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	Part A:

	1.
	Module Code and Title:


	ME4245 Robot Kinematics, Dynamics and Control

	2.
	Modular Credits [MC]:
	 4 

	3.
	Rationale for introducing this module:
	Most machines today comprise a mechanical subsystem that provides motion or actions, and electrical/electronic subsystem for power, sensing and actuation, and a computer sub-system for control and intelligence. Mechanical engineers having knowledge about how these three systems are integrated together, with a specific focus on robotic manipulation systems, will have an added advantage in interdisplinary knowledge towards realizing various robotic systems.


	4.
	Module Description:


	The module facilitates the learning of the fundamentals of robotic manipulators for students who are interested in their design and applications. Successful completion allows students to formulate the kinematics and dynamics of robotic manipulators consisting of a serial chain of rigid bodies, and design, analyze and implement control algorithms with sensory feedback. The module is targeted at upper level undergraduates who have completed fundamental mathematics, mechanics, and control modules. Students will also gain a basic appreciation of the complexity in the control architecture and manipulator structure of new-generation robots.

Topics covered include: Introduction, Spatial Descriptions and Transformations, Manipulator Forward and Inverse Kinematics, Mechanics of Robot Motion, Robot Dynamics, Static Forces and Torques, Trajectory Planning, Robot Control

	5.
	Pre-requisites/Co-requisites:

	MA1506/ME2142 for ME students
EE2010 for ECE students

	6.
	Preclusions:

	Nil

	7.


	Cross Listing:

	Nil

	8.
	Workload hours per week:


	10 hours per week
	

	9.
	Offered with effect from:
	 NA


	Part B:

This part is to be revised on each occasion the module runs and made available to students.

	1.
	Module Lecturer/s:


	(i)
Principal lecturer/s:
	Assoc Prof Marcelo H Ang Jr

	
	
	(ii)
Alternative lecturer/s:
	Assoc Prahlad Vadekkapat

	2.
	Maximum Class Size:
	  50  (preferred)


	3. 
	Learning Outcomes: 
	1. Be able to mathematically describe the position and orientation of a rigid object.
2. Given the mathematical model of the kinematics and dynamics of a robot, be able to physically visualize the robot’s motion capabilities

3.  Develop mathematical models of the robotic manipulators (including kinematics and dynamics)

4. Synthesize and analyze robotic motions (both tool and internal joints)

5.  Develop control algorithms that control the motion of the robot

6. Analyze different control algorithms.

7. Understand strengths, weaknesses of different robotic configurations for certain applications.



	4.
	Syllabus:


	1.
Introduction, Spatial Descriptions and Transformations
5

Robot definition. Robot classification. Robotics system components. Notations. Position definitions. Coordinate frames. Different orientation descriptions. Free vectors. Translations rotations and relative motion. Homogeneous transformations.

2.
Manipulator Forward and Inverse Kinematics
6

Link coordinate frames. Denavit-Hartenberg convention. Joint and end-effector Cartesian space. Forward kinematics transformations of position. Inverse kinematics of position. Solvability. Trigonometric equations. Closed-Form Solutions. Workspace.

3.
Mechanics of Robot Motion
6

Translational and rotational velocities. Velocity Transformations. The Manipulator Jacobian.  Forward and inverse kinematics of velocity. Singularities of robot motion. 

4.
Static Forces and Compliance
3

Transformations of static forces and moments. Joint and End-Effector force/torque transformations.

5.
Robot Dynamics and Trajectory Planning
10

Lagrangian formulation. Model properties. Newton-Euler equations of motion. Simulations. Joint-based motion planning. Cartesian-based path planning.

6.
Robot Control
9

Independent joint control. Feedforward control. Inverse dynamics control.

Robot controller architectures. Implementation problems.




	5.
	Modes of Teaching and Learning

	Lectures, discussions in class, problem solving sessions, assignment and drill problems online, IVLE forum/BLOGs and discussions, course notes and supplementary reading materials (with many in RBR of the library), videos, demonstrations, one-on-one consultations.

	6.
	Workload 

	(i)     Lecture/Class:
	3

	
	
	(ii)    Tutorial/Seminar:
	0.5

	
	
	(iii)    Laboratory:
	0

	
	
	(iv)    Fieldwork, projects, assignments, etc:  
	2

	
	
	(v)    Preparatory work: 
	4.5

	
	
	Total 
	10hrs/wk

	7.
	Assessment (%):

	

	
	
	Quizzes, assignments, misc exercises
	30%

	
	
	
	

	
	
	
	

	
	
	Total for CA:
	30%

	
	
	Total for Final Examinations (Open Book):
	70%

	
	
	Total Assessment:
	100%

	8.
	Illustrative Reading List:

	

	
	(a) 
Compulsory reading:
	Sciavicco L.  and Siciliano B., Modeling and Control of Robot Manipulators. Second Edition (ISBN 1-85233-221-2), Springer Verlag, London, 2000



	
	(b) 
Supplementary reading:
	1. Fu K.S.,, Gonzalez R.C., and Lee C.S.G. Robotics: Control, Sensing, Vision and Intelligence. McGraw-Hill, NY, 1987. (Recommended for purchase)

2. Sciavicco L. and Siciliano B., Modeling and Control of Robot Manipulators. McGraw Hill, 1996.

3. Craig, J.J., Introduction to Robotics, Mechanics, and Control. 2nd Edition. Addison Wesley, MA, 1989. (3rd Edition, if available) 

4. Spong, M.W. and Vidyasagar, M., Robot Dynamics and Control, Wiley, New York, 1989.

5. Paul, Richard P., Robot Manipulators  : Mathematics, Programming, and Control : the Computer Control of Robot Manipulators, MIT Press,  Cambridge, Mass., 1981.

6. Lewis F.L., Abdallah C.T., and Dawson D.M., Control of Robot Manipulators, Maxwell Macmillan International, 1993.
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