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‘ 1. Introduction I

Recently, nanosatellites have gained great attention as an alter-
native solution to space exploration. Although, this new approach
can provide a reduced cost and a short development time, the size
and mass constraints of nanosatellites create several difficulties
that should be evaluated.

Hence, the main purpose of this poster is to present the results
achieved in the Masters dissertation, which the objective was to
develop a simulator that supports the implementation of an atti-
tude control in future nanosatellites in INPE.

‘ 2. Methodology |

A navigation system was implemented to estimate the attitude and
the angular velocity of a nanosatellite, which possesses only two
sensors, a magnetometer to measure the direction of the Earth’s
magnetic field and a solar sensor to measure the direction of the
Sun. Hence, the following steps were developed to obtain the nav-
igation system :

e Implement the equations that inform the apparent movement of
the Sun around the Earth [1].

e Study the IGRF (International Geomagnetic Reference Field)
version 12, capable of providing the direction of the Earth’s
magnetic field [3].

e Study the SGP4 (Simplified General Perturbations) to propa-
gate the orbit of the nanosatellite [5].

e Estimate the attitude and angular velocity of the nanosatellite
through the norm-constraint extended Kalman Filter.

‘ 3. References Frames |

To represent the Earth frame, this work chosen the Earth-Centred
Inertial, which is fixed at the Earth center and do not rotate.
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Figure 1: Fixed frame on the nanosatellite body ffs related to the
Earth-Centred Inertial frame ‘F;. Source: Adapted from [4]

4. Nanosatellite Model I

As present by [2], the kinematics using quaternion and the dynam-
Ics equations of a nanosatellite can be described by:
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5. Sensor Emulation I

To emulate the sensor measurement, the solar and magnetome-
ter was calculated within the frame ¥ and then was rotated to the
frame f; and a noise Yy was applied, given by:

Vg = KS(—GVG + Y (2)
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‘ 6. Navigation System |

The purpose is to estimate the nanosatellite attitude and angular
velocity using only a magnetometer and a solar sensor. To esti-
mate the spacecraft angular velocity and the quaternion attitude,
a norm-constrained Extended Kalman Filter was used.
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Figure 2: Navigation System (Attitude Estimation) for a nanosatel-
lite equiped with magnetometer and solar sensor to estimate its
attitude and angular velocity

By using these information, the Kalman Filter should estimate the
quaternion attitude § = [¢ 7{]T and keep its unit length

Te+f2 =1 (3)
‘ 7. Closed loop structure |
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Figure 3: Closed loop structure for a nanosatellite to correct its
attitude and angular velocity

Thus, by using the vector quaternion component and the angular
velocity estimate by the Kalman Filter, the control law adopted is
given by the following expression [2]:

Ts,c = _er — Kd(DsG (4)

‘ 8. Simulations I

The purpose of this simulation is to evaluate the behavior of the
nanosatellite in the presence of disturbances and noise, when the
initial attitude has a large angle deviation and the initial angular
velocity is high.
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Figure 4: Quaternion vector component ¢ = e ¢, €3|7. A large
maneuver correction was carried through, which leads in this situ-
ation the values of e toward zero
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Figure 5: Angular velocity o, = |®; ®, s|T. The initial values
was chosen to emulate the a initial condition where the nanosatel-
lite has been launched with a angular velocity
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Figure 6: Torque applied by the controller to keep the desired at-
titude and angular velocity

‘ 9. Conclusion I

The navigation system was tested in a closed loop, where simu-
lations were performed with different initial conditions of operation
and disturbances. It is possible to observe that the set of algo-
rithms used to simulate, to estimate and to control the attitude of
the nanosatellite presented a stable answer.

In all tests, the controller has presented a convergent behavior,
respecting the desired performance requirements, in which the
attitude and angular velocity were estimated and corrected as ex-
pected.

Finally, one of the objectives of this poster is to present the results
achieved in the master dissertation, which contributes to the tech-
nological advance of Brazil, by providing a basis for simulations of
control strategies in nanosatellites.
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