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The purpose of this course is to introduce the basic analysis tools that are used in multi-
joint robots. The course focuses primarily on mathematical modeling and control methods of
multi—-joint robot. Since robotics is a very broad field, the course does not address many
specific research issues. Rather, it examines some important tools and principles underlying
legged locomotion, which are useful to design and build various kinds of robots. Central
topics include fundamentals of robot kinematics, robot dynamics, robot control, manipulation

and bio—inspired locomotion.
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This course mainly focuses on mathematical modeling and control methods of multi-—joint
robot. The content of the course includes robot kinematics, robot dynamics, Jacobian
matrix, trajectory planning, position control, force control and bio—inspired locomotion,
etc. This course aims to cultivate students’ ability to comprehensively apply existing
knowledge to solve the modeling and control of various types of robots from a systematic
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perspective. Specific learning outcomes are as follows:

1) Students are expected to master the basic principles of manipulation and locomotion;
2) Students are expected to learn the methods of modeling, analysis and control of the
robotic system;

3) Students are expected to master the basic principles of robot kinematics, dynamics,

trajectory planning, manipulation and locomotion control;

4) Students are expected to be familiar with the definition of the problem, scientific
research process, cooperation, academic writing and presentation.
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1.  Introduction to the course, pre-requisites, course goals (2 hours)

2. Case study, status and prospect (2 hours)

3. Kinematics I (robot manipulators, preliminary of kinematics, rotation matrix) (2 hours)
Kinematics IT (homogeneous matrix, orientation representation) (2 hours)

Kinematics IIT (Denavit-Hartenberg (D-H) convention) (2 hours)

Kinematics IV (forward kinematics) (2 hours)

Kinematics V (inverse kinematics, Jacobian) (22 hours)

Kinematics VI (Jacobian, skew symmetric matrix, derivative of rotation matrix) (2 hours)
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Kinematics VII (Jacobian calculation,statics, SVD) (2 hours)

10. Kinematics VIII (manipulability index, trajectory planning) (2 hours)

11. Dynamics I (Lagrangian equations) (2 hours)

12.  Dynamics II (kinetic energy, potential energy, symbolic derivation) (2 hours)
13.  Dynamics III (Lagrangian method based on homogeneous matrix) (2 hours)
14.  Dynamics IV (Newton-Euler Method) (2 hours)

15. Dynamics V (Walking Simulation) (2 hours)

16. Control I (Manipulator) (2 hours)

17.  Control II (locomotion) (2 hours)

18. Project proposal (group presentation) (2 hours)

19. Locomotion I (modeling and simulation) (2 hours)

20. Locomotion II (analysis and principles) (2 hours)

21. Human gait I (terminology, gait cycle, GRFs, dynamics and energetics) (2 hours)
22. Human gait IT (measurement and analysis) (2 hours)

23. Exoskeletons and prosthetic devices (2 hours)

24. Final project presentation and discussion (2 hours)
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1 R, ISBN: 9787111542759,

2. Whittle’ s Gait Analysis, JREMRFEO, 1E3#: David Levine: Jim Richards:; Michael W.
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