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Observed light curve and its shape model of the decommissioned satellite ETS-8
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Inactive artificial objects, such as old satellites, spent rocket bodies, and fragments from disintegration, are often
rotating and tumbling. Light curves derived from photometric observations are one of the most effective
techniques for examining the physical characteristics of such space objects. Light curve observations were done
for the Engineering Test Satellite, ETS-8, decommissioned in January 2017. It exhibits time variation in its
brightness after the decommission. Observations of ETS-8 were done using the CCD device with TDI method, of
which an exposure is made by shifting electrical charge while a mechanical shutter is open. Light curve data was
extracted from the profile of the trailed image caused by parallel charge transfer. We tried to reproduce the
observed light curve using a simple shape model. In the model, the satellite was divided into three parts (main
body, solar cell paddle, and large antenna).

The characteristic of each surface was assumed to be diffuse reflection and/or specular reflection, then the
brightness variation in each surface was calculated when rotating. The brightness of each part was added together
after multiplied by each appropriate reflectance and surface area, then the observed light curve was reproduced.
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. Light curve of a space object
» TDI, a method to obtain a short-period light curve

. Light curve of the ETS-8

. Analysis result of the light curve and
comparison with its shape model
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Introduction

Introduction

. Light curve (brightness variation)
— effective techniques for examining the physical
characteristics of space objects

. Images by CCD sensors
— can not measure shorter period variation than
the readout time

- Methods for examining shorter period variation

- videocamera, high-speed CCD, or CMOS

- streak detection by sidereal tracking w/ CCD

- streak detection by target tracking & TDI method
w/ CCD

This document is provided by JAXA.
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TDI technique

. TDI: Time Delay Integration

exposure made by shifting electrical charge
while a mechanical shutter is open.
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Originally, a techniqgue which captures the image of

a moving object across the field of view,

by adjusting the CCD angle and charge transfer timing.
REISCCODAEEBREED YA IV T %%
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“normal” astronomical observation with TDI

(telescope tracking is turned off)

field of view

CCD

» charge transfer direction

This document is provided by JAXA.
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TDIDZ A cH—TERANDILA
Application of TDI to light curve observation

. light curves can be extracted from the streak
(trailed) image obtained by the TDI method.
TDIZFRBLY vy Y —ZRAT X TERZHRHALET
Flck D, BUOBEZEELU I KROCCDEERN S KHEIE
HeFd

Application of TDI to light curve observation
(telescope is tracking a target object)

field of view

CCD

< charge transfer direction

This document is provided by JAXA.
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Light curve observations with TDI

30sec exposure with TDI while target tracking

Light curve observations with TDI
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Light curve of ETS-8 (KIKU No.8)

. ETS-8 satellite

Engineering Test Satellite launched in 2006

One of the largest geostationary satellites

Equipped with two Large Deployable Antenna
Reflectors (as large as a tennis court)

Completion of
operation on Jan. 2017 §

cJAXA

This document is provided by JAXA.
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Light curve observations of ETS-8
with TDI

- Im telescope+ CCD, at the Bisei SpaceGuard Center

- Observed on May 28, 2017,
14:30(UTC)(23:30(JST))- about 30 minutes,
60sec exposurex24 w/TDI

Brightness
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Figure 6. Light curve of ETS-8 measured by EOS Mount
Stromlo station on March 8, 2017.

from “SPIN-UP OF SPACE DEBRIS CAUSED BY SOLAR RADIATION PRESSURE,”
Proc. 7th European Conference on Space Debris., 2017.

This document is provided by JAXA.
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Light curve of ETS-8
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Modelling

This document is provided by JAXA.
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Model
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Summary

. Short-period light curve of space objects,
obtained with TDI

. Light curve of ETS-8 and its shape model

Light curve was roughly reproduced with a simple
model, consist of the main body, large antenna and
solar cell paddle
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