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Kyushu University aims to establish a state estimation technique, called light curve inversion, which extracts
dynamic states such as attitude motion and configuration from light curves. Light curves are brightness of space
objects as a function of time and are obtained by ground-based observations. In order to demonstrate this
technique, “Q-Li” the 3U Cubesat for Light Curve Inversion is being developed in Kyushu University.

The primary mission of Q-Li is the on-orbit verification of the light curve inversion by comparing actual state and
estimated one by light curve measurements. To this end, Q-Li deploys a membrane to reflect sunlight so that one
can be observed from the ground. Q-Li measures her own attitude angles and angular rates in orbit and transmits
them to the ground. As the secondary mission, Q-Li detects tiny debris collisions with the membrane by sensors
located on its surface. In this workshop, not only the whole systems of Q-Li but also the deployment mechanism
of the membrane and light curve inversion technique are presented.
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Background of Q-Li

ADR (Active Debris Removal)
- Reasonable way to remove massive debris
- A debris removal satellite approaches
and puts device on a target
- Attitude motion and shape of a target
are required in advance

Light Curve orsa
- Brightness of space objects as a function of time

- Obtained by ground-based observations

- Includes information about attitude motion and shape

Light Curve Inversion
- A state estimation technique to extract dynamic states
from light curves

- Used in the field of astronomy Attitude Angle [deg]

Light Curve
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Dynamic States
- Attitude Motion

- Shape

- Surface Properties

Light Curve Inversion

The Primary Mission

The on-orbit verification of the light curve inversion by
comparing actual state and estimated one by light curve
measurements

Attitude Data
Transmission

Observer Ground Station
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Comparison

Estimated State

by Light Curve Measurements ActualSiate

The Primary Mission of Q-Li
Required Function
1. Q-Li deploys a membrane to reflect sunlight so that one can be observed
from the ground
2. Q-Li measures its own attitude angles and angular rates in orbit
and transmits them to the ground

The Secondary Mission

1. Detection of sub-millimeter-size debris impacts with the
membrane by sensors and measurement of the time

2. Investigation of the relationship between attitude of a high
area mass ratio object and aerodynamic torque
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Q-Li the 3U Cubesat for Light Curve Inversion

About Q-Li

Orbit chronous Orbit (SSO)

The Primary Mission

Bus

- Measure attitude angles and
angular rates in orbit

- Transmit attitude data

Membrane

- Reflect sunlight

- Detect sub-millimeter-size debris
- High area mass ratio

The Secondary Mission

Attitude Determination and Control

- Orbit determination using optical observation and Doppler shift
- Gyro, magnetic sensor and sun sensor on board
Only one axis controlled with magnetic torquer

The Deployment Mechanism of the Membrane

Pantograph Mechanism
- High expansion rate
- Expanded in orbit

Membrane
1650 mm in length, 289 mm in width,
70 micro meter in thickness
Gold deposited on polyimide film
High specular reflectance
Very low reaction rate to atomic oxygen

Pantograph Mechanism

Gold 1 10pum
Polyimide Film 50um

Gold ! 10pm
The deployment Mechanism of the Membrane

Structure of Membrane
Sub-millimeter-size Debris Sensor

Piezo-electronic Device
- Asensor to detect stress wave in a material generated
when sub-millimeter-size debris impact with the membrane

Satellite Body

Piezo-electronic Device

Impact of sub-millimeter-size debris
- The number of debris expected to impact
on the membrane surface a year is 56.0

- The probability that debris larger than 1 mm impact on the arm of the
deployment mechanism a year is 9.55 x 10~°

- The probability that the arm is destroyed by the impact of sub-millimeter-
size debris is small enough
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