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Ping Lu received his PhD degree in Aerospace Engineering from the University of
Michigan, and his BS degree in Aerospace Engineering from Beihang University. He
has over 30 years of experience in aerospace engineering research and education.
His research expertise and interests are in guidance, control, and autonomous
trajectory planning and optimization, and has authored/co-authored close to 200
journal and conference papers in these areas. He was a professor of Aerospace
Engineering at lowa State University until 2016, and since then a Professor and the
Chair of the Aerospace Engineering Department at San Diego State University. Prof.
Lu is a Fellow of the American Institute of Aeronautics and Astronautics (AIAA). He
was the recipient of the prestigious AIAA Mechanics and Control of Flight Award in
2008, and a recipient of NASA Johnson Space Center Director’'s Innovation Group
Achievement Award in 2016. Prof. Lu is the Editor-in-Chief of the Journal of
Guidance, Control, and Dynamics, the premier international journal in aerospace

guidance, control, and astrodynamics/flight dynamics.

[Aerospace Guidance and Computation in 60 Years |

Abstract

It has been 62 years since the start of the Apollo Program that culminated with mankind
setting foot on the Moon. The Apollo program gave the birth to the critical aerospace
engineering area of guidance as we know it today. Sixty years later on a much broader scale,
spacefaring countries around the world are now actively pursuing missions in the cislunar
space and on the lunar surface, with NASA's Artemis Program aiming at sending astronauts
back to the Moon and beyond. In this presentation we will examine the role of onboard
computation in aerospace guidance technology from the Apollo era to today. Fueled by the
tremendous increase of onboard computational power, we are witnessing transformational

changes in aerospace guidance and control technology where traditional designs are



replaced by a new paradigm known as Computational Guidance and Control (CG&QC).
Different from other computational branches of engineering and sciences, the computation
in CG&C must take place onboard a vehicle, mostly in real time. CG&C allows much more
complex guidance and control tasks to be performed than ever before, offering great
potential for significant increase in autonomy, capability, and performance without the need
for additional hardware orincrease in system complexity. This presentation will focus on the
transformation of the guidance methods and algorithms for space transportation systems,
driven by the demand for higher performance and enabled by advances in theory and
computational power. Examples of legacy technology and state-of-the-art guidance

algorithms will be provided and contrasted in selected applications.
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[ Technology Demonstration Results of Trajectory Control in the Sun —Earth —Moon
Region by SLS Artemis-1 CubeSat EQUULEUS and Its Future Perspective |



Abstract

EQUULEUS is a 6U CubeSat developed by the Japan Aerospace Exploration Agency JAXA)
and the University of Tokyo, aiming to reach the Earth-Moon second Lagrange point(EML2)
and perform scientific observations there. After being inserted into a lunar transfer orbit by
SLS Artemis-1 on November 16,2022, the spacecraft completed checkout operations and
successfully performed a delta-V maneuverand subsequent trajectory correction maneuver.
This enabled a precise lunar flyby as planned and successful insertion into the orbit toward
EML2, which will take advantage of multiple lunar gravity assists and the gravity of the Sun.
EQUULEUS is equipped with a water propulsion system newly developed by the University
of Tokyo, and became the first spacecraftin the worldto successfully controlits orbit beyond
low Earth orbit using water propulsion. The successful precise orbit control in the Sun-—
Earth—-Moon region by EQUULEUS, a 6U CubeSat weighing only 10kg, has opened the
possibility of full-scale lunar and planetary exploration by CubeSats. This presentation
describes the early operational results of EQUULEUS during its flight to EML2, with special
emphasis on its precise orbit determination, guidance, and control results, and also provides

an insight into the future of deep space exploration with nano/micro-satellites.
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[ Analysis and Experimental Evaluation of a Rebound Mitigation of a Target Marker |
* AR BH(EEK - k), ®RE BET - ), B8R E8ES), &% BUAXA)
Abstract:
Hayabusa? used artificial landmark called Target Marker (TM) as a navigation aid. To
mitigate the rebound motion on an asteroid surface, the TM is composed of a shell and
hundreds of small balls. Due to the collision among small balls dissipating the energy,
rebound motion becomes smaller. We evaluate the rebound mitigation performance and
translational motion after the rebound. We validate the proposed theory by the microgravity
experiment conducted in a drop tower. This paper contributes to the design of payloads in

asteroid missions.



ASTRO-2023-A002
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[CFD-DEM Analysis of Lunar Regolith Dispersal by Plume Impingement
*hO 8. (BREX - B , AL X (BEX)
Abstract:
Plumes exhausted from a landing engine mechanically erodes and scatters particles of
regolith-covered planetary surface. The dust due to the particle erosion and dispersal
seriously damages extraterrestrial infrastructures on the lunar surface to be built in the
future. In this study, a one-way coupled CFD-DEM analytical method is adopted to
investigate the particle behavior by the plume impingement. The Apollo lunar module and
descent engine are modeled in the CFD framework to obtain gas flow reflected at the
surface. The DEM particles are carefully calibrated based on the adhesion and internal
friction angles since the viscous erosion is the dominant dispersal mechanism. The results
shows that the particle trajectory angle is quantitatievly consistent with that estimated from
the Apollo landing video.

ASTRO-2023-A003

[RIEAFKEAADRX T ZAZD/NILRAEHICL 2L TY XRBERRICEET 2058

[ Experimental study on the scattering of regolith due to thruster pulse injection to celestial
surface
* B RRI(EEA - o), Wl ELLFERHEKR - Bo), B WA, & A, L BN, EFH
REBUAXA), BER AE(FERK)
Abstract:
When landing on a celestial surface, a spacecraft pulses injection toward the celestial
surface while adjusting. The plume causes regolith to scatter and adhere to mission
equipment, degrading its performance. However, most of the previous studies have used
only continuous injection, and there are few studies using pulsed injection. In this study, the
effects of different injection methods (continuous and pulse) on scattering counts through

experiments in which gas was injected into a sandbox in vacuum.

ASTRO-2023-A004
[RZZZEHAL T ARECRRICE R 2 5207
[Evaluation of the effect of thruster injection on regolith scattering phenomena J



L) B FREEK - Br), 1B KRTERK - Br), B, EF FRES, KFT & &
A, 2 HE—UAXA)

Abstract:

When a spacecraft fires its thrusters near the surface of a celestial body, objects on the
surface of the body are scattered in the vertical direction and adhere to the instruments
mounted on the spacecraft, degrading their performance. This phenomenonis thought to
be influenced mainly by the crater shape and fluid flow generated by thruster injection.
These effects are discussed through experiments and simple numerical calculations in
which thrusters are injected into a sandbox inside a vacuum chamber.

ASTRO-2023-A005
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[ Simulation Study on Slope Landing with Vented Airbag System |
* Bl EREE (RK - Bo) , 184 BB (JAXA)
Abstract:
Un-even terrain exploration is a major challenge for future lunar and planetary exploration.
We considered applying the vented airbag to slope and rough terrain landings, taking
advantage of its flexibility and responsiveness. The conventional one-dimensional, one-
degree-of-freedom landing simulation was extended to a two-dimensional, three-degree-
of-freedom simulation to confirm the behavior of the entire spacecraftduring slope landings.
As a result, the exhaust timing was found to have a significant impact on stability, so the
exhaust decision algorithm was improved. We were able to significantly improve stability
during rough landings.
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[OMOTENASHI Z 280 B HI1H % D #E - ZEAER]
[ In-orbit Operation Results of OMOTENASHI
Attitude and Orbit Control System |
* A BIEE, RGERE B, E E AT BEML It £, BE 27 TR & kA
s (UAXA)
Abstract:



OMOTENASH | spacecraft was launched by NASA SLS Artemis-I on November 16, 2022.
Its mission was demonstrating semi-hard landing technologies to the moon surface and
observing radiation environmentof cis-lunar region. However, its initial attitude acquisition
was not completed, and the spacecraft lost its power. We are continuing rescue operation
till now. In the presentation, we will show the results of the initial attitude operation.

Moreover, the separation disturbance from SLS is analyzed in order to estimate
OMOTENASHI trajectory.

ASTRO-2023-A007
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[ Attitude Maneuver Controller Design for Hayabusa? Asteroid Flyby Observation
* ORI REBILK - #), BIHF LAGRRIIIKR), =# B UAXA)
Abstract:
One of Hayabusa?'s extended missionsis a flyby observation of Asteroid 2001CC21in 2026
using the onboard narrow-angle camera fixed on the spacecraft. A fast attitude maneuver
is required to track the asteroid in the image during the flyby observation. As one strategy
for attitude maneuver “Visual Feedback Attitude Control” is proposed here. The position of
the asteroid in the captured images are recognized utilizing image processing and this
information is used as feedback signal to the attitude maneuver controller. The performance
of this controller is verified from numerical simulation considering actual constraints on

sensors and actuators.

ASTRO-2023-A008
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[ Multi-Target Attitude Control and Morphology Evolution of Space Robots via Deep
Reinforcement Learning |
* R REEKX - ), E AFEERX)
Abstract:
In this study, we numerically evolve morphologies of space robots that control their attitude
through shape maneuvers under conditions of vanishing total angular momentum. We apply
deep reinforcement learning to find optimal shape maneuvers for attitude control with the

reward setting for control accuracy and control time. We then use the Q-function obtained



in the attitude control to evolve morphologies of space robots via particle swarmoptimization.
While our previous study evolved morphologies of space robots for a specific attitude change,
this study evolves morphologies of space robots so that they are suitable for arbitrary

attitude changes, i.e., multi-target attitude control.

ASTRO-2023-A009
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[ Evaluation of high-dynamics GNSS attitude determination module for satellite and rocket
applications ]
* IR BEZ, A F—, ™I KE, FH AEUAXA)
Abstract:
Based on the high dynamics GNSS receiver used in the space transportation system, we
conduct research on adaptation to the attitude determination system using the GNSS
compass. Because GNSS attitude determination uses carrier waves, signal tracking is more
difficult than GNSS stand-alone positioning that uses code positioning. It is important to
design signal tracking filters that adaptedto the high dynamics of rockets and satellites, and
the overlap of the antenna patterns of the two antennas. Integreted navigation system with
MEMS IMU will also be reported.
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[ Two-Degree-of-Freedom Control of Spacecraft with Flexible Structures in Minimum-Time
Attitude Maneuvers |
*OBH BITRERAIZK - Br), ™ =, WE ZTEKRAILK)
Abstract:
For spacecraft with flexible structures such as solar array paddles, residual vibration causes
disturbance. To avoid the occurrence of residual vibration, it is essential to provide
appropriate control inputs during attitude maneuvers. In this study, a feedforward control
input is employed for attitude control of a spacecraft with multi-flexible modes. The control
input is a continuous-time control input expressed in the form of a time polynomial, which

simultaneously achieves attitude maneuver of the spacecraft in an arbitrary direction and



suppression of residual vibration of flexible modes. A two-degree-of-freedom control system,
a kind of feedback control, is employed to ensure robustness against modeling errors and
disturbances. Finally, we demonstrate through numerical simulation the effectiveness of the

proposed controller.

ASTRO-2023-A011
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[ Analysis of Coupled Motion of Large Flexible Structure and Microsatellite in Low Earth
Orbit]
* M IR(SED), Bl FR1TUAXA)
Abstract:
A constrained mode model has been used for modeling the dynamics of large geostationary
satellite with Large Flexible Structure (LFS). On the other hand, it has rarely been used for
satellite with small moment of inertia. In addition, the coupled motion of LFS and satellite
in Low Earth orbit (LEO) isn't well understood. In this paper, a constrained mode model is
applied to satellite with smaller moment of inertia than LFS of 10 m in diameter, and the
effect of the flexibility of the structure on the dynamics of the satellite in LEO is estimated.
As aresult, it was found that the flexibility of the structure has little effect onthe translational
motion, and the effect on the rotational motion is determined by the ratio of the magnitude
of the moment of inertia of the satellite to that of the LFS.

ASTRO-2023-A012
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[ Shape reconstruction of membrane structures with microwave interferometry:
Experimental results
*RR 777y BES (AXA), f1H B (FIT) , ZAE &/ (S&MWT) |, Bl JEX G
K- Be) I 2B (SRMWT) |, 7 B (JAXA)
Abstract:
Large membrane-deployable antennas have been explored as a light-weight solution to
achieve 10m-class antennas for space systems. Operating synthetic aperture antennas on
board flexible membrane structures requires the measurement of the membrane shape
under deformation and compensating for this to properly synthesize a beam.

In this work we propose to illuminate the membrane-deployed synthetic aperture antenna



with external sources to reconstruct the membrane shape using microwave interferometry.
This technique is demonstrated both by simulation and experiment. The new technology
demonstrated in this work will serve as a stepping stone towards 100m-class deployable

antennas for communication, Earth observation and outer planet exploration.
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[ Investigation of Transfer Method Utilizing Distant Lunar Gravity |
*FREE KRR (BETK - B, IS BReL (JAXA)
Abstract:
It is important to understand the influence of the moon's gravity for saving fuel in various
planet-moon systems missions. Previous studies focused on the moon's gravity as a
perturbation around the apogee, but it affects spacecraft orbital elements even in low-
altitude regions. This study identified the effect called "Distant flyby (DF)," where the moon's
gravity leads to changes in orbital elements beyond its sphere of influence. There are two
types of DF; DF-A occurs near the apogee, while DF-O occurs during the perigee to apogee

transition. Understanding distant flybys offers insights for missions in planet-moon systems.

ASTRO-2023-A014
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[ Design of Chaotic Transfers Based on Lobe Dynamics |
*E mE k- B, IRE MK, AR s (LK)
Abstract:
Itis generally challenging to utilize chaotic trajectories for designing transfers with small fuel
consumption. This study enables incorporating these trajectories into low-energy transfers
by leveraging lobe dynamics. Lobe dynamics describes phase space transport in the chaotic
sea based on the “lobe,” the region surrounded by stable and unstable manifolds of a
periodic orbit. The proposed method connects the lobe dynamics of several periodic orbits
by impulsive inputs and realizes a chaotic transfer. The numerical examples in the standard
map are demonstrated, and the application of the proposed method to spacecraft trajectory

design is also discussed.



ASTRO-2023-A015
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[ Quasi-optimal Continuous-thrust Orbit Transfer between LEO Circular Orbits ]
* B EW(EEBH), LH "EKRKRAIIKT)
Abstract:
In this presentation, the quasi-optimal orbit transfer between LEO circular orbits using
continuous thrust will be studied. We extend the Split Edelbaum Strategy, which performs
orbit transfer in 3-phase (burn-coast-burn) by directly controlling the semimajor axis and
inclination using continuous thrust. Proposed strategy directly controls the right ascension
of ascending node as well as semimajor axis and inclination. Numerical simulations confirm
the effectiveness of the proposed strategy when the percentage of coasting intervals in the

3-phase is comparatively small.

ASTRO-2023-A016
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[ Study on resonant flyby orbit design using SINDy |
*FRE CMRELK - B, R REERIIA), DE RVRERK - BT, BB BikUAXA)
Abstract:
An efficient orbit design method utilizing lunar flyby is required for realizing lunar orbiting
and beyond lunar missions. Although its use has been considered in actual missions,
resonant flyby orbit design is challenging because it requires consideration of complex
dynamical models such as the Earth's gravity and the Moon's inhomogeneous gravity field.
Therefore, this study proposes an efficient resonant flyby orbit design method using SINDy
under the three-body problem.

ASTRO-2023-A017
[LEO 2R & L7- BHED DRFAN QLR E MHIKH H#E & RFH OTV OiRET |
[ Investigation of LEO as a parking orbit for flexible/economical interplanetary Earth
departure and DSOTV concept]
*EFF A EE EFE, EE E—UAXA)
Abstract:



The interplanetary departure conditions of deep space probes are diverse. Thus, deep
space missions conventionally require dedicated launch vehicles for each and cost greatly.
While a significant reduction of unit launch cost per weight to the low Earth orbit (LEO) is
expected shortly, the direct interplanetary Earth departure from LEO usually lacks flexibility
and efficiency.

This study aims to realize frequent low-cost interplanetary Earth departure by filling the
transportation gap between LEO and deep space without sacrificing the arbitrariness of the
original LEO, the target V-infinity vector, and the departure epoch. As one solution, this talk
infroduces the orbital sequence adopting the one-revolution Earth free-return orbit
(1IrEFRO) and the consequent Earth gravity-assist (EGA). The status of investigating an
alternative sequence, and the ISAS/JAXA's concept of deep space orbital transfer vehicle
(DSOTV) are also reported briefly.
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[RELBEBE & X 7 R AEHEEIC LD EEGED L DIRBERZED ML —FF 7|
[ Trade-Off between Fuel Consumption and State Variables Error from Reference Trajectory
Induced by Delta-V Execution Error |
PN YN/NIN
Abstract:
Minimum-fuel solutions, which have often been soughtin trajectory optimization problems,
can place maneuvers at dynamically sensitive locations that may diminish the robustness
against delta-v execution errors. The present study considers not only the fuel-optimal
problem minimizing the sum of magnitude of delta-vs but also the minimization of the sum
of magnitude of state variables errors from a reference trajectory induced by delta-v
execution errors. A homotopy path connecting the two problems is explored to reveal the
trade-off between them.

ASTRO-2023-A019
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[DESTINY+: Trajectory design and operation planning analysis of spiral orbit raising phase |
LA BT Bl B, T, I G, A2 ok, =8 st (AXA), A0 E(E



+38)

Abstract:

DESTINY+ will be injected into a highly elliptical orbit around Earth by an Epsilon S rocket
with Kick Stage. After that, DESTINY+ gradually raise its altitude in a spiral trajectory using
low-thrust ion engines. This presentation provides a trajectory design and operational
planning analysis during the spiral orbit raising phase. To escape the radiation belt during
the first half of the ascent, the ion engine will be fired in the tangential direction. However,
slight errors in thrust and direction may cause deviations from the planned trajectory,
potentially leading to the loss of the spacecraft from ground-based observation.We propose

a method to continue spiral orbit raising operations under such circumstances.

ASTRO-2023-A020
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[ Out-of-Ecliptic Trajectories with Electric Propulsion for Solar Polar Observations |
*EE BEGKX), Bl B, Al M Al B2, BE BEVAXA), NI FEECL
R), B FROAXA), IBH Z2, \H RE&X), BHF ENAO), 5H Z=(EXN)
Abstract:
One of the biggest objectives of solar physics is to investigate the deep internal structure of
the Sun, which can be accomplished by stereoscopic helioseismology, i.e., the observation
of multiple locations with different latitudes at the same time. However, escaping from the
ecliptic plane to reach a high latitude requires tremendous amount of velocity increment
that can hardly be realized using a spacecraft propulsion system alone. This study presents
a design method for out-of-ecliptic trajectories using electric propulsion and gravity assists.
The orbital inclination is raised repeatedly through repeated Earth encounters controlled by
electric propulsion. Optimization of many-revolution trajectories is computationally
expensive because of its broad solution space, which makes it difficult to solve using
conventional direct or indirect methods. To solve this issue, we propose a surrogate -based

approach in which each revolution is approximated using a neural-network-based model.
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[ Relationship between Deep Space Manerver and Time of Flight on Week Stability
Boundary Orbit Transfer |
* otk BUE, R B (AXA)
Abstract:
Week Stability Boundary transfer is strong candidate to Gateway. In logistic missions sevral
kinds of cargo will be tranferd. In such situation, there are preferable transfer time may be
required. For this purpose, this study asseses the relationship between Deep Spcae

Manerverand Time of Flight which will give choices to mission designer of logistic missions.

ASTRO-2023-A022

[DVEGA Z AW EHEEM I v > 3 > ORIKER AL D&

[Study on the possibility of multiple interplanetary missions with a single launch using
DVEGA]
* PR EE(ANU - Be), JITE SZ—BR(ANU)
Abstract:
Along with the recent high demand to explore Jupiter regions, more launch opportunities to
those regions are expected. This study investigates the possibility of realizing different
insertion conditions to Jupiter for the main and piggyback missions with a single launch. The
developed strategy uses the additional maneuver after the DVEGA's maneuver to change
the encounter condition to Earth and realizes the different insertion condition to Jupiter. This
paper also studies the solar polar observation mission that requires higher relative velocity

at the Jupiter insertion as an application of the piggyback mission.

ASTRO-2023-A023
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[ Rapid-Response Trajectory Design for ISO via Flyby Cycler |
* 74 &)L BT —)L(ESTACA, master student)
Abstract:
DESTINY+ is an upcoming JAXA interplanetary mission expected to fly by the (3200)
Phaethon asteroid. Pierre's internship contributed to DESTINY+'s orbital mission design, by
performing a simulation on Python of 1SO (Interstellar Object), to predict where there enter
the Solar System, get their initial position, and their detectability, to anticipate an orbital

rendezvous.



We can deduce from the results that most of them enter the Solar System near the Solar
apex. The internship stopped at the detectability criteria, and the next step is to propagate
the position vectorinto a trajectory, to get the detectability of the ISO inside the Solar System.
Then, it will be possible to solve the Lambert Problem to getthe optimal interplanetary orbit

from Earth to the asteroid.
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[In-plane deployment analysis of satellite constellation using atmospheric drag |
*HAR SRR - BT, B JIE, LB mEERK)
Abstract:
This study examines an atmospheric drag-based deployment method for satellite
constellations without fuel consumption.
Since the rate of the argument of latitude changes depending on the semi-major axis, it is
possible to separate the in-plane positions of satellites if they take different semi-major axis
trajectories.
Therefore, when the cross-section of each satellite is appropriately changed, each satellite
can be deployed to its designated position due to the effect of the atmospheric drag.
In this study, the required cross-section trajectories and resulting orbit trajectories of
satellites in the required constellation are mathematically formulated.
In addition, the validation and the practical example of the proposed analytical model are

introduced.

ASTRO-2023-B002

[ Artificial Potential Field strategy for spacecraft swarm formation gathering |
* Ruggiero Dario(POLITO, PhD student), Capello Elisa(POLITO)
Abstract:
Recently swarm of smaller satellites are getting the attention of the space community for
their properties of scalability, robustness, and flexibility. Once spacecrafts are released, the
GNC subsystem must guarantee the spacecrafts to be gathered in formation. Distributed

Artificial Potential Field based algorithms are investigated. The proposed approach can be



generalized, and allows to minimize the data needed to reach the formation. This guidance
algorithm allows spacecrafts gathering around the target position at the required distance.

Some simulations are performed to show the performance of this approach.

ASTRO-2023-B003

[HIRE [ #18 TEIRT 2 BERREMRIT | LB HZF DERK]

[Ultra-Precision Formation Flying in Earth Orbit: Exploring Astrodynamics |
* FEE EKIFUAXA)
Abstract:
Possible use of Earth orbitis presented for ultra-precision formation flying. The Earth orbit
is beneficial as its transportation cost to the desired orbit is relatively small and coarse
autonomous formation control is attained by using the Global Navigation Satellite System.
Its feasibility hinges on whether there exist specific Earth orbits satisfying the small
disturbance environmentfor the rigid and continuous formation control and the favorable
observation conditions. The developed theory of orbital motion elucidates that the
magnitudes of each disturbance are characterized by the semi-major axis, mean eccentricity,
and size of formation. The suitable orbits are found in high Earth orbit for the triangular
laser-interferometric gravitational wave telescope with 100 km in size, and in middle Earth

orbit for the linear infrared interferometer with 0.25 km in size.

ASTRO-2023-B004
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[ Satellite Specification Research for Distributed Antennas Using Electromagnetc
Formation Flight]
b Bd (BHEK - B, &is 8% EIK- B 8 15 EBILN  RkHF B
—EB (ISAS)
Abstract:
Although the large antennas in orbit are expectedto reduce the overall cost by splitting the m
up using formation flight technology, highly accurate position control is required.
Electromagnetic formation flight (EMFF) can be considered to realize this technology, as
they do not use fuel and are therefore suitable for long-term missions. This study proposes
specifications for a formation-flight satellite, including the electromagnetic coils used for

attitude control of EMFF. The optimum calculations are performed for the number of



satellites, and not only the coil specifications but also the distance between satellites, the

maximum current value and the power consumption value are proposed.

ASTRO-2023-B005

[ Formation Flight around Halo Orbit in CR3BP using Center Manifold |
*® I=-3> (PU - )
Abstract:
With an increasing interest in space missions in multi-body systems, study for formation
flight strategies in such system also has been actively demanded. In a Circular Restricted 3
Body Problem (CR3BP) system, a periodic orbitis usually non-elliptical and mostly unstable.
However, a few orbits in certain types of orbital families found in CR3BP are stable, and
thus natural formation flight can be achieved. In this talk, halo orbits, one of the well-known
periodic orbits in the CR3BP configuration, and the natural flight formation with its key
characteristics will be introduced.
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[ Dust Impact Analysis and Guidance, Navigation and Control Design during Comet Flyby
for Comet Interceptor Mission |
ek BN, BlE BEUAXA), R EEEKX), &5 &l B 5EUAXA)
Abstract:

One of the challenges for the guidance, navigation and control (GNC) system of the Comet

clit

Interceptor mission is to maintain the spacecraft's attitude against impact effects by
cometary dust. In this study, a dust impact modelis derivedand the GNC designis proposed
through Monte Carlo analysis.

ASTRO-2023-B007
[Stereo Visual Odometry 7= O S RINICE T 51857

[ Study on Feature Points Selection Scheme for Stereo Visual Odometry ]



* A ER (EK ), ARE Z (JAXA)

Abstract:

Visual Odometry (VO) is a methodto estimate a robot's position and pose by tracking feature
points in sequential images. For planetary exploration rovers, however, VO is time-
consuming processing, especially in the stereo matching of feature points. To address this
issue, this research proposes a VO method that separately selects the feature points used
for rotation estimation and those used for posture estimation. It was confirmed by the
verification with the actual rover thatthe proposed method can reduce the time required for
VO processing while maintaining the estimation accuracy.

ASTRO-2023-B008
[BREFETCOEBRMEICE T DRGEEICONZ MRy F > BT 7L —
MMERFE]
['A robust method against Solar condition to generate Initial Template Image for Optical
Navigation in Planetary Exploration |
*PTE EN UAXA) |, MHE mE, BR B8, WA thl, KB [l (JAXA)
Abstract:
A template matching is one of typical methods for optical navigation of decent/landing
operation in planetary exploration. In the case of uploading initial template from the ground,
however, it is severe operation condition to prepare the template by remote-sensing
corresponding to solar condition of decent. In this study, to maintain the accuracy of optical
navigation, we propose robust generation method of the template image against the solar
condition by increasing contrast using histogram equalization to take Phobos landing as an
example . In addition, we propose the remote-sensing operation strategy to maintain the
robustness.

ASTRO-2023-B009

[(HEHEBEDTEEMTIZHET S Moving stereo ZF W -4 ik — REEMHEICEST
% Tl |

[ Preliminary analysis on Moving stereo-based on-board guidance and navigation under
thrust and mass uncertainties |
* KA = BN W GEX - B, BIF KA ER — UAXA)
Abstract:



In the Hayabusa? mission, a guidance and navigation method using moving stereo was
implemented in asteroid rendezvous phase. Moving stereo is a range estimation technique
where a spacecraft follows a zig-zag path and captures images, allowing for the estimation
of the range betweena chaseranda target by comparing the target's positions in the images.
In addition to the captured images, the spacecraft's thrust and mass are also considered for
estimating the moving distance in moving stereo calculations. However, estimating the thrust
and mass accurately is challenging, and this uncertainty can impact the accuracy of
spacecraft position estimation, ultimately affecting the docking precision. Therefore, this
paper aims to evaluate the docking error resulting from uncertainties in thrust and mass.
Additionally, the reduction in error achieved by incorporating on-board Doppler

measurements was assessed.
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ASTRO-2023-B010

(BT Yy b E—ZDRAXA 2> 7 %ERE L 7= Touch-and-Go Sampling Probe M5
BH|ICET 2 EE]

[ A Study on Ignition Timing of Solid Rocket Motors for Guidance Law of Descending Phase
with Touch-and-Go Sampling Probe |
AR EC, A FJE, P RNGEKX ), T BE, &4 EX A 5E &R
fil, =@ BXR), E2E HE—UAXA)
Abstract:
In Hayabusa and Hayabusa-2 mission, the spacecrafts themselves landed on the asteroids

il

for obtaining the samples, then they had to take the risk of breakdown by touchdown. We
have suggested touch-and-go probe as an ultimately simple sampling device with solid
rocket motor. This motor has a negative character that the thrust cannotbe controlled once
ignited and the burning time is short. This paper discusses the study of ignition timing of
solid rocket motors for guidance law of descending phase with touch-and-go sampling
probe. We simulate the landing case study and analyze the robustness against the initial

condition error.

ASTRO-2023-B011
DEA X =7y MO L CERAIEEA L — Y & AL ENUESE]



[ Relative Navigation and Guidance Using Beacons Applicable to Long-range Targets ]

A EREKX ), R Ty BEE & A ZA HE—UAXA)

Abstract:

In order to realize relative navigation and guidance for distant targets to which optical
navigation cannot be applied, we propose the use of beacons. The parent spacecraft
estimates the direction of arrival of the beacon transmitted by the child spacecraft. It then
estimates the relative orbit of the child using only its angular information. Even if the SNR
is low, it is possible to estimate the direction of arrival of radio waves. Therefore, the
proposed methodology can be applied to the relative navigation and guidance distant targets.
We have studied methods for estimating the direction of arrival of beacons and schemes of
navigation and guidance using only angle information through numerical simulations and

experiments. In this presentation, the status of these investigations will be reported.

ASTRO-2023-B012

NEPRT 2 #ICBT 2 BRI EF A L7AEICEET 2552

[ Study for Natural Feature Tracking Navigation of Hayabusa2# |
* =t B UAXA)
Abstract:
After bringing Asteroid Ryugu's sample back to Earth on December 6th, 2020, Hayabusa?
started the extended mission. The next destination is the asteroid 1998 KY26, and it will
arrive at this asteroid in 2031. This asteroid is a fast rotator, which is a very small asteroid
of severaltens of meters in size and spinning at a high-speed rotation period of 10 minutes.
Such a body has a special physical environment where centrifugal force is stronger than
gravity on the surface of the asteroid. In such an environment, the target marker cannot be
stationary on the asteroid surface, and the touchdown method proven for Ryugu cannot be
used. Therefore, we are considering applying the touchdown method without relying on the
target marker by adding a new function of natural feature tracking. In this study, we present
the preliminary analysis for such a new function based on the installed on-board function
of HayabusaZ.
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ASTRO-2023-B013



[REMEAEREE F CORITESET ILICEDN
BRERT 24 1311281 5 BENGEMEAEDIRE

[ Navigation and Guidance Method for Autonomous High-speed Flyby Based on
Spacecraft-Centered Reference Frame Formulation |
*EA KA (K- B, EHE HE— JAXA)
Abstract:
The current control methods for deep space explorer require communication with the Earth
to obtain the result of orbit calculation held on the ground, whose robustness is so low.
Therefore, the technology of autonomous navigation and guidance technologies using the
small amount of information and computational resources available to exploreris possible
to increase the feasibility of deep space projects. This research proposes a control method
using dynamics model derived from the equation of relative motion to the target asteroid on
the explorer-centered coordinate system, which is evaluated by flyby simulation of

Hayabusa 2.

ASTRO-2023-B014

[LTYRICEDIERRI2ANEAA THBETERXR—T v bx—hbTvF IO
HE ]

[ Camera Degradation by Regolith in Hayabusa? and Revision of Target Marker Tracking J
* B EFUAXA), BHF LAGRIIIR), =8 mt, F @A, KB BIUAXA), &
B #A, ME FZANEC), 18R A6, (£8 FF(NECSpace), Bt KA, £B FMH,
2= HE—UAXA)

Abstract:

EZRRT2 Iy arTE, BRRYFRIYTHEHAZIHELIZL TURICE
DHEN L0%FE TIET LIzZ&ICLY, =T v bx—h+ZvFo TMT) FOH
BEGMENEEB Y ICBF La <o 7. AKX TEEROILERETIRR BLUOS
“ERy FLT AT T TMT 2R RIEEE I 27281217 2 7of# T E MBI DL TEHR
CERCE

ASTRO-2023-B015

(&= y b~ —H—DRERHDIKFEARDOBEHIIFICE 2 2 FE DT
[Evaluation of the Effect of Spikes on Target Marker on Horizontal Movement Reduction J
*RE BEE - ), AR BhEEK - ), B8R EHED), 7 BUAXA)



Abstract:

Hayabusa and Hayabusa? successfully landed on an asteroid by dropping a spherical
artificial target with four spikes on its surface, called a Target Marker, at the target position.
While methods to suppress bounce have been studied during developmentand in previous
research, reduction of horizontal movementhas rarely been examined. The purpose of this
study is to investigate how the shape of the spikes on the Target Marker affects the
suppression of movement. The behavior was analyzed based on parameters such as the
number and length of spikes and the angle of contact with the ground, and the effect on

movement was evaluated using a two-dimensional numerical analysis model.

ASTRO-2023-B016

[ Feature-based optical navigation around Phobos |
* Ciccarelli Edoardo(PhD candidate), Baresi Nicola(Lecturer)
Abstract:
In the coming years, the Martian Moons eXploration mission will be the first of its kind to
reach and study Phobos over a prolonged period, opening the doors to a deeper
characterization of its internal composition. Recent publications from our research group
have shown the effect of adopting different orbit geometries and different types of data in
characterising Phobos's gravitational environment. Following up on these analyses we
investigated the effect of adopting optical data in the estimation chain. It was found that the
adoption of features-based optical navigation would significantly help to refine the

knowledge of the moon's libration angle and gravity field.

ASTRO-2023-B017

[Int-Ball2: 7 A~Z ZJEHIBMEZBEBRAYICHIAB LIca /37 Mg bLo #EES R
T L]

[ Int-Ball2: Compact high-torque propulsion system actively utilizes propeller air drag
polarity ]
*BER BRE, AT HE, FEH KHUAXA)
Abstract:
We have developed a compact omni-directional propulsion system capable of six-degree-
of-freedom flight control in a zero-gravity environmentin an inboard pressurized section

such as the ISS.When employing an air propulsion propeller as an actuator, the design must



take into account the effects of angular momentum and air resistance of each individual
propeller due to its rotating property. When high thrust is required under the volume resource
limitation of a robot, a small number of large propellers are used, and the propeller axes are
arrangedin a radial direction from the near center of gravity. This would cause an imbalance
in the magnitude of the 3-axitial torque if only the thrust moment torque is considered. We
devised a configuration that reinforces the torque output by actively utilizing the polarity of
the air drag generated by the propeller rotation as output torque. This configuration was
applied to the Int-Ball2 and its effectiveness was confirmed through thrust tests.
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ASTRO-2023-B018

[RERJEZFAT 2 FEEEROZERR]

[ Aero-Braking for Spacecraft at Planet Atmosphere |
*E BHE
Abstract:
Deceleration of spacecraft which is arriving at target planetin solar system include moonis
essential to settle into the target body orbit. Itis common method which use inverse thrust
force of spacecraft. The deceleration method of spacecraft which is applied planet
atmosphere drag force for fuel saving, is called Aero-Braking of Spacecraft. As like inverse
thrust force of spacecraft is applied several times repeatedly, the method of using
aerodynamic drag force of planet atmosphere is also accomplished repeatedly at near
periapsis of planet orbit. Mars upper atmosphere has very thin density and so destruction
dangerous of spacecraft by friction heat is relatively low. In this paper discuss theoretical

analysis of aero-braking deceleration sequence by mars atmosphere for spacecraft

ASTRO-2023-B019
[(REXTT7AF v 7F v CHIOTRRTFHES ]
[Pushing the Limit of Deep Space Exploration by Jovian Aerocapture |
* AN BEEEK - b)), EH HE—UAXA)
Abstract:
In general, deep space exploration beyond Jupiter tends to take a long period of time. This

has been a major barrier to the budgeting of deep space exploration programs. In the Juno



spacecraft case, 99.4% of the mission time is spent waiting for observations because the
all-chemical propulsive spacecraft design has limited AV performance and cannot place
spacecraftinto a low science orbit. Jovian aerocapture could be an effective solution to this
problem.

This paper discusses the benefits and technical challenges of Jupiter aerocapture. The
feasibility of direct interior exploration of Jupiter's Great Red Spot and interior satellite
exploration using aerocapture technology is also discussed.

ASTRO-2023-B020

[ Mission design for small satellite Earth aerobraking |
* LT Ty IRIUT Y, K BIER (BEX)
Abstract:
Aerobraking is appealing for low-cost planetary exploration. This method of orbit control has
been demonstrated by several large satellite missions, but has yet to be performed by a
small satellite. This presentation proposes a nanosatellite aerobraking mission for Earth
orbit.

Jul 25'"(Tue) Room B PM2(15:45-17:15) Abstracts

ASTRO-2023-B021
[ERERIHEE OBERNERICK 2 EERERED T v bOMEEMER FICEEY 5%
[Improvement of Tipping Resistance of Vertical Takeoff and Landing Rocket by Reducing
Friction Force between Landing gear legs and Ground |
*IRE RAEFEK - BT, 0L BN, AIEF KER, & A, EFF HREBUAXA), BeR NiF(E
)
Abstract:
It is known that a lunar/planetary spacecraft is less likely to tip over during landing if the
frictional force between the landing legs and ground is small. In this study, we assume a
vertical takeoff and landing rocket that lands on flat, level ground, and consider improving
tipping resistance by actively reducing the coefficient of friction between the landing gear
legs and ground. We evaluated the landing behavior of the rocket when the coefficient of
friction is changed by simulation. We considered wheels as a means of actually changing

the coefficient of friction, and then evaluated the landing behavior for model of a rocket



when the wheels are attached to the tip of the landing gear legs by experiment.

ASTRO-2023-B022

[BEROT Yy FERBOIRIREIZBERITOLA F I 7 XIZET 557

[ Present status of reusable rocket experiment and study on re-entry flight dynamics |
* Bprh BEUAXA)
Abstract:
For verifications of key technologies to realize the construction of future reusable space
transportation systems, we progress in a technical demonstration study at a system level
using a small flight demonstrator. The demonstrator is called “reusable vehicle experiment,
RV-X". For the development of future reusable systems, moreover, we study the re-enty
flight of reusable vehicle to minimize the propellantrequirements for landing. We suggesta
flight profile with nose-first entry and turnover maneuver to decelerate using aerodynamic
drag force. In this paper, present status of the research on reusable vehicle for flight

demonstrations and aerodynamic studies of re-entry flight are reported.

ASTRO-2023-B023

(27 7V =27 v BB LICBERERAOT v b ORITHERE & 2Dk
ES=

[Investigation of Flight Trajectory of Reusable Sounding Rocket with Air-breathing Engines
and its Technical Issues ]
* AR, R BLEA, Kl B2, IRA B, =08 ERIUAXA), SIO K (EBIKA), WL
i B2 UAXA), ik BH(EX), B BRUAXA)
Abstract:
ISAS has been studying a reusable sounding rocket. We are also considering a system that
can increase payload or reduce the system size by installing an air breathing engine. In this
presentation, we will analyze flight trajectory of the rocket and discuss the characteristics of
the flight trajectory for using the air-breathing engine. In addition, we will extract technical

issues specific to the rocket and discuss how to deal with them.
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ASTRO-2023-C001

[ZRIEADTRE7 4 — KNy JHIENC L 5 NIRRT ER & Z D NFHEE]

[ Equilibria and Dynamical Structures with Quadratic Optimal Control |
*EBH T (UK - B | IRE FRk (JLKX) |, Scheeres Daniel J.(Colorado Univ.), 244
g (k)
Abstract:
In this paper, we derive the new equilibrium points realized by continuous optimal control
inputs and investigate the dynamical structure around them. Using the Euler-Lagrange
equation, which is a necessary condition for optimal control problems, the equations of
motion of a dynamical system with optimal control inputs that minimize the cost function in
the quadratic form are described in terms of state and adjoint variables. Based on these
equations of motion, conditions for equilibrium points are derived and the properties of
equilibrium points in two-body and Hill three-body problems are analyzed. The stability and

dynamical structure around unstable equilibrium points will also be investigated.

ASTRO-2023-C002

[FEER ) A X% FU 72 PR = R RERE O K3 72 2 AT |

[ Global analysis of the Circular Restricted Three-Body Problem using Stochastic Noise
* & AFOLK - Be), I MR, SR Ba(hK)
Abstract:
In optimal control problems, the optimal cost for an initial value is called the value function.
Attractive sets, which are contours of the value function, allow us to analyze the global
properties of the optimal control problem.
However, it is difficult to obtain the value function of the Circular Restricted Three-Body
Problem because of its strong nonlinearity.
In this study, we show that can be obtained more easily than the usual nonlinear optimal
control problems by using one of the methods for solving nonlinear stochastic optimal
control problems called the path integral optimal control and attractive set of the Circular
Restricted Three-Body Problem is discussed.

ASTRO-2023-C003

[Bounded orbits around small moons in the J2-perturbed elliptic-restricted three-body

model |



* i AMBEOLAR), =7 Bk - BR)

Abstract:

The confirmed MMX and HERA-Juventas and -Milani missions are targeting Martian moons
and the binary asteroid system’s moon Dimorphos, respectively, where the dynamics are
very different from that around the other asteroids or big planetary moons ever visited. The
orbit of the small moon and its vicinity are significantly perturbed by the non-sphericalgravity
field of the planet as well as the relative positions of the primary system. Consequently,
orbits and the stability information derived in the simplified circular-restricted three-body
problem are not very true for small moon missions. In this paper, the J2 gravitational term of
the primary body (or the planet) and the zonal terms of the moon are considered in the orbit
design. Orbita stability and bounded quasi-periodic orbits and the stability are derived in the
J2-perturbed elliptic three-body problem, which can be easily shifted to the full-ephemeris

model without suffering much change.

ASTRO-2023-C004

(V7 7/ 7B&RFHEZRWIFTEED LPO AT D78 DHIEAIERET ]

[ Controller design using Lyapunov redesign for spacecraft flying in libration point orbits |
*EAE REGK - ), B KEEKX)
Abstract:
This paper deals with an orbit maintenance problem for spacecraft in the L2 libration point
orbits (LPO) in Cislunar space. The contribution of this paperis to derive a control law that
maintains a periodic orbit even in the presence of bounded unknown disturbances. Design
procedure of the proposed control law is divided into two steps. A nominal control law is
designed based on a linearized equation of motion in the circular restricted three-body
problem. Then, the nominal control law is augmented so that nonlinearities and
disturbances are compensated. The latter step is carried out with Lyapunov redesign. The
effectiveness of the proposed control law is evaluated through numerical simulations under

the disturbances caused by the gravitational effect of the Sun.

ASTRO-2023-C005

[ Gravity perturbations over low-thrust trajectories using equinoctial elements |
*Josué Cardoso dos Santos (ISAS/JAXA), Takuto Shimazaki (University of Tokyo),Yasuhiro
Kawakatsu (ISAS/JAXA)



Abstract:

This research presents investigations about gravitational effects over the trajectory of a
spacecraft under a low-thrust acceleration model using Fourier Series expansion. The
differential Gauss variational equations are adopted to describe the dynamics where the main
singularities are removed by the use of orbital variables known as equinoctial. Our focus
regarding the gravitational disturbances is related to the ongoing analysis of the effects due to
the Earth’'s flattening at the poles and the third-body perturbation due to the Moon. The
outcomes are important for the understanding and design of the dynamics adopted in projects
such as DESTINY+ mission, a JAXA initiative that will launch a spacecraftto escape the Earth
in a spiral trajectory, swing-by with the Moon and potentially have a flyby with two asteroids.

The current planned launch date is mid of 2024.
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ASTRO-2023-C006

[Finding EKRAN-2 debris using Random Forrest and K-Nearest Neighbors methods |
*Vu Hoang Long(#Lk - Br), BE 5BME, TEE #B (LX)
Abstract:
With more than 29000 space object in Earth orbit, the need for a method to adequately
detect and identify on-orbit objects is growing. This research introduces a novel Machine
Learning-based method to classify fragments from EKRAN-2, a Russian broadcasting
spacecraft exploded in 1978 due to dead batteries. Our study involves using four orbital
elements measured by observatories onthe ground: topocentric declination, right ascension,
and their rate of chances as features to identify the observed object. Random Forest, a
Supervised Learning algorithm based on Decision Tree, and K-Nearest Neighbors, an
algorithm based on class distribution, are used. Both methods have high performances on
testing data set with high precision and F1 scores. Our approach demonstrates an
application of Machine Learning in Space Debris Identification.

ASTRO-2023-C007
[HIEKGBETEICH T 2B N ABEOERNT — R AW AIEEHEEF EAOBE]
[ Construction of a method for estimating atmospheric density in very low Earth orbit
using positioning data obtained by nanosatellite |
*OEH BE GbX B, @i B bR, okH iEE (JAXA)
Abstract:



The atmospheric density in very low Earth orbit (VLEO) is a crucial factor for nano/small
satellite operations.The profile of the atmospheric density is ,however, not clear yet because
of the difficulty to obtain data in VLEO.In 2016—2017,The deployable nanosatellite EGG
mission was conducted and sparse positioning data was obtained

by the global positioning system (GPS).In order to utilize this data for atmospheric density
estimation, we constructed a methodology employing machine learning approach, and
estimated atmospheric density at altitudes around 200 km.

ASTRO-2023-C008

[DBEH A T DEZREAVW-BEMNELZS L /NEREENORIKHIE |

[ Simultaneous Estimation of Spacecraft Orbit-Attitude and Asteroid Gravity based on
Deployable Camera Images ]
* Z9H AR (NAO))
Abstract:
The Hayabusa? impact experiment at Ryugu demonstrated that a deployable cameraiis a
useful payload to conduct remote-sensing observation without jeopardizing spacecraft
safety, particularly for a small-body mission. However, scientific analyses of deployable
camera images require precise information on observation conditions, necessitating the
attitude and orbit estimation of the deployable camera itself. In addition, its orbital motion
could also provide insight into the weak gravity of a small body. For this reason, this paper
proposes an algorithm to simultaneously calibrate the obtained images, reconstruct the

attitude and orbital motion, and estimate the gravitational parameter.

ASTRO-2023-C009

[DMOODS, orbit determination software for asteroids and deep space probes |
* T RUAXA)
Abstract:

BEREY 7 b7 7 DMOODS o#EEXBN L. REE(ILLN S
2 Omotenashi, EQUULEUS %5)~>/)\ K& (Ryugu,2001CC21, Phaethon %5) D ¥ ERTE (Z(E
FAENn/flz&rd,
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ASTRO-2023-C010

[ Robust control strategy of periodic orbits via a hybrid multiple-shooting approach ]
* < J)LE =37 PhDstudent — (Sapienza/DIMA), Y7 77 L v > K O Researcher
— (Sapienza/DIMA)
Abstract:
This manuscript proposes a systematic approach for the design of a nominal robust
trajectory and an associated closed-loop control law, where quantitative information
concerning uncertainty on the systemdynamics are directly accounted for in the optimization
process. The proposed method is applied to perform orbital control of a NRHO. Recurring
corrective maneuvers are evaluated and imparted on the probe to keep the deviation from

the nominal trajectory within a prescribed limit.

ASTRO-2023-C011
[Near-Optimal Control IZED /oY —F — A )LIT & 5 A B E#:E OfIEIERE T
[ Performance Evaluation of Near-Optimal Control of Solar Sail on Lunar Orbit]
* g R (RIK)
Abstract:
Lunar orbits are useful for lunar surface observation and have been of particular interest
inspired by the Artemis program. However, because spacecraft are exposed to perturbation
due to the Earth gravity and the irregular gravity field of the moon, the eccentricity shifts as
time passes, and thus frequent orbit control is necessary to avoid collision with the moon.
In this presentation, we show how the near-optimal control of solar sails extend the orbit

lifetime without consuming propellant.

ASTRO-2023-C012
[ Orbital Mechanics near Close Planetary Moons |
[ Orbial Mechanics near Close Planetary Moons |
* Baresi Nicola(SSC), Dell'Elce Lamberto(Inria )
Abstract:
Upcoming missions towards remote planetary moons will fly in chaotic dynamic
environments that are significantly perturbed by the oblateness of the host planet. In this

presentation, we will be overviewing the equations of the Zonal Hill Problem that govern the



dynamic evolution of a satellite subject to the gravitational attraction of a moon and its
oblate host planet. Despite time-periodic effects, the system remains populated by families
of quasi-periodic trajectories that can be used as a baseline for the proximity operations of

future planetary moons explorers such as MMX.
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ASTRO-2023-C013

[ERE—LDOD o NLGIHE Y 7o a vl — K28y FT7ry Fa—4% 7
V77 0—7 DRI ]

[ Attitude control of Touch-and-Go Sampling Probe with gimballed solid rocket motors and
reaction wheel |
* )l RN, A FEEEX - k), A BEUAXA), KR FBZEEK - ), =8 BE,
2E HE—UAXA)
Abstract:
As a new sample return mission method, a system using Touch-and-Go sampling probes
has been proposed. By making the probe a simple system, we aim to install multiple probes
on the spacecraft and make sample-return safer. In this study, we attempt to control the
attitude of the probe by gimbal control of multiple solid rocket motors and reaction wheels.

We perform simulations and analyze spin stability and triaxial stability.

ASTRO-2023-C014

(S b hZEERLAZBIEICE T2 20U F2—T7H v FOZXRBHEESR

[ An experimental study on attitude control system with magnetorquer for 2U -size cubesat
on polar orbit]
*EEE AL W B A KEEESE - SRR, #E ko, i EAEESS)
Abstract:
In this report, an attitude control system for 2U cubesatas Innovative Project on polar orbit
is conducted. Then the attitude control system for the cubesat is adopted magnetorquer
system consisted of permanentmagnet and thin coil of square shape, the authors construct
an effective attitude control system for the 2U-size cubesat with consideration of feature of
the polar orbit. To confirm some effectiveness of the proposed attitude control system for

the cubesat on polar orbit, some experiments on the orbit and on ground are executed and



the obtained data are evaluated.

ASTRO-2023-C01b

[ERKRFEEDIEBENZBFIEHRDELE]

[ Implementation of non-autonomous attitude control system for the Kanazawa Univeristy
sattelite |
*EE —B (&X)
Abstract:
The Kanazawa University satellite is a b0 kg-class small satellite whose main purpose is to
detect sudden celestial bodies, and is under developmentwith the aim of launching it next
year. Due to the demands of astronomical missions and the demands of solar cell charging,
itis planned to be sun-oriented at all times. Attitude control plays an important role because
it is equipped with a solar cell paddle deployment mechanism. In this presentation, we will
explainthe implementation of the non-autonomous attitude control system of the Kanazawa
University satellite.

ASTRO-2023-C016

[SEENFRY v 4 0% AU HZ-GUNDAM BTE O S 28 B % D g Mm% e ElC
2L

[On Pointing Stability of HiZ-GUNDAM Satellite After Agile Attitude Maneuvers Under
Rate Bias Error of High-Precision Fiber Optic GyrosJ
* e Bk, Rk ESXU(NEC)
Abstract:
This papershows an approachto technicalissues of autonomous attitude maneuver of HiZ -
GUNDAM satellite. Forthe mid-term pointing stability requiredin every 120 s in the mission,
when using an attitude determination filter based on an extended Kalman filter using a star
tracker and rate gyros, the gyro bias estimation error on attitude drift is considered as a
major cause as well as the effect of micro-vibration disturbances. On the other hand, the
rate random walk of high-precision fiber optic gyrosis suppressed below the measurable
level, so it is difficult to perform numerical simulations using a conventional mathematical
gyro error model. Therefore, in this paper, we evaluate the feasibility of mid-term pointing
stability by attitude maneuver simulations using actual gyro measurement data. In addition,

by comparing the evaluation results based on the conventional method, we show the validity



of applying the conventional evaluation model to high-precision fiber optic gyros.

ASTRO-2023-C017

[BRICEDCAEHENY MLEBWT >V ILORIFFHTE ]

[ALGEBRAIC AND SIMULTANEOUS ESTIMATION OF ATTITUDEMOTION AND INERTIA
PROPERTIES]
* JIIE S=—BB(ANU), A FHEEK - br)
Abstract:
Despite for decades of the studies on the estimation method of the angular velocity vector
based on a series of images captured by the servicer space-craftto the target body. Recent
debris removal inevitably heavily relies on the motion estimation of the target debris, un-
cooperated body. Reliable and robust capturing in proximity operation is a key in debris
removal. This pa-per presents the method of direct estimation of both the dynamical attitude
motion and the inertia properties, excluding reliance on the a prioriinfor-mation. It is on the
bootstrap estimation process algebraically. The authors present and reveals the concrete
description of the method. It does not re-quest the satellites that may be removed on-orbit

to carry prescribed 3D tar-gets aboard.
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ASTRO-2023-C018

[HELIOS-R = v > a vICHBITRERN X T LA~ —H & AWK HEE

[ Estimation of Membrane Shape using Monocular Camera and Membrane Surface
Markers in HELIOS-R Mission
* IR o, A R KRB EE BN (WAt - T RTy o) 5R B (b
K)o, T R (KR, & A UAXA)
Abstract:
HELIOS-R is one of the demonstration themes planned to be installed on JAXA's RAISE-4
mission, aiming to demonstrate the on-orbit functionality of a lightweight and compact
membrane structure with power generation and antenna capabilities. In order to verify the
membrane structure and evaluate its deployment behavior, it is necessary to assess the
three-dimensional shape of the membrane. Therefore, in this mission, we developed a

method to estimate the three-dimensional shape of the membrane surface using a



monocular fisheye camera and retroreflective markers on the membrane surface. In this
presentation, we describe the algorithm for membrane shape estimation and the results of

ground testing.

ASTRO-2023-C019
[AIZHBEFTEROBEHBENETR/ I v VAREZMA L - ZBZC 52 552 |
[ Effect of Joints Structure of Transformable Spacecraft on Attitude Change Utilizing Non-

holonomic Constraint]|

*TA A k- B, IRE MK, AR fie (R)

Abstract:

Spacecraft with movable parts can change their attitude through transformation by utilizing

non-holonomic features for angular momentum conservation. Previous studies

predetermined the structure of the movable parts, and the discussion on the effect of the

structure of movable parts on attitude change has remained considerable. However, this

discussion may contribute to extending the mission continuity whentheir attitude controllers

are broken. We set an optimization problem on the structure of joints as an example of

movable parts. This study discusses the effects of joint structure on attitude change from

the optimization result.

ASTRO-2023-C020
[E— AV & LNA T B EEEFEHE O KEGEE T TOREMHE]
[ Attitude Control for Momentum-biased Transformable Spacecraft under Solar Radiation

Pressure |
* AR BEUAXA), B BARETIX)
Abstract:

Transformable spacecraft, whose structure can be adaptively reconfigured by multiple
actuatable joints, can perform simultaneous body reconfiguration and attitude reorientation
by taking advantage of its redundant degrees of freedom. Furthermore, by combining
structure and attitude control with solar radiation pressure (SRP), advanced solar sailing
can be performed where multiple constraints can be simultaneously satisfied. In this study,
we propose a structure and attitude control method for a biased-momentum transformable
spacecraft under SRP. The control method contributes to generate desired SRP thrust while

maintaining target attitude and body configuration.
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ASTRO-2023-C021
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[ Proximity Optical Navigation for Deep Space Rendezvous and Docking Using Multiple
Artifitial Markers |
* PN o, KA ERE KB, B KA, EE - (JAXA)
Abstract:
In recent years, Deep Space Rendezvous and Docking (DS-RVD) has garnered significant
attention in the realm of deep space exploration. DS-RVD enables expanded exploration
capabilities and low-risk space missions, thereby contributing to the advancement of deep
space exploration. Navigational functionality plays a crucial role in realizing DS-RVD;
however, existing techniques employing LIDAR or deep learning are ill-suited for the
resource-constrained and autonomous nature of deep space environments. Therefore, this
paper proposes a low-resource navigation system and algorithm utilizing multiple optical
navigation markers and a monocular camera. The practicality of the proposed system is

assessed in terms of computational cost, accuracy, and anomaly detection capabilities.

ASTRO-2023-C022
[(RFEEREEO/-HOBEFEVAZ T R v F > JHE OKRET ]
[ A Study of a automatic enclosing claw-type docking mechanism for deep space
spacecrafts
* R A B k& EIK-R) Pl FE (RIX)
Abstract:
Deep-space exploration technology is increasingly advanced nowadays. Rendezvous
docking in deep space is expected to be one of the next-generation key technologies. To
achieve these missions, a low-resource docking system that can be installed on a deep-
space spacecraft is required. In addition, more autonomous docking is required because
such docking has so far been performed only in the vicinity of the Earth, where remote
control and monitoring from the ground are easy. In this presentation, the authors propose
a novel claw-type docking mechanism that mechanically encloses the docking target

immediately after initial contact to ensure secure docking.



ASTRO-2023-C023
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[A Study on Free Space Object Transfer Dynamics Using Horn Structure in Zero-Gravity
Environment)
)l e (K- B, & oA, AR ZFm, EE HE— (JAXA)
Abstract:
In this research, a study is conducted to design horns for free space object transfer in a
zero-gravity environment. Utilizing horns for object transfer has the potential to enable the
capture and transfer of objects even with low precision compared to conventional methods.
However,the capture with hornsis influenced by parameters such as object entry conditions
and angular velocity, making it crucial to understand the impact of these parameters. The
insights gained from this study can be applied, for example, to sample transfer between
mother and daughter spacecraft in deep sample return missions.



