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Fall 2007 Syllabus

Course: 


CSCI 485 – Introduction to Robotics
Time: 


TTh 12:30PM – 1:40PM

Location: 

CSCC 318
Professor: 
Dr. Donald Yessick

Office Location: 
CSCC 107

Office Phone: 
(843) 349-2834

E-Mail: 

dyessick@coastal.edu, dyessick@gmail.com
Office Hours: 
MWF 10:00AM-12:00PM


MTWTF 2:00PM-3:00PM


No appointment is necessary but always courteous.


Other times can be made available by appointment.

Prerequisite
Grade of C or above in Computer Science 220
Description
An introduction to the fundamentals of mobile robotics including robot hardware, sensors, obstacle avoidance, navigation, mapping, path planning and robot architectures.
Required Texts
Principles of Robot Motion: Theory, Algorithms, and Implementations by Howie Choset, Kevin M. Lynch, Seth Hutchinson, George Kantor, Wolfram Burgard, Lydia E. Kavraki, Sebastian Thrun


Supplemental material will be also be supplied.

Web Page: 
http://www.dyessick.com/Coastal/Fall2007/CS485

Objectives:
The objective of this course is to provide the student with the necessary skills to plan, implement, and program basic robotics and machine automations. The student is to gain an understanding of motors, sensors, and control used in basic robotic architectures. The course describes and implements various autonomous algorithms and investigates various programming platforms.

At the end of this course the student will have demonstrated competence small robotic systems. The student will demonstrate abilities in using sensors to accomplish task such as obstacle avoidance, mapping, and navigation. The student will be able to design, build, and program a small robotic system appropriate for a simple robotic task.
Grading
Grades will be based on homework assignments, tests, and a comprehensive final exam.

· 20% Participation

· 20% Projects
· 20% Final Project

· 20% Mid Term
· 20% Final Exam
Grading Scale:
	90 – 100
	A
	70 - 76
	C

	87 – 89
	B+
	67 - 69
	D+

	80 – 86
	B
	60 - 66
	D

	77 – 79
	C+
	0 - 59
	F


Student Learning Outcomes
Upon completion of this course, students should be able to:

· Plan, implement, and program basic robotics and machine automations. 

· Explain of motors, sensors, and control used in basic robotic architectures

· Describes and implements various autonomous algorithms

· Describe various programming platforms.

· Demonstrated competence on small robotic systems. 

· Demonstrate abilities in using sensors for obstacle avoidance, mapping, and navigation. 

· Design, build, and program a small robotic system appropriate for a simple robotic tasks.
· Explain the role of Robotics in Automated Manufacturing 

· Discuss the following topics: History of robotics; Industrial robots; Robots in automated manufacturing; Mass-production systems; Batch manufacturing 

· Discuss the following topics: History, evolution, and current trends in the robotics. Basic robotics. Robotic applications. Hobby robotics. 

· Give a overviews of: the stationary and mobile robots. The most famous robotic projects. Use in the civil and military applications. Characteristic parameters, kinematic structures. 

· Cite an example from history to show that some elements of robot technology were present in manufacturing more than 100 years ago.. 

· Identify and describe the reasons why robots did not appear in large numbers in manufacturing until the late 1970s. 

· State the Robot Industries Association's definition of an industrial robot and explain the two key words. 

· Explain, and give an example of, how industrial robots are used in mass production manufacturing systems which utilize transfer lines. 

· Describe how industrial robots are used in batch production systems which utilize the traditional job-shop and flexible manufacturing systems. Give two or more examples. 

· Explain Robot arm; Controller; Power source; Tooling; Teaching devices; Data storage devices; Work envelopes; Programming 

· Discuss the nature of Kinematics and statics. Direct and inverse task of kinematics. 

· Understand Path planning and movement dynamics of the stationary robots. 

· Show Models and control of the stationary robots. 

· Name and describe the basic building blocks of an industrial robot. 

· Name and describe the additional components that make up a robot system. 

· Define the following robot terms: degree of freedom, position axes, orientation axes, work envelope, tool center point. 

· Define and give an example of the following specifications for industrial robots: payload, repeatability, memory capacity, environmental requirements. 

· Explain the difference between accuracy and repeatability in robots. 

· Industry classifications, Classification by control system; application; Open-loop and closed-loop control; Control advantages and disadvantages 

· Identify the six groups into which industrial robots can be classified. 

· Explain the distinction between robots with closed-loop control and those with open-loop control. 

· Describe the techniques used in closed- and open-loop systems to move the end-of-arm tooling to the programmed point. 

· List the advantages and disadvantages of open- and closed-loop control in robot systems. 

· Distinguish between assembly or nonassembly robots according to the applications for which they were designed. 

· Classify robots by arm geometry, power source, and path control technique. 

· Identify the three basic robot work envelopes and name the arm geometries that produce them. 

· Name the three power sources used for robot motion and give an advantage and disadvantage of each. 

· Identify the two basic path-control techniques and describe their characteristics. 

· Identify characteristics of Contact and noncontact sensors; Photoelectric, proximity sensors; Complex sensor interface; Complex process control sensors 

· List the two types of interfaces and three groups of sensors used in industrial robot systems. 

· Describe the primary simple contact sensor commonly found in robot systems. 

· Identify and explain the operation of the two simple noncontact sensors used in industrial robot installations. 

· Explain the difference between the simple sensor interface and complex sensor interface. 

· Identify and describe visual and tactile sensors and the systems required to support them. 

· Define Tooling Power sources; 
· Discuss Grippers; Vacuum, magnetic, and flexible pneumatic devices; Special-purpose tools and devices 

· Name the five general requirements that all tooling must satisfy. 

· Identify and describe briefly the four basic tooling power sources. 

· Identify the six categories of end-of-arm tooling used in robot applications. 

· Identify and describe examples of the end-of-arm tooling included in the following categories: standard grippers, vacuum devices, magnetic devices, flexible pneumatic devices, special-purpose tools, and special-purpose devices. 

· Discuss Controller functions; Program elements; Program commands; Arm motion; Task point diagram; On-line, off-line programming 

· List and describe the four basic functions of the computer(s) controlling an automated work cell. 

· Explain the two fundamental elements of all industrial robot programs. 

· Describe mainline and supporting sequences in a robot program and give an example of a conditional branching command. 

· Name and describe two basic methods of robot teaching. 

· Define on-line programming and explain how its chief disadvantage can be reduced by some programming methods. 

· Basic parameters of the mobile robots. Model and control of the wheel mobile robots. 

· Basic algorithms of the robotic vision. Applications of the cameras, laser distance meters, and sonars. 

· Map-building and localisation of the robot. Analysis of the known methods. Cite Examples. 

· Global and local navigation of the mobile robots. Means of the navigation. Cite Examples. 

· Methods of the planning and problem solving. 

· Local and global methods of the path planning. Path planning in a complex environment with obstacles. 

· Discuss the use of the neural networks and other methods for the control and navigation of the robots
Policies:

· Students are expected to attend all classes and to arrive on time, turn off cell phones, etc., during class. 

· Make-up exams must be scheduled in advance, if possible, and certainly before you next attend class. Violation of this policy will result in a zero for the exam.

· Students are expected to do their own work. Plagiarism is a serious offense and will not be tolerated. Whether it is a line in a report or a line of code, any time you turn in work that is not your own, it constitutes plagiarism and a violation of university policy. Violation of this policy will result in no less than a zero grade assigned for the assignment, a loss of at least a letter grade for the course, in addition to any actions recommended by the university, which may include annotations on your official transcript, an F for the course, or even expulsion from the university.
· Assignments are expected to be on time. Late assignments may be penalized up to 10% per day. It is imperative that you begin any assignments as early as possible to facilitate unexpected difficulties which will arise. Start projects immediately and strive for early submission.
· Attendance is assumed. Excessive absences will affect your grade. Students are expected to attend all classes and to be on time. Absences, excused or otherwise, do not exempt students from responsibilities of new assignments or deadlines. If you are absent, excused or otherwise, you are responsible for any material presented, assigned, or due during class, unless prior arrangements have been made. Emergencies may be noted. There will be no make ups for in-class assignments or unannounced quizzes. Chronic (about once a week) absenteeism (excused or otherwise) will result in a F for the semester, excessive absenteeism (more than 3 unexcused and without arrangement) will result in the loss of a letter grade.
· Students are expected to be on time. Arriving even 5 minutes late is rude and distracting Attendance may be taken at the beginning of class and tardiness will be taken as absenteeism.

· Students are expected to read the relevant material and participate in class discussion. Failure to do so will be reflected in your participation scores. 
Syllabus

	1
	
	Thursday, August 23 

	
	
	Introduction and Syllabus

	2
	Tuesday, August 28 
	Thursday, August 30

	
	Chapter 1 
Overview
	Chapter 2 
Bug Algorithms 

	3
	Tuesday, September 4
	Thursday, September 6

	
	Chapter 2 
Sensor Processing and Types 
	Chapter 3 
Configuration and Space

	4
	Tuesday, September 11
	Thursday, September 13

	
	Chapter 3 
Transforming Configuration and Velocity
	Chapter 4 
Potential Functions

	5
	Tuesday, September 18
	Thursday, September 20

	
	Appendix G 
Analysis of Algorithms and Complexity Classes
	Chapter 5 
Roadmaps

	6
	Tuesday, September 25
	Thursday, September 27

	
	Appendix D 
Curve Tracing
	Chapter 6 
Cell Decomposition

	7
	Tuesday, October 2
	Thursday, October 4

	
	Chapter 6 
Cell Decomposition
	Chapter 7 
Sampling Bases Algorithms

	8
	Tuesday, October 9
	Thursday, October 11

	
	Chapter 7 
Sampling Bases Algorithms
	Appendix I 
Statistics Primer

	9
	Tuesday, October 16
	Thursday, October 18

	
	Appendix J 
Linear Systems and Control 
	Chapter 8 
Kalman Filtering 

	10
	Tuesday, October 23
	Thursday, October 25

	
	Chapter 8 
Kalman Filtering 
	Chapter 9 
Bayesian Methods 

	11
	Tuesday, October 30
	Thursday, November 1

	
	Chapter 9 
Bayesian Methods 
	Chapter 10 
Robot Dynamics 


	12
	Tuesday, November 6
	Thursday, November 8

	
	Chapter 10 
Robot Dynamics 
	Chapter 10 
Robot Dynamics 

	13
	Tuesday, November 13
	Thursday, November 15

	
	Chapter 11 
Trajectory Planning 
	Chapter 11 
Trajectory Planning 

	14
	Tuesday, November 20
	Thursday, November 22

	
	THANKSGIVING HOLIDAY
	THANKSGIVING HOLIDAY

	15
	Tuesday, November 27
	Thursday, November 29

	
	Chapter 11 
Trajectory Planning 
	Chapter 12 
Nonholonomic and Underactuated Systems 

	16
	Tuesday, December 4
	Thursday, December 6

	
	Chapter 12 
Nonholonomic and Underactuated Systems 
	Chapter 12 
Nonholonomic and Underactuated Systems 

	17
	Tuesday, December 11
	Thursday, December 13

	
	
	Final Exam 1:30 p.m.


Notes:
This schedule will change as needed during the semester. The presented schedule is overly optimistic and my plan is to selectively skip/skim or concentrate selected chapters based on student feedback and interest during the semester. Some reading assignments are likely to be review and these slots will be used to dwell on selected topics or investigate readings and literature from other sources.
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