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Abstract:

This paper presents a method for determining the attitude (Euler angles) of a moving object. One of the main challenges
in attitude determination is the presence of inherent errors in inertial sensors and motion disturbances, including
accelerations acting on the object during its movement, which lead to reduced accuracy in estimating Euler angles. In
this paper, using an adaptive cascading fusion structure where estimation filters are used sequentially, information from
various sensors including gyroscopes, accelerometers, and data received from Global Navigation Satellite System
(GNSS receiver) are combined. This approach allows for accurate attitude determination and sensor bias estimation.
Since solving the challenges of attitude determination (sensor biases and compensation for object motion disturbances)
requires precise tuning of filter parameters, the use of adaptive filters in this structure leads to easier optimization of
each filter's performance and error reduction. The evaluation of the proposed structure is carried out using two methods:
utilizing synthetic data generated in a simulation scenario and also with real data collected in an experimental test. The
results show that the proposed structure significantly reduces the error in estimation of angles and gyroscope biases
compared to other approaches.
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1. Motivation of the work

The motivation behind this research stems from the
critical need for accurate attitude determination in
dynamic environments, such as autonomous vehicles and
aerial drones, where precise navigation is paramount.
This research is important because improving the
reliability and accuracy of attitude estimation can
enhance the performance of navigation systems,
ultimately contributing to safer and more efficient
autonomous operations.

The main impact of this research lies in its innovative use
of an adaptive cascading fusion structure employing three
Kalman filters, which adeptly integrates data from
multiple sensors. The authors chose this model due to its
flexibility and adaptability in handling varying motion
scenarios, ensuring that the algorithm can provide robust
performance under changing conditions.

2. Contributions

This paper contributes significantly to the field of attitude
determination by introducing a robust structure based on
three Kalman filters that effectively estimates gyroscope
biases and Euler angles using a combination of
gyroscope, accelerometer, and GNSS data. One of the
primary advantages of this approach is its ability to
manage the influence of motion disturbances on sensor
data, particularly during periods of rapid maneuvering.
Unlike existing methods that often struggle with sensor
bias and motion compensation, our adaptive cascading
fusion structure allows for dynamic weighting of sensor
inputs. This ensures that during critical maneuvers, such
as sharp turns or sudden accelerations, the algorithm
prioritizes the most reliable data sources, thereby
enhancing accuracy and stability in angle estimation.

3. Procedures

This study involved rigorous testing for both simulated
and experimental data to evaluate the proposed method
for estimating gyroscope biases and Euler angles. The
subjects of the study were vehicles equipped with various
inertial sensors—specifically, gyroscopes and
accelerometers—along with a Global Navigation Satellite
System (GNSS) receiver. The vehicles were operated in a
controlled environment, where they underwent a series of
maneuvers designed to simulate realistic conditions,
including turns, accelerations, and decelerations. This
experimental phase lasted several minutes to ensure a
diverse set of motion scenarios was captured. During this
time, the system continuously collected data from the
inertial sensors and GNSS. The measured outputs
included the estimated Euler angles (roll, pitch, and yaw)
and gyroscope biases. Additionally, the study evaluated
the performance of the proposed adaptive filtering
method against traditional attitude determination
approaches, focusing on reductions in estimation errors
and improvements in bias correction. The comparisons
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aimed to highlight the advantages of the new
methodology in achieving superior accuracy and
reliability, particularly during periods of rapid motion
and abrupt changes in trajectory.

4. Findings

The major findings of this study indicate that the
proposed adaptive cascading fusion structure, leveraging
three Kalman filters, significantly enhances the accuracy
of attitude determination in dynamic conditions. Key
results demonstrated that the algorithm effectively
reduced errors in estimating Euler angles and sensor
biases compared to traditional methods. Specifically, the
research showed a marked improvement in estimation
stability—angles remained consistent, and the system
was capable of correcting biases in gyroscope data in real
time, particularly during rapid maneuvers. Moreover, the
study's results underline the importance of data fusion
from multiple sensors in achieving robust performance.
The integration of adaptive weights based on
environmental conditions allows for improved decision-
making in real-time, which is invaluable in scenarios
where autonomous systems must react swiftly to
changing circumstances.

5. Conclusion

This article presents a structure based on three Kalman
filters that estimates gyroscope biases and Euler angles
using gyroscope, accelerometer, and GNSS data. In the
presented structure, over two stages, attitude angles
including roll and pitch angles (first adaptive filter) and
then three-axis gyroscope bias (second filter) were
estimated, and cyclically, the output of each section was
used in the next filter. In this process, by examining the
body's motion acceleration, during periods of
maneuvering, the weight of accelerometer information is
managed to prevent unwanted effects of motion
acceleration in the estimation. In addition to the
estimated biases in the second filter being used in the
next step in the first filter, this estimation is also used in
correcting gyroscope data for calculating the heading
angle. In the proposed algorithm for the heading angle,
the weighting of information was done in such a way that
during short time intervals with severe rotation around
the z-axis, more weight is assigned to the gyroscope data.
Simulation results and implementation, including vehicle
testing, show good performance of the algorithm and
non-divergence of angles along the navigation path.
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! Inertial Measurement Unit (IMU)

2 Micro Electro Mechanical Systems (MEMS)
% Global Navigation Satellite System (GNSS)
* Root Mean Square

® Root Mean Square Error

® Direct Memory Access
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