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Light Curve Observation and Reproduction Experiment Using Model of H-2A R/B
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Active debris removal (ADR) is one of the most promising methods for ensuring safe space activities, free from
the danger of debris. In order to carry out an ADR mission, the attitude and motion of the target must be
determined precisely in advance. Developing methodology to extract these values using only the target's light
curve would be a great step forward. We started the light curve observations of the ADR candidates, 2nd stages
of Japanese H-2A rockets using the 60cm telescope and the CMOS sensor. In addition, we developed an optical
simulator in the laboratory to mimic observed light curves. The simulator can reproduce the exact light curve
that considers the attitude, movement, and lighting conditions using a scale model of the H-2A R/B. We also
developed a light curve simulation tool using CGs that can estimate the overall tendency of the light curve, which
will dramatically reduce experimental times for simulating light curve using the optical simulator.
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light curve simulation tool using CGs that can estimate the overall,
tendency of the light curve, which will dramatically reduce experlmental
times for simulating light curve using the optical simulator.
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+ Light curve observation iS"easyse effective as compared with
the direct imaging with the adaptive optlcs
+ Technologies to estimate motionsTand attitudes of targets must be -,

developed. \—)
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The optical simulator for simulating Iightocufljs was developed.
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3-DoF linear stage
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The optical simulator consists of a 3-DoF (degree of freedom) linear stage, a 3-DoFJ
rotation stage, a light stage, a scale model of the target, and CCD cameras. ‘
The optical simulator can simulate the orbital enyironment including lighting

e » p @
condition, attitude and motion of the target. Q) \;? \ ~
Simulated light curve is created analyzing images takén by the&/éD camerg‘)

CCD images of the
scale model of H2A &
R/B

O

The simulated light curve. The scale@del is rotating at 3 deg/s

about the minor axis. O
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Light curve observations of 4 H-2A R/Bs The light curve of 39771 observed on Margh
are being carried out using 60cm 19, 2019. Two strong peaks are observable
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Red: Observed light curve

Green: Simulated one. Gravity
gradient stabilization. PAF faces the

earth.
Blue: Simulated one. Gravity

gradient stabilization. Nozzle faces
the earth.
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Red: Gravity gradient stabilization

Green: Tilted +5 deg from the line of
gravity gradient stabilization

Blue: Tilted -5 deg from the line of
gravity gradient stabilization
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Red: Gravity gradient stabilization

Green: Tilted +5 deg from the line of
gravity gradient stabilization

Blue: Tilted -5 deg from the line of
gravity gradient stabilization

analog-to-digital unit

a 1 . M. L . . L L
71788 71758 718088 71850 71988 71958 72088 72050 72108 72158 72200
observation tine{UT}

dlained by

Peak timi the target
changes.

Peak timing
the targets.

The result explained one example.

A lot of observation and simulation are needed for
total understanding.
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A light curve simulation too

being developed to reduce
experimental time for simulations.

The tool creates light curves of each
component considering its reflective
properties, attitude, and lighting condition.

Simulated light curve of PSS

O

Y The experim hat the light
curve of the 19, 2019 is
explained by ization where

Jto the earth. It

neans TS Etare ay be determined
using the times of though this is one
case out of countless grexactly the same light
curve is the one step toward™ the albunderstanding of the ADR
targets from light curves. Many more light curve observations and
the simulations under the various conditions are needed to extract -,
additional information on the H2A R/B for actual ADR.
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