared 3.8 pm image from NMSC
is used for experiment for AMI image. Image of IR 3.8 ym
band shows small difference between night and day time.
GeoColor image from RAMSDIS online is used for experiment
for AHI image. GeoColor is color blending algorithm for ABI



generated Irom visible/near 1K bands and night side 1s generated
from IR bands for high and low clouds imaging.

Using Gunner Farneback’s algorithm, we tried to detect a point
with a vector sum of 0 within a specific region as a typhoon’s
eye. However, due to of the movement of the typhoon removes
effect of the wind speed, it shows low detection quality for
point initialization.

Using Lucas-Kanade’s algorithm, typhoon’s eye is tracked well
for both of AMI and AHI images. Since, GeoColor synthesizes
day and night images, the quality of tracking in the day and
night cross area was decreased. Gunner Farneback’s algorithm
shows better result in AMI IR 3.8 gm image product than
AHI’s image. When eye of the typhoon weakened in eastern
Taiwan, tracking quality was decreased.

Lt LD pupti, Y MIMUGGLY WY UL TN Gy D10 AUV Vi W v
field camera for Earth observation. The camera to be analyzed
is a TMA-type optical system having FOV 1°. The wavelength
band uses the Visible~NIR band and is divided into five
channels. In calculating the amount of photoelectrons reaching
the detector, the characteristics of the observation object, the
specifications of the camera, and the characteristics of the
atmosphere are used as factors. In particular, the spectral radiance
according to the solar altitude ange and the atmospheric
transmission characteristics was calculated using Modtran.
Through this, the photoelectron corresponding to SIGNAL was
calculated, and only the most dominant shot noise was considered
for Noise. As a result, the SNR value for each channel
according to solar altitude angle and the SNR value according
to the F-number of the optics design were derived.

reparunent Or AStronony, Space ocience anad Geology

The El Nifio event, in which the equatorial sea surface
temperature suddenly increases due to natural variability, is a
representative atmospheric-ocean interaction phenomenon. The
North Equatorial Countercurrent (NECC), which flows eastward
throughout the entire Pacific region between average latitudes
3N and 10N, is a prominent component of the tropical Pacific

current system. Because of almost equatorial location and
eastward flow direction of NECC, it has been considered as an
ocean current delivering the warmer western Pacific water to
the eastern to excite the El Nifio event. In order to test the wind
driven and ocean surface current mediating hypothesis of El Nino
event mechanism, using 27-year data of satellite observations we
investigate the spatiotemporal variability of the near-surface (10
m high) wind speed (NSWS), ocean surface current, and sea
surface temperature during two extreme and three moderate El
Niflo events. Based on the classical El Niflo scenario, previous
studies have explained 1997 El Nifio event as the thermocline
feedback by a typical Eastern Pacific (EP) El Nifio, and the
2015 El Nifio was considered as a phenomenon due to wind
driven forcing in the form of a combined EP and Central Pacific
(CP) El Nifio. However, our results show that NECC streams
in higher latitude band separated from the El Nifio monitoring
region and does not connect itself absolutely with the El Nifio
onset region (Nino 1 + 2, Nino 3 and Nino 4). We also
demonstrate that the direction and intensity of NECC vary
correlated with seasons and evolution phases of El Nifio but
irrelevantly with the change of the eastward NSWS intensity.
Furthermore, the onset of the 2015 and 1997 El Niiio, which
started in the Nino 1 + 2 region, is difficult to explain by the
scenario of transferring of heat accumulated in the western
Pacific. Therefore, if the cause and driving forcing are not
related with the wind and the current on the ocean surface, we
may have to try to search other El Nino driving forcing in the

suhsurface of the ocean
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damaged by harsh space environment. In special cases, both
primary equipment and redundant equipment can be powered
on simultaneously for providing a hot redundancy. Normally
only one equipment is working and this case provides more
reliability than hot redundancy. As a result of faulty operation
or malfunction of certain system, redundant equipment can be
switched on while primary equipment is still on. This paper
contains the impact analysis results of the space-born memory
equipment in this failure mode.

[P-96] Performance Verification of Optical
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Electro-Optics Camera of the Compact Advanced Satellite-4
(CAS-4) satellite. The CAP-W payload has the 5 multi-spectral
channel and capability of wide range of swath width with
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multi-path stereo imaging by taking a national agriculture, water
resource and forest images. The Optical Module (OM) of
CAP-W payload consist of three mirrors. The performance
verification of these optical components should be conducted
before the Assembly-Integration and Test (AIT) of optical
module. In this paper, the performance verification of mirrors is
introduced. Finally, the results of verification are also analyzed.

In general, the fluxgate and the search coil magnetometers are
used to measure DC and AC components of the magnetic field,
respectively. The search coil magnetometer that has a wide
measurement frequency range can measure electromagnetic
plasma waves, up to tens of kilohertz different from the fluxgate
magnetometer. Although it is scientifically necessary equipment,
the search coil magnetometer has never been tried in the Korean
space program.

In this study, we introduce the development of a space-based
search coil magnetometer for space plasma wave phenomena
research. For the search coil magnetometer electronics, we are
developing a specific ASIC device to do on-board processing
of large amounts of data sets.

The spectral range is up to 40 kHz. We expect the final Lab
model will be ready by 2025.

For the preliminary study and ground test equipment model, we
made a test bed which has a capable of measuring a frequency
range 100 Hz to 40 kHz. The first test bed consists of a
commercial 16 bit ADC which has 80 kHz sampling rate and
the test bed software is operated on a windows-based PC.
In this paper, we describe an instrument requirement specification,
a system architecture and initial test bed experiment discussions.

[P-98] Anticorrelation between the Primary and

Chungbuk INational University

In recent years, Tran et al. (2013) found that the primary and
secondary times of minimum lights were anticorrelated with
each other in their O-C eclipse timing variations (ETVs) for
short-period (mostly 0.2 d < P < 0.5 d) binary stars observed
in the Kepler mission and they change quasi-periodically. These
findings were confirmed by Balaji et al. (2015). They explained
that the anticorrelation and its time variations were caused by
the movement of continuously variable sunspots along the orbit.
Thus, anticorrelation changes between the primary and secondary
times of minimum lights in ETV may be another channel that
provides information about the activity of cool spots on stellar
surfaces.

To investigate the anticorrelation patterns of W UMa-type
contact binaries, TESS photometric data of precisely measured
80 W UMa-type contact binaries with 120 s resolution were
acquired and lots of times of minima of each system were
determined to contruct the ETV of each system. The
anticorrelation change pattern shown in the ETV of each system
was modelled with simple trigonometric functions.

As a result, the anticorrelation patterns of the investigated
systems were largely classified into three groups: (1) Their

spots. We also discuss the existence and implications of
correlations between amplitude, period, and other variables that
define the anticorrelation state (mass ratio, orbital period, etc.).

References
Tran, K., Levine, A., Rappaport, S., et al. 2013, AplJ, 774, 81



collected by this process need an oral archive system to
preserve and manage the oral history archives and provide safe
public services through classification, organization, and digital
work. This study covers the requirements analysis and design
required to develop a web-based online platform for oral history
archives. A metadata management system was built to manage
historical data efficiently, and a responsive web user interface
and user experience were applied for user convenience. An
open-source search engine was adopted to provide search
features, with the database complying with national standard
guidelines, and the architecture considering web accessibility,
compatibility, and standardization. The users could access the
oral history archives without damaging the contents through an
online service platform, which will be used as a communication
tool for answering questions about donated historical records
and understanding oral subjects in advance. It will also help
establish a method for producing oral recordings by the Korea
Astronomy and Space Science Institute and a work process for

manaocino dioital oral records
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KMAG has three fluxgate magnetometers inside a 1.2 meter
boom. Each fluxgate magnetometer has its own temperature
sensor and two more temperature sensors which are located
inside the magnetometer's guide structure are used to monitor
for the inside boom structure and S/C monitoring items.
KMAG was carried out many performance tests on the ground,
such as linearity, offset, noise, and temperature characteristics,
etc. In particular, the KMAG fluxgate sensor has a temperature
variation characteristic. Therefore, temperature calibration is
one of the major calibration items of the KMAG payload
instrument.

In the case of the ground test, we did the temperature
characteristics test in two ways. One is a small variance test
such as a small temperature increase range only using a halogen
lamp in a magnetic shielding chamber. The other is large
variance test using halogen lamps and LN2 in the vacuum
chamber. In both of the two kinds of tests, the temperature
coefficient was shown as below 0.1%/C(= 0.2 nT/C).
During KAMG observe on the BLT orbit, we adapted
themperature coefficient value to specific data set that had

temperature change of about 5C (August 7, 2022). As result,
The temperature calibrated data set shows more reasonable
comparing other space science mission data (DISCOVR) at
same time.

Therefore, we have adapted the temperature coefficient value
to a specific data set that had a temperature change of about
5C (August 7, 2022).

As a result of comparing with other space science mission data
(DISCOVR) at the same time, the temperature calibrated data
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algorithm for the image processing areas. Compact Advanced
Payload with Wide-swath (CAP-W), the payload of the
CAS500-4 satellite, also applies JPEG to meet its communication
bandwidth requirements by reducing the size of CAP-W
images. This paper explains CAP-W image extraction method
from the CAP-W CADU, which are compressed by JPEG
algorithm.
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safe and stable satellite operation, since the first severe satellite
fragmentation. As the number of on-orbit satellite fragments is

of an orbital rocket body, payload, or structure and so on,
accounts for more than half. However, there is a lack of
research and study on real break-up case. In this paper, we
analyze the real case of on-orbit break-up debris for future



According to various and high-class demands, the technology
related to SAR satellite is developing fast. Mission for SAR
satellite also is sophisticated gradually. Based on the advanced
system of SAR satellite, the global market of SAR is growing
rapidly. The level of SAR technology in domestic area is
increasing in line with the trends. Worldwide trend is forward
to low-cost and fast revisit-time basically under good performance.
it means the satellites will be small and constellated. for the
constellation, small satellites perform formation-flying. This
requests lots of techniques related to sensors, actuators, tele-
communications, formation control, computing & data
management, tools and test-beds and etc.. especially for
system-engineering part, mission & design analysis and
verification by emulation environment shall be required. Also
the request of future technology is that while miniaturizing at
the same time, its performance shall be properly useful for
special missions. nowadays mission objective also is changing
form product quality to operations, finally forwarding to various
applications. it means information and data from satellites can

be wvracticallv nsed for a real life industrv and so on as

In order to transnut as possible as many data, 1l 1S common
to design telemetry format as a fixed or promised one between
space and ground. Table-driven design is one of the very
popular approach on telemetry processing. Several tables
contain the information that how to generate telemetry on the
space sector and also describes the way that the ground system
interpretes the downlinked data. This design is very convenient,
but it lacks flexibility. There are some demand to support
various functions and format of telemetry according to the
mission of the satellite. This introduces an advanced telemetry

desion for imnrovino satellite oneration flexibilitv
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the moon. And lunar orbit insertion (LOI) is also very important
maneuver. Generally, it is the important that cg travel for the
entire maneuver phase has to be minimize to minimize the

and center of maim thrust vector. 1 the cg oliset was miminized,
use of attitude thrust will be minimized to correct the attitude
of spacecraft from disturbance by the cg offset. In the KPLO,
ballasts was applied to the optimize the cg position of KPLO
to minimize the cg travel and disturbance torque of spacecraft.
In this paper, we will introduce the ballast application for
KPLO, and present the application result briefly.

Korea Aerospace Research Institute

Satellite is complex system that is composed of multiple
subsystem modules. To check the status of satellite, various
telemetries are defined and transmitted to ground. Traditionally,
threshold checking and trend analysis method are applied.
However, those methods require domain specific knowledge
and not scalable. We proposed a system that recognize
anomalous state of satellite through fuzzy reasoning. Statistical
feature of satellite battery telemetry is applied to set up the
fuzzy rules and reasoning. The fuzzy reasoning system is
constructed by triangular membership function with four
linguistic value (Zero, Positive Small, Positive Medium and
Positive Big). Optimization is required to enhance the
performance of the system. In this paper, we describe the
optimization method of fuzzy reasoning through Genetic
Algorithm (GA). GA has good searching ability for solution and
multiple object design is possible. We compared the abnormal
state detection result before and after the optimization to
evaluate the optimization process.

[P-107] Requirements for Electrical
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or a regulated bus. In the unregulated bus power system, a
battery 1s used as the main power source. Since the battery is
close to an ideal voltage source, the voltage of unregulated bus
power system varies depending on the state of charge (SOC)
of the battery, but its voltage is not significantly affected by
the load electrical characteristic. Meanwhile, in the regulated
bus power system, the DC-DC converter is used as the main
power source. Since the DC-DC converter controls its output
voltage, the voltage of the regulated bus power system is kept
constant. However, if the load electrical characteristic exceed
the DC-DC converter performance, the DC-DC converter



voltage. lheretore, m the case ol using the regulated bus power
system of satellite, it is necessary to specify requirements of
the electrical characteristic of the DC-DC converter and load
in the early stages of designing a satellite. In this paper, the
specifications for the electrical characteristic of DC-DC converter
and load of the regulated bus power system.

[P-108] A Study on Performance Indicators for
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following the completion of the mission of Geo-Kompsat-1.
Geo-Kompsat-3 will be promoted with the goal of strengthening
national disaster and safety management systems using public
disaster communication satellites and securing leading technology
for future satellite communication. Implemented as a national
research and development project, let us examine the results and
impact of the project through its strategic objectives and
performance targets, looking at the relationship between the
project objectives and the problems and issues that the project
must solve.
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SunShield is the baffling structure of direct sun light to optical
payload. It is mounted in the front end of the optical payload
to carry out the baffling purpose. Long exposure of the direct
sun light to the optical payload mirrors can degrade the
reflectivity and uniformity of the mirrors and therefore can lead
to the degradation of optical performances such as SNR and
MTE. SunShield has to be designed not to obstruct the field
of view of the payload and to obstruct the out of field direct
sun light. The material has to selected by considering mass and
stiffness. This paper introduces the design and environmental
tests performed on the optical payload SunShield. Environmental
tests are performed to verify the endurance of the launch
vibration environment and in-orbit thermal environment. Tests

procedures and results are presented in this paper.
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high demand of high resolution radar images. First of all, the
radar satellite consumes high power by operating radar equipment
during the imaging operation and radiates high level RF power
more than several kilo watts during the radar signal radiation.
Therefore, the Radio Frequency Compatibility (RFC) testing is
important verification step for the radar satellite. The next
generation SAR satellite has completed all verification phases
including the system level testing and the environmental testing.
In this paper, the verification plan and the test results for the
RF compatibility of the next generation SAR satellite are
described and summarized. The verification test results show
that the next generation SAR satellite are compatible for all
operation scenarios considering the worst operation case in
which all bus platform units are operating normally and the
SAR payload electronics are operating fully for radar imaging

mission.

[P-1111 Power Prediction Method for LEO

whether or not to deploy them. Methods for determining
whether solar array deployment is determined include estimating
changes in MOI and estimating power production. The method
using the double MOI change may cause errors, so it is difficult
to use it as an orbital logic. On the other hand, the method
of using the amount of power generation is intuitive, but it is
necessary to select an appropriate reference value to determine
success. In this paper, the logic to determine the success of
deployment using the amount of electricity is reviewed, and a
method for selecting a reference value using machine learning

The AD590 is a two-terminal integrated circuit temperature
transducer that produces an output current proportional to



absolute temperature to measure to monitor the temperature of
the satellite. The AD590 is available in chip form making, it
suitable for hybrid circuits and fast temperature measurements
in protected environments. There are three basic types of noise
inherent in a data-acquisition system. The first type is transmitted
noise, noise received with the original signal and
indistinguishable from it. The second type is intrinsic noise,
noise generated within the devices used in a circuit. The third
type is induced noise: noise picked up from the outside world
and coupled into the circuit. A bypass capacitor can be used
to divert some of the high frequency noise current to ground.
The direct current supplied by the AD590 will be unaftected
by the bypass cap and will continue to flow into the 1 kohm
resistor. Only the high frequency noise current will be affected.
However, the use of a bypass capacitor across the AD590 with
the series resistors delays in stabilizing the output current

proportional to measured temperature.

[P-113] Verification of Lateral Vibration Test

performed. 1he lateral vibration test system consists ol a shaker
and a slip table. The shaker consists of an armature, body, and
suspension. The slip table consists of a large table and hydraulic
bearings supporting it.

In this paper, the modeling of each element for the lateral
vibration test system and verification process are introduced.
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Some of the space application has not standardized for newly
applied process. Solderless assembies are newly requested as
space application but has not been prepared.

Especially solderless connection assemblies has been studied in
ESA. Stadardization has been done and published as ECSS-
Q-ST-70-61.

In this paper, we will introduce new qualification standard for
solderless connection asseblies in ECSS as compaired with
generic soldering verification process. And we will present

KOMPSAT-6, KOMPSAT-7, and CAS500-2 will be added in
the future. will be operated. The raw data for all satellites in
operation should be safely archived, and the archived raw image
should be restored when processing the standard image.

In this paper, the basic design of the development of Data
Archiving Subsystem (DAS) that archiving, restore and
monitoring satellite image raw data for existing satellites and
additional satellites is described.

[P-116] Planning for the Coordination of Satellite

uncontrollable and unpredictable. 1The basic methods used tor
coordination such as face to face meetings or the exchange of
correspondence letters thus carry a high risk of possible delays.
Strategic planning is therefore essential to efficiently implement
and complete the coordination of satellite networks. This paper
looks at the submission, review, and planning process for
coordination activities to provide a better understanding of the
issues and difficulties involved and thereafter to be considered
in order to successfully coordinate satellite networks in a
geostationary satellite program.

Korea Aerospace Research Institute

Since Very Low Earth Orbit (VLEO) satellites operate in the
range of altitude between 200 km and 300 km, their mission
have advantages in terms of spatial resolution, temporal
resolution, debris collision mitigation, solar radiation mitigation,
and launch vehicle accessibility, However due to the increased



prediction error 1s significantly mcreased, which causes a series
problem and a difficulty in mission planning of the ground
station. In this paper, we newly propose a precision ground
targeting method for VLEO earth observation satellites. This
paper formulate the operation concept, system architecture, and
operation time scenario for imaging time, position, and attitude
re-calculation. The optimal imaging time and the optimal
satellite position is determined by on-board orbit propagator
prior to the original imaging time. The optimal satellite attitude
is also determined by the orbital geometry using the newly
calculated imaging time and position.

perorming all 1mage recepuion In one device has been
developed and is in operation. While developing the DIS of
CAS500-1, the development of the DIS capable of receiving all
satellite image data operated was completed. Recently, due to
the development of modem hardware technology, TCP-IP DIS
was developed using a 10G network instead of a conventional
ECL data transmission method. In this paper, upgraded the
function of receiving only one polarization in the existing ECL
method to research the integrated DIS that can receive image
data of both RHCP and LHCP polarization in one device, and
analyzed the test results for operation.
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weather, and combine the reflected signals to create and image.
In addition, recently, due to the demand for ultra-high
resolution and moving target images, the seight of satellite is
increasing, and studies of operating two/multiple satellites for
bi/multi static SAR image are in progress.

In this paper, research on mission orbit analysis and concept
of operation for bi-static SAR satellites as a next-generation

SAR satellite system are described.

calibration. CAS500-1 has a difference in downlink plan operation
compare to KOMPSAT operation. KOMPSAT compresses and
stores image data and receives the stored image at once. On
the other hand, since the CAS500-1 does not compress image
data, it takes a lot of time to receive the image at the ground
station.

To complement this, CAS500-1 operates by applying an offset
to the image during the downlink and receiving it by dividing
the image. In this paper, the concept of partial downlink

operation of CAS500-1 is explained and current operation status
e Aacnrihad

Recently, interest m a super low Earth orbit (SLEO) has
increased because of the high cost-effectiveness in terms of the
budget and satellite development period. The satellite reported
in this paper is planned to orbit about 200-250 km above the
Earth’s surface, which is less than half the altitude of the
conventional earth observing 500-800 km LEO satellites. The
most significant advantage of operating satellites in SLEO is
to improve the spatial resolution of optical imaging payloads
and signal quality of SAR with the reduced operation altitudes.
These benefits can link to small and cost-effective development
of satellites which satisfies the mass production and constellation
mission required of tens to hundreds of satellites with the rapid
growth of the satellite market in the new space era.
Fundamental research has been conducted on the key technologies
for the development of SLEO in the aspect of ionosphere
environments (atmospheric drag and atom oxygen), system
configuration designs to compensate high atmospheric drag and
satellite surface material erosion research caused by dense
atomic oxygen in SLEO. In addition, this paper presents
feasibility analysis of using Electric Propulsion to provide drag
compensation to extend satellites operation mission lifetime.
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Satellite level electromagnetic environment test include EMC
tests such as CE and RE, Launch Vehicle RF compatibility test,
and RFC test to simulate RF radiation of on-board transmitters
of satellite.

Conducted noise generated by the units in the satellite merges
at the power distribution unit, and noise affects the other units
again. System level CE test is to measure voltage and current
noise at the output power line of power distribution unit, and
safety margin is analyzed by comparing this measured result
with the test level of satellite’s conducted susceptibility test.
If a unit is not powered directly by the main power unit, but
by a sub power unit that relay the power from main power unit
to user unit, the conducted noise generated by the unit may be
decreased through the sub power unit, and the system effect is
also reduced. This paper verified that conducted noise decreased
through a sub power distribution unit by EMC testing.

Korea Aerospace Research Institute

This paper describes the development of the KPS satellite
platform to establish a Korean Positioning System (KPS). The
KPS satellite will be planned to use the GK2 satellite platform
as a heritage. The satellite structure system, power conversion
and distribution system, power generation and storage system,
and propulsion system of the GK2 satellite platform can be
applied to the KPS satellite platform with the same specifications,
but the satellite computer system, thermal and sattitude control

acquisition, periodic data acquisition, and non-access area data
acquisition. But, data convergence and analysis technology for
the disaster application and rapid data access service were
insufficient.

earth observation remote sensing satellites operated by KARI
The case of the disaster operation in this paper is intended to
be used as basic data for defining satellite operation and data
service processes to be applied to national disasters.

[P-125] Development and Test Operation

Aecrospace Research Institute and follow-up satellites will
continue to launch and operate. in an effort to operate multi-
satellite stably and efficiently, various operating technologies
are being developed and the functions of the operating system
are continuously advanced.

In this paper, we introduce the operational concept of generating
a imaging and receiving mission schedule, which is the main
mission of the satellite. Especially, a function for as system that
automatically generates a schedule for receiving an image to
the ground will be described in detail. It also summarizes the

Chang-Rae Cho

Korea Aerospace Research Institute

The shock test is an essential process to verify the satellite
components for shock environment specification. The shock
environments are induced mainly by launch vehicle separation
or appendages deployments like solar array and payload. The



as resonator to generate the characteristic irequency (1,000 or
1,500 Hz) in KARI test machine. It is not easy to simulate the
test system due to the complexity of system, and the definition
of plane input force. Therefore, the system feature can be
estimated by frequency response function using simplified model.
The finding for the test system by simulation may be very
useful way to improve test technique. Now this study is for
understanding the response effects by interface plate and
fixture. It shows the thickness variation of interface plate has
some relations with fixture response.

[P-127] A Study on the Reference Platform for
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There is a variety of deep space mission, and those can be
sorted into roughly 5 types such as fly-by exploration, orbiting
exploration, landing & surface exploration, landing & sample
returning exploration, and attachment with sample returning
exploration. However, it is very burdensome and expensive to
develop every unique platform for every different type of
missions.

In order to minimize development cost and burden for space
probes, a reference platform for deep space probe shall be
derived, which can be applied commonly for mission types as
many as possible.

This paper discusses the reference platform for deep space
probe under practical constraints. This result can be a a good

mridalisna Fae Ancimminas Arbhiea csmann smenha

o = -

rack. The heat dissipation should be considered in design of

. A

rack since the active components of power EGSE emits heat
during operation. Power EGSE moves also into various facilities
during AIT and therefore it should be designed in order that
the center of gravity is well established. In this paper, the
design of the rack for the power EGSE is presented focusing
on heat dissipation and center of gravity.

Chang-kwon Cho, Bongkyu Park, Jong Seok Park,
Keunjoo Park

Korea Aerospace Research Institute

The the geostationary orbit public complex commumnication satellite
(GK3) i1s the first communication satellite being developed in
Korea. System requirements were defined through the System
Design Review (SDR) in April of this year, and the preliminary
design is currently in progress.

Fault Management is also performing preliminary design
according to the overall system development schedule. Fault
Management is generally performed through the process of
failure detection, isolation, and recovery (FDIR). After the
system requirements defined in the system design review are
assigned to the satellite requirements related to fault management,
the requirements are also assigned to each subsystem. First of
all, It 1s defined the development philosophy that can be applied
to the overall fault management. If the fault management
concept 1s defined in the operation concept document
(CONOPS), the overall fault management architecture is
developed. According to the concept of the architecture, faults
and failures are identified by level in order to satisfy the fault
management requirements. According to this series of
processes, fault management has several steps to be performed
and defined.

In this paper, we define the activities necessary to carry out
the preliminary design of fault management and introduce the

GEO-KOMPSAT-3 Satellite has a mission to provide the
national public satellite communication network, a mission to
improve the navigation system’s attributes such as accuracy,
reliability, and availability, and a mission to collect information
to prevent water disaster such as floods. Therefore, communication
payloads with various frequency bands including Ka-band, S/L
band, and C-band will be used to perform various public
missions. But these communication payloads are not only close
to the GNSS receiver and TC&R receiver used by satellite, but
also have a high possibility of generating an RF interference
signal because the frequency band used is very close.

In this study, payload design requirements were presented to
minimize the RF interference through mutual RF emission
analysis between L-band signal used in SBAS and DCS
payloads and GNSS receivers and TC&R receiver inputs used
in satellites.
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imager for space-bome cameras. The verification of the CCGA
package shall be performed with a daisy chain device to
demonstrate the reliable electrical function of the PCB and the
CCGA package interface throughout the qualification test
campaign. The PCB design shall provide the ability through test
points to locate defective connections bv measuring erouns of

Korea Aerospace Kesearch [nstitute

In order to generate various useful products by complex operation
between multiple band images of geostationary meteorological
satellites, channel-to-channel registration must satisfy subpixel
geometric accuracy.

For quantitative evaluation with subpixel accuracy in channel-
to-channel image registration, traditional NCC- and NMI-based
image matching methods are available.

In this paper, the trend change of channel-to-channel image
registration was estimated for MWIR bands of GOES-16 ABI, and
it i1s compared with channel-to-channel registration evaluation
results performed by NOAA.

The target bands are C07 (3.9 ygm) and C11 (8.5 gm), where
the earth surface is measured, among MWIR bands, and the
annual and daily trends were analyzed.

Through the analysis, it was confirmed that the subpixel image
registration method works properly in the actual geostationary
satellite image.

periorm the dtate or Health (SUH) test ol satellite at launch
site after the transportation. Before the satellite are integrated
into foreign launch vehicle, it need to make sure that the
satellite 1s working properly through the launch site SOH test.
the SOH tests to be performed at the launch site are split over
several test groups. Each test group has its own success criteria
and some test group need special test aids.

In this paper, we would like to introduce test objective, test
configuration, test items, test flow, etc. That is we give a brief
overview on launch site SOH.

[P-134] Preliminary Research on Simultaneous
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Earth observation satellites are operated through mission
schedules to obtain the most profitable images. The observation
schedules are established considering the priority of targets and
mission constraints. In general, after an observation mission is
scheduled, antenna tracking planning is implemented confirming
if all data obtained in orbit can be downloaded to ground
stations within desired timeline. If the antenna is not able to
transmit the data on time, it is considered to modify the
observation schedules such that the computation time is
extended, which can be critical to urgent missions. In this study,
preliminary research on simultaneous scheduling of satellite and
onboard antenna is introduced in order to plan observation
schedule and antenna tracking profile at the same time.
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of each image through an online-only search system by dividing
the share of clouds included in the image by a defined cloud
rating.

The user identifies a valid image through catalog information
registered in the search system and requests generation of a
standard image.

At this time, the catalog registered in the search system is
subdivided into classes defined in the image (dark clouds/light
clouds/cloud shadows/backgrounds) using Semantic Segmentation,
a pixel-level cloud detection model, and the cloud analysis is
automatically performed according to the strength of the cloud



However, various types ol mmages exist 1n the catalog ol optical
satellites depending on satellite image characteristics and image
processing results. Therefore, there are limitations in performing
various types of catalog cloud analysis through the “Al-based
automatic cloud calculation model”.

In this paper, we describe the exception image processing method
for automatic cloud analysis of various types of optical satellite
catalog images, and analyze the results of the automatic cloud

Government-funded research mstitutes are working together to
develop the prediction simulator of Atomic Oxygen Erosion for
LEO Satellite in Convergence Pilot Study for the next Creative
Allied Project of National Research Council of Science &
Technology (NST). As part of this study, atomic oxygen erosion
prediction was performed based on data prediction using
Long-short term memory (LSTM) and Similar pattern detection
(SPD) Methods as opposed to the robust design technique
performed so far. In integrated space environment (Vacuum,
Thermal cycling, Atomic oxygen, EUV, etc.), atomic oxygen
erosion is strongly influenced by solar activity, We create a
prediction empirical model to predict F10.7 and Ap indices as
factors affecting solar activity, and the results of comparing the
amount of atomic oxygen erosion were derived using F10.7 and
Ap predicted from the mission period and orbit of the LEO
satellite to be launched.

The results of this study are expected to help optimize the
design of polymer materials for the outer surface of LEO

antallitan
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KOMPSAT for satellite development, it is essential to perform

configuration management tasks. The configuration control task,
which is one of the main tasks of CM, carries out a series of
activities to control the setting of the reference point, which is
the standard of CM, and the change of the existing point. In
order to change the reference point, there is a decision-making
part related to impact analysis and rating in the process of
performing the change work procedure. Therefore, it was
reviewed whether such a decision-making problem could be
solved by applying the hierarchical analysis method, which is

~

The roughness of ocean surface, which is driven by wind and
waves, can be the source of the backscatter of the synthetic
aperture radar (SAR) signal, of which can penetrates clouds and
arrive at the Earth’s surface and the return to the satellite at
any time of day. So, ocean surface underneath tropical storms
can be also detected using SAR. As a result of it, SAR system
can provide information on ocean surface which cannot
otherwise be obtained below the cloud with finer resolution.
During 2022, there have been trials to observe ocean surface
for retrieving the roughness underneath large-scale tropical
storms by applying KOMPSAT-5 SAR wide swath mode. In
this paper, we summerize the campaign to observe ocean surface

Korea Aerospace Research [nstitute

SNIPE developers had some problems of deployable solar
panel. Solar panel was not able to deploy and was not matched
to hold and release mechanism. Flight model had the problems
while test model don’t. There were two main causes of the
problem. First is the change of the deployment spring in the
hinge of the solar panel. It is a kind of unexpected error due
to failure of the shape management. Second is the vulnerabilities
in the hinge design of the solar panel. Brief history of the
problem fixing and suggestions of the design for the hinge is
presented.



Dongok Ryu, Goeun Kim, Seonghui Kim,

performance, enlarge the focal plane area for the large field of
view, and minimize the total volume of the entire optical path
using folding mirrors. When integrating and alignment of the
camera, this volume limitation of the optical design brings
about a lack of space for placing wavefront sensing instruments
at the multiple field positions of the back side of the focal
plane. Relay optics and field flattener lenses are one of the
solutions to this problem. This ancillary equipment to be
replaced by focal plane array devices are required precise
positioning for the best optical performance. We determined the
uncertainties of the three different methods for measuring the
position of the field lens, 1) conventional mechanical tolerance
alignment, 2) autocollimation between mirror cube and theodolites,
and 3) three-dimensional measurement using laser trackers.
Furthermore, we present a new high precision and effective
systematic measurement concept that combines the strength of
the three methods.
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Ground Flight Termination System (GFTS) is commands
transmitting system to space launch vehicle for the flight safety
purpose. Master Command Panel (MCP) is a major subsystem
of GFTS which triggering user-wanted commands via command
buttons. MCP also needs to, as a system’s top-level equipment,
monitor health status of each channels and have automatic
channel switch-over function if current active channel has a
malfunction. This paper presents a design and development of
FPGA based MCP for GFTS in Naro Space Center.

[P-142] Implementation of IRIG-106 Standard
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SOQPSK-TG is a modulation scheme based on the IRIG-106

systems. Lhis scheme has high bandwidth etficiency compared
to PCM/FM by using a pulse shaping filter that allows
inter-symbol interference and is used in high data rate required
telemetry systems. In this paper, we implement the IRIG-106
standard-based SOQPSK-TG transmitter by using a USRP. We
analyze the SOQPSK-TG modulation scheme and transmitter
structure and verify the bandwidth and spectrum of the
transmitted signal by using a signal analyzer.

Korea Aerospace Research Institute

A uniform light source is used to verify the optical performance
of space electro-optical camera. The uniform light source
system developed by KARI is designed to position the
integrating sphere assembly inside a vacuum chamber with the
electronics and light source residing on the outside the vacuum
chamber.

The system contains a Xenon light source that is fiber fed to
the integrating sphere through a vacuum sealed bulkhead.

In this paper, we present the characteristics of the uniform light
source used to measure the optical performance of the electro-
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emission 1s measured, the probe is connected directly to the
EUT to measure the signal induced in the test unit.

Then, if a wireless communication device is used near the
instrument, noise may be unintentionally measured by the
instrument. This paper shows the effect of this phenomenon
according to the power of the wireless communication device
and the distance between the device and the instrument through

actual tests.



antenna of a satellite.

Existing ground station searching methods choose a single
ground station from virtual ground stations for receiving signal
from the X-band antenna. The problem with existing methods
is that they do not utilise the remaining virtual ground stations
for receiving signal. To address the problem, in this paper, we
propose a novel ground station searching method. We choose
multiple virtual ground stations, each of which communicates
with X-band antenna in each time unit. There is an exponential
number of all possible combinations of ground stations. It is
very inefficient to investigate all possible combinations.

We propose a greedy algorithm that efficiently selects a
combination of ground stations. It guarantees to perform as
efficiently as the existing method. From experiments, we

SpaceNet challenge every year, the SpaceNet dataset containing
very high resolution satellite imagery and high quality labels
is provided as an public dataset by Amazon web service. This
paper describes the characteristics and results of each competition.
In addition, the main contents and progress of the flood
detection competition of roads and buildings in 2022 are mainly

continuously monitored even when there is no mission. This
paper introduces a radio frequency spectrum monitoring
software based on LabVIEW and its monitoring algorithm. The

spectrum monitoring software is programmed on LabVIEW and
it 1s able to manipulate the spectrum analyzer mounted on an
NI PXI system. When an anomalous peak signal is detected on
the monitoring frequency range, it is recognized by the
monitoring software and the spectrum near the peak is zoomed
in. Then the frequency and power level of the peak signal are
both recorded for later analysis. After the peak disappears, the
monitoring spectrum range is reset. In this way, the radio
frequency spectrum near the launch site can be constantly

1
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In the new space era, a variety of launch vehicles are used and
high-speed data communication is essential due to the variety
of high-quality data wireless transmission requirements of
launch vehicles. High-speed wireless communication is aftected
by channel characteristics. In particular, delay spread due to
multipath causes Inter Symbol Interference (ISI) during data
transmission, thereby degrading communication performance. In
the case of the Naro Space Center, the received signal quality
performance in the initial stage of launch is not good due to
the multipath channel between the launch vehicle and the
ground tracking station.

In this paper, we analyzed the performance of the Orthogonal
Frequency Division Multiplexing (OFDM) technique, which is
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In this paper, the equipment of telemetry relay station was
installed and tested at the optimal location based on the
simulation of the Naro Space Center radio environment
analysis. An antenna was installed at a position where the
multipath effect was the least and the line of sight was well
secured. After the equipment was installed, G/T measurement
and RF signal transmission and receiving test were conducted.
As a result, G/T was measured as —4.82 dB/K and the receiver
demodulated the PCM signal by normally receiving the transmit
RF signal. Data processing system transmits a signal to

Telemetry Best Source Selector after signal processing.



KAKI launched 2™ KSLV-1l mussion sucessiully on 21, June
at NARO space center. During KSLV-II launch mission,
ground telemetry station received Telemetry signal. In ground
station, telemetry receiver receives RF signal and processes the
signal at the same time. After signal processing of receiver, IF,
AGC, PCM datas are recorded on recorder in real-time. Using
the recorded data, we replayed IF data from the recorder and
Data Processing System (DPS) made decommutation data
depends on configuration of receiving techniques. Decommutation
is a process whereby a single frame stream is separated to
multiple data streams after frame synchronization. When PCM
datas are decommutated on DPS, Cyclic Redundancy Check
(CRCO) is the one of determining error detection methods. It is
qualified method of detecting error on telemetry frame datas.
As a results, we analyzed decommutation data by counting
CRC. In this paper, we verified performance of RF signal
receiving techniques using KSLV-]I recording data.
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such as IF, AGC, PCM, and IRIG-B, etc. Also, all data is
recorded in the IRIG-106’s Chapter 10 format. The data can
replay for the post-analysis, but the method of decoding the
Chapter 10 file directly for the research purposes such as
channel estimation and PCM data extraction can also be
considered. In this paper, decodes the Chapter 10 files using
IRIG software and MATLAB, and the results are shown.
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In this paper, we propose the wavefront error measurement
simulation for a telescope using the stitching algorithm. As the
diameter of the primary mirror has increased, the reference flat
mirror also being large. This large flat is difficult to fabricate
and handle. To solve these difficulties, the stitching algorithm
is one of the classic method to get a full aperture with small
subaperture maps. The subaperture map is designed to cover the
full apertue map, and each subapertures have different tilt and
power coefficients, which is same conditions as the measurement
environment. We present the simulation result the testing of 600
mm in diameter telescope with 300 mm reference flat mirror
at optical design program ZEMAX.
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