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Abstract: Micro-Electro-Mechanical System (MEMS) inertial devices are widely used in agricultural
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machinery navigation and implement operation control. To suppress the interference caused by continuous
vibrations of operating machinery on measurement of implement attitude, this study proposes a motion-
constrained assisted Cascaded Kalman Filter (CaKF) to compensate for external acceleration variations in
agricultural implement attitude estimation. Firstly, an attitude estimation filtering model for Inertial
Measurement Unit (IMU) was established, and a motion-constrained measurement model was derived for
agricultural implement attitude. Secondly, the filter innovation was employed to dynamically update meas-
urement noise variance, enabling the construction of a cascaded filtering framework. This achieves decou-
pling of external acceleration interference from triaxial accelerometers and suppression of estimation
errors. The proposed CaKF was validated through triaxial turntable and tractor ploughing field experi-
ments. Turntable experiments demonstrated a Root Mean Square Error (RMSE) improvements of 20. 8%
for roll angle, compared to the state-of-the-art Robust KF (RKF). Field experiments demonstrated that
the RMSE for pitch angle error decreased from 0.59° (KF) to 0.40° when using CaKF, confirming its
improved ability to suppress external acceleration interference over extended durations during attitude esti-
mation for agricultural implements.

Key words: plough attitude estimation; Kalman filter; external acceleration compensation; inertial meas-

urement unit
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