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Attitude Determination of Geosynchronous Satellites with Sun and Earth Sensors
Using Artificial Intelligence Algorithms
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Abstract:

In attitude determination system (ADS) of a satellite, using artificial intelligence methods for estimating
rotation quaternions based on sensor outputs, reduces computational costs while increasing the speed and
accuracy. Additionally, it maintains its efficiency at sensor singularity points and, unlike traditional
algebraic methods, enable attitude determination across the entire probable space of satellite positioning.
hence, Attitude determination is a critical component in the design and operation of space systems. This
study presents a novel framework for estimating the attitude of a geosynchronous satellite by combining
Sun and Earth sensors with artificial intelligence algorithm. Using raw data led to inappropriate results in a
way that in the best prediction, error of estimating rotation quaternion vector was more than 10 degrees, so
to enhance the quality of the learning process, the raw data were augmented as a preprocessing step utilizing
the TRIAD algebraic method. Several machine learning and deep learning algorithms, including XGBoost,
CatBoost, and multilayer perceptron (MLP) networks, were then employed to estimate the satellite's rotation
quaternions. The findings of this research demonstrated that the simultaneous and parallel use of four
identical two-layer MLP models, each dedicated to predicting a single component of the quaternions from
the preprocessed data, coupled with the normalization of the output quaternions from the neural networks,
yields a mean absolute error of 0.°V degrees. This approach achieved approximately 10% performance
superiority compared to the best.method among those evaluated, namely the TRIAD algorithm, which
makes it suitable for practical, real-time applications. This hybrid approach offers a cost-effective and
reliable solution for implementing attitude determination systems in satellites.

Keywords: Attitude Determination, Satellite, Artificial Intelligence, Sun Sensor, Earth Sensor.
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Table 1. Results of estimating quaternions using different artificial intelligence model

Preprocess . Mean Prediction Time
Method Model Model Properties Absolute Error Per Sample
. Lr=0.03, n-es=10000
’ ° 2.243
TRIAD LightGBM Max.depth=3 2.56 ms
Lr=0.01, n-es=10000
’ ° 0.054
TRIAD XGBoost Max-depth=5 2.94 ms
TRIAD Hist Gradient Lr=0.08, Max-depth=10 3340 0.004 ms
Boost
Lr=0.001, n-es=10000
’ ° 0.004
TRIAD CatBoost Max-depth=10 1.484 ms
TRIAD Random Forest Max-depth=17 3.18° 0.013ms
TRIAD Decision Tree - 6.62° 0.001ms
TRIAD AdaBoost Lr=0.03, n-es=1000 15.48° 0.153ms
- TRIAD Algebraic Method 0.622° 0.12ms
Mﬁ’oaesll(‘fle n-l=2, w-l = 164, 64
TRIAD ) b-s =256, epochs = 250 0.622° 0.157ms
Quaternion _ _
Outputs) act_func = relu, opt = adam
MLP -4
Identical Single- n-1=2, w-1=164, 64
- Output Models b-s =256, epochs = 250 0.656° 0.090ms
(Parallel act_func = relu, opt = adam
Structure)
MLP -4
Identical Single- n-1=2, w-1=164, 64
TRIAD Output Models b-s = 256, epochs = 250 0.57° 0.21ms
(Parallel act_func = relu, opt = adam

Structure)
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Table 2. Equivalent of the abbreviated expressions used in the quaternion estimation results table

Jo5 o le Golas! cadle
Learning rate Lr
n-estimator n-es
Number of layers n-1
Width of layers w-1
Batch-size b-s

Activation function act func

optimizer Opt

Accuracy—Efficiency Trade-off of Different Estimation Models

!

XGBoost Hist Gradient CatBoost Random Forest
Boost

Decision Tree

Models

W Mean Absolute Error (Degree)

AdaBoost Triad

m Prediction Time Per Sample (ms)

MLP (without
preprocess)
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Figure 3. Results of estimating quaternions using different artificial intelligence model
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