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ABSTRACT

ABSTRACT

Robots are now widely used in biomedicine, space exploration, warehousing and logistics,
and other fields. Among them, motion trajectory generation, as a fundamental key issue in
the field of robotics, is a technical prerequisite for robots to realize movement and operation.
However, the traditional motion trajectory generation methods based on manual
programming, teleoperation or drag-and-drop demonstration have outstanding problems
such as weak trajectory generalization performance and poor environment adaptation ability,
which are unable to cope with unstructured environments or multi-tasking work scenarios.
Therefore, this paper systematically researches the manipulator motion trajectory imitation
learning method from the aspects of trajectory sample processing, motion trajectory

characterization and learning as follows.

(1) Aiming at the weak trajectory generalisation performance of existing motion trajectory
imitation learning methods, a framework with the ability to characterise and learn motion
trajectories is developed by integrating data processing techniques such as dynamic time
regularisation, Gaussian Mixture Model (GMM) and Gaussian Mixture Regression (GMR)
with an advanced motion trajectory imitation learning algorithm, Dynamic Movement
Primitives (DMP), to improve the generalisation of motion trajectories. Primitives (DMP),
an imitation learning framework with the ability to characterise and learn motion trajectories
is developed, which improves the generalisation of the motion trajectory imitation learning
method. Aiming at the problem of low degree of autonomy when the DMP algorithm is
applied to the imitation learning of motion trajectories, the principle of DMP is investigated,
based on which the Bayesian optimization technique is introduced to DMP, a parameter
autonomy selection algorithm is proposed, and a numerical validation is carried out for the
motion trajectories with the displacement parameter at the order of magnitude 10', and the
results show that compared with the use of the expert parameter, the learning error of the
motion trajectories can be improved by using the parameter autonomy algorithm. The results
show that compared with using expert parameters, the learning error of the motion trajectory

and the tracking error in the terminated state is improved.

(2) Aiming at the problem of generalization failure under constrained environment in the

current motion trajectory imitation learning method, the Artificial Potential Field method is
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introduced into the DMP for trajectory modulation, the existing DMP mathematical model
is extended, and based on this, a motion trajectory imitation learning algorithm considering
environmental constraints is proposed. In order to verify the effectiveness of the above
algorithm, numerical validation and prototype validation are carried out, and the
experimental results show that the EC-DMP algorithm is able to modulate the online
generation process of motion trajectory of the DMP through the coupled control signals, and

effectively solves the problem of generalization failure under the constrained environment.

(3) To validate the practicality and robustness of the above method, typical scenario
validation experiments are conducted. Firstly, an experimental platform is built based on the
Robot Operating System (ROS) to realize efficient communication between hardware and
software systems. Secondly, irrelevant feature information in the raw demonstration data is
removed for the difference in speed exhibited by the manipulator during the task execution
phase and the stopping phase. Finally, a motion trajectory imitation learning experiment
containing multiple sets of demonstrations is designed, and the results show that the method
studied in this paper is improved in terms of autonomy and learning effect compared with
the existing methods, which is of great significance for promoting the engineering

application of motion trajectory imitation learning.

Keywords: Manipulator, Imitation learning, Dynamic movement primitives, Motion

trajectory, Bayesian optimization
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