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‘Small satelllte missions with higher complexmes tend to demand
more sophisticated requirements, which push the I|m|ts of
classical attitude estimation methods. -
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The orientation of a satellite With respect to a reference frame.







Attitude Estimation Algorithms

TRIAD, Q-Method, Least Squares

Kalman Filter — Extended Kalman Filter (EKF)
Particle Filter

H-Infinity Filter

The Particle Filter has been proposed for satellite attitude
estimation and has shown improved performance
compared with traditional approaches.
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ya/tellite Jynamic & Kinematic Equations

CubeSat Type 3U
Mass 3.5 kg
Dimensions 0.34m x 0.10m x 0.10m

0.0058 0 0

Inertia matrix 0 0.0366 0 |kgm?
0 0 0.0366
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oensors — Mathematical Models

Vagnetometer  Bmeas = A(@)Bgcr + Vinag

Sun Sensor Smeas = A(Q)SEct + Vsun

A(q) = (qi — qr{3Q13)I3><3 — 2q4[q13 X] + 2913913
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Particle Filtering

., The PF is a nonlinear estimation algorithm that
_ approximates nonlinear functions using a set
of random particles.




Models in PF Attituce Estimation

T WA, 3
1O

Attituce Dynamics Model olmulated Sensors

System Model Measurement Model
Xk+1 = k(Ko W) © P(Xk+1lXKk) Yk = Xk, Vi) © P(Vk[Xk+1)




Models in PF Attituce Estimation

x=[q w]T=[d1 92 qd3 (s Wx Wy wz]T

. _ 1 _
X = ’q] — Eﬂ(q) X
® I''(t— o X o)




Particle Filter — Schematic

i=1,..,N

k = O|pitialization k—>k+1 _
Prediction/ Importance Sampling

Sample &} ~q(xi/x}_y)

Sample xy~p(xo),
set W)= 1/N

Measurement yj _)“'

Update

Calculate the importance

weights of particles )
T oA 602 Resampling

G 1% 1, vk) ‘l’

Normalize the weights w? = ii N . . A
B P(Xkly1:x) = Z 1Wﬁ Xk k-1 Estimation Xk
=

w =
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k = O|pitialization k—>k+1 _
Prediction/ Importance Sampling

Sample x),~p(xo),
set W)= 1/N
Measurement yj —)*

Sample &j~q(xy|xXk_1)

Update
Calculate the importance Resampling

weights of particles Wy,

v

Normalize the weights




Kalman Gain

K = P, H (H P H; + R;)1

A Fxtended Kalman Wr (EKF)
X0, Po
J FKF
Prediction Update
Rp = fi—1(Ri—q) + My R = Ry + K(z, — HgRy)

Py = Fi 1Py 1Fx_1 + Qi1 P, = (I1- KHy) Py




. ] Simulation Results
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Error Analysis
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Root Mean Square Error

Attitude RMSE
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- High accuracy attitude estimation achieved with PF (£0.01°),
compared to EKF (£1°)
e |mprovements in PF estimation with 2 sensors




Gomputation Burden
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Root Mean Square Error (RMSE)
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Conclusions l -'

« High accuracy attitude estimation achieved
N\ - With PF (£0.01°), compared to EKF (+1°).
X'+ Two different attitude sensor configurations for
N | PF were simulated.

~+- Theinclusion of a sun sensor improved the PF
7 attitude estimation, but the computational
" burden was higher.
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