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Ground calibration impact experiments on arrayed large-area dust detector for interplar

etary space onboard IKAROS
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Geological features and surface processes on saturnian small satellites
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Analysis of The Asteroid Itokawa Surface Spectra Using Principal Component Analysis
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Scientific observation plan for Hayabuasa-2 visible muti-band cameras
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Dynamical simulation of microgravity rovers
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We developed a dynamics simulator of microgravity rover for small body exploration. Surface exploration using rovers are
expected to return scientific discoveries yet to be made, and for them the global and long-term operations and tactical planning a
needed. However, gravity fields of small bodies are not uniform due to their irregular shapes so that it is difficult to analytically
predict the rover’s motion. Thus, physical-based simulation for microgravity rovers is required.

We designed the simulator to have functions to estimate the rover trajectory based on rigid-body dynamics and to visualize th
trajectory data on the shape model of small body. The graphical interface has been built in to support the usability. In addition
we performed a comparative experiment in laboratory to verify the simulation of rigid-body’s rebound motion.

Finally we examined characteristics of rover motion using ltokawa’s shape model. As a result, we found that the rover’s motion

would converge for shape models of less than approximately 5-m resolution.
Keywords: simulation, dynamics, rover, Hayabusa-2
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Asteroid Shape Reconstruction using Structure from Motion
Asteroid Shape Reconstruction using Structure from Motion

Yohei Mori**, Naru Hirata, Hirohide Demura
Yohei Mori**, Naru Hirata, Hirohide Demura

1The University of Aizu
1The University of Aizu

A shape model of an asteroid is important for science analysis on exploring missions. In the Hayabusa mission, three mode
of asteroid Itokawa were reconstructed by different methods [M. Maruya, 2006], [H. Demura, 2006], [R. Gaskell, 2006]. A more
precise model was reconstructed that have 3 millions or more polygons used multi-image photoclinometry after the mission [M
Maruya, 2006]. For the Hayabusa 2 project, a shape model of an asteroid 1999JU3 is also required. It must be investigate
what reconstruction method is good. We focus on a method called Structure from motion (SfM) to achieve it. An open-source
software Bundler [N. Snavely, 2006] implements SfM and Bundle adjustment [B. Triggs, 1999]. SfM is a method which uses
multiple images to estimate real space coordinates of features in images and camera positions. Bundle adjustment is a ki
of optimization method for non-linear model to estimate parameters on a geometric model precisely. A more precise resul
and less manual works are expected compared with ones in the Hayabusa mission by using and customizing the software. \
reconstructed a shape model of Itokawa from 169 AMICA Images using this software. As a result, a sparse shape model i
reconstructed successfully around equatorial region. However the number of points of polar regions are quite less than one
of equatorial region. This is caused by an insufficiency of images captured around a pole. We experimented this polar are
observations using a shape model presented by [R. Gaskell, 2006]. In this experiment, we rendered the model and take imag
around of it with some longitude variations. One of the dataset is consists of images view from 30 degree longitude. The polal
region is reconstructed successfully by inputting the dataset. And we also experimented with 70 degree and 80 degree longitu
datasets for confirming the availability of Structure from Motion in the case of the rotation axis of 1999JU3 is parallel to the
plane of revolution. The result was also good. Structure from Motion is useful for reconstructing asteroid shape model from
multiple images. We are examining a method for quantitative evaluation of these results.

0 0 000 : Hayabusa, Hayabusa 2, 3D Shape Reconstruction
Keywords: Hayabusa, Hayabusa 2, 3D Shape Reconstruction
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Gravity Estimation in Hayabusa2 Mission

000 ",000003200000LDAROOOOOODDO 300000 0000000000000 ¢
Hitoshi Ikedd*, Koji MATSUMOTO?, Hayabusa2 LIDAR Science TednHayabusa2 Astrodynamics Team

l0o0oo0oo0o0oo0O0O0o0,?00000,300000 LIDAROOOODOOOO,*00000 000000000000

a
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The Japanese asteroid explorer Hayabusa?2 will be launched in the mid-2010s to return samples from C-type near earth ast
oid 1999JU3. During the rendezvous phase (i.e., proximity operation phase), we will make scientific observations to estimate
physical parameters (e.qg., gravity field, shape, pole direction, spin-rate, ephemeris) of the target body, which are very importar
not only for its scientific investigation but also for the spacecraft navigation. In particular, the mass is essential to perform a
stable touch down sequence to collect samples from the asteroid’s surface. We will attempt to estimate the gravity field of the
target body using earth-based radiometric tracking measurements (2way Doppler and range) and spacecraft-based measurem
(information from optical navigation camera and laser altimetry) with global parameter estimation technique. As the first step for
the gravity field estimation, we performed a simulation study about mass estimation under simple configuration and evaluate
the relation between the quality and quantity of measurements and the accuracies of estimation results. The detectability of tt
low degree and order gravity field coefficients is also investigated.

gogooobo:boob,00,b0d
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