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Another educational initiative based on the use of microcontrollers is the newly developed Introduction to Robotics course.  This course is geared toward junior/senior level undergraduates and beginning graduate students in computer science and artificial intelligence (the University of Georgia offers BS, MS, and PhD degree programs in computer science as well as a separate MS degree program in artificial intelligence).  The primary focus of the course deals with all aspects of autonomous mobile robots.  In particular, the major issues investigated are cognitive behavior, and motion.  Cognitive behavior addresses problem solving using sensory inputs and desired goals.  Motion deals with aspects of movement in the real world from simple fixed-base robotic arm movement to autonomous rovers in unknown environments.

Students completing the Introduction to Robotics class will have been exposed to a number of lecture topics as well as many practical (hands-on) topics.  Lecture topics include introduction to robotics, cybernetics, history of robotics, robotics in fact and fiction, application areas, mechanical foundations, electrical foundations, control, intelligent behavior, autonomous robot architectures, robot reasoning, knowledge representation, and planning.  Practical topics include robot kit construction, wiring diagrams, simple circuits and components, basic electronics, soldering, motors, gears, principles of motion, microcontrollers/microprocessors, sensors, feedback, and computer programming for intelligent behavior.  The course consists of traditional lecture activities and hands-on laboratory activities.

Performance measurement within the class is based in part on traditional assignment/testing instruments.  However, the majority of a student’s grade is based on laboratory exercises.  Laboratory reports are prepared by teams of three to five students working to resolve a specific laboratory challenge.  Each challenge is designed to achieve an educational objective involving mastery of various robotics related topics, problem solving creativity and innovation, team organization and management, and verbal and written presentation skills.  At a more detailed level, each challenge provides students with ample opportunity to become immersed in the mechanical and behavioral aspects of the various robots used in the class.  At a more abstract level, students are exposed to a simulated work environment (as close to a real-world environment as possible) where a team is given the task of achieving a specific goal within a specific time frame while using available tools and equipment.  Performance is based on results not effort, on quality of team output not on the superiority of work done by any one individual.  Since the challenges are team-based, a mechanism is in place to translate a team “grade” into an individual grade for each of the students on a team.  This mechanism ensures that credit is given to those members of the team who earn and deserve it.

The major laboratory exercises, called challenges, require the student teams to design and build their robots to exhibit some specific behavior ranging from simple motion to sophisticated real-time problem solving.  Examples of these challenges include the “square figure eight” challenge, the “maze egress” challenge, and the “honey bee” challenge.  The basic robotic equipment available to each team includes various sensors, batteries, two motors, an electronic module, a chassis with wheels, and miscellaneous supplies.

The square figure eight challenge allows each team to become familiar with the software and (robotic) hardware.  The task is simply to develop a mobile robot that can start from a known position (the home position), move one meter forward, turn 90( to the right, move one meter, turn 90( right, move one meter, turn 90( right, move two meters, turn 90( left, move one meter, turn 90( left, more one meter, turn 90( left, move one meter, and end up back at the home position.  As most of the students in the class have strong computing backgrounds, the software portion of this challenge is quite simple.  The major problems they encounter deal with the hardware portion of the challenge, especially synchronizing the motors for proper straight-line motion and accurate turning, and calibrating the robots for the proper distance movement.  Students quickly learn to solve these problems by analyzing the relationships between power drain (due to sensors, motors, electronic components, wheel material and floor covering) and the power supply (rechargeable batteries).

The “maze egress” challenge requires each robot to exit a maze in a short amount of time.  By the time the class is ready for this assignment, the challenges have evolved into competitions among the teams.  The challenge “winner” in this case is the team whose robot can exit the maze in the shortest time (maze configuration is random and unknown to the teams prior to egress demonstrations).  The behaviors involved in maze egress include reactive behavior, selective random motion, and some small amount of learning.  Typically, infrared range sensors and touch sensors are the primary sources of inputs to the robots for this challenge; however, some creative teams include interesting distance measurement schemes as well as some sort of terrain mapping memory scheme.  The maze is constructed on a large conference table and has an outer boundary wall as well as internal passageways.  The internal wall configuration disallows naïve maze egress schemes such as simply following the left-hand wall until an exit is reached.  From a resource supply and resource usage point of view, students quickly learn which ideas work best for the various situations their robots encounter.  For example, they learn to develop robot behaviors that “recognize” blind alleys that require the robots to back up rather than turn around, non-productive repetitive movements such as being “stuck” in an infinite reaction loop, and remembering previously visited passageways that did not lead to an exit.

One of the more difficult challenges is the “honey bee” challenge.  The basic idea has a robot (a honey bee) leaving from a home base area (the hive), searching a limited terrain for a specific target (the flower), returning to the home base following the shortest path, and communicating the location of the target to another robot (fellow gatherer) so that the other robot can then move directly (via the shortest path) to the target.  Various obstacles are randomly placed throughout the terrain in order to impede the robots.  Initially, students find this challenge quite daunting.  However, this is soon overcome with a little research and imagination.  For example, they learn to take advantage of the terrain features by using the obstacles as landmarks to aid the search and recovery tasks (just as honey bees take advantage of landmarks to guide their foraging).  This aids with mapping the terrain so that the robot will be able to determine the shortest path back to the home base area.  Lessons learned during the earlier challenges are incorporated within this challenge as well.  Searching the terrain for the target is facilitated by behavior implemented in the “maze egress” challenge.  The portion related to communicating the location of the target to another robot is the area where the students really come through with creative and ingenious solution methods.  The typical scheme is usually based on sending and receiving a type of Morse Code using the infrared emitters of one robot and the infrared detectors on another robot.

As mentioned earlier, each team has a variety of equipment available to use for developing their robots.  Kits provide the primary source of equipment (although each challenge is assigned a specific kit, students are given broad latitude when it comes to creative hybrid designs).  Examples of kits available to the teams include: Boe-Bot kits from Parallax, Lego Mindstorms kits, Botball kits from the KISS Institute for Practical Robotics, Hexapod Walker kits from Lynxmotion, and Palm Pilot Robot Kits (PPRKs) from Acroname.  In addition, a variety of supplies, parts, electronics, and fabrication items are available.  Each kit has certain special features and characteristics, as well as similarities.  For example, each kit except for the Lego kits use servos for the drive motors (the walker legs are driven by servos), each kit uses some sort of infrared sensor and touch sensor to gain inputs from the environment, and each kit is controlled by programs developed on a PC using a development environment.  The programming languages used to code robot behaviors vary and are dependent upon the type of microcontroller used in the kits.  The table below shows the kits along with their corresponding microcontroller and programming language environment.  Note that the Hybrid items are not kits but are simply collections of parts and supplies using various components.  The BrainStem module is a special component from Acroname.

	Kit
	Microcontroller
	Programming Language

	Lego Mindstorms
	RCX (Hitachi H8 series)
	NQC (not quite C)

	Boe-Bot
	BasicStamp (PIC16C57)
	P-Basic

	Hexapod Walker
	BasicStamp (Scenix SX28AC)
	P-Basic

	Botball
	HandyBoard (MC68HC11)
	Interactive C

	PPRK
	SV-203 (PIC16C78B)
	C (CodeWarrior for Palm)

	Hybrid-1
	BrainStem (PIC18C252)
	C, C++, Java

	Hybrid-2
	HandyBoard (MC68HC11)
	Interactive C

	Hybrid-3
	BasicStamp (PIC16C57)
	P-Basic


Although students in the Introduction to Robotics course do not directly program their microcontrollers using assembly language programming, they do become very familiar with handling digital and analog sensory inputs along with controlling servomotors using pulse width modulation.  Hobby servos and standard DC motors are the devices of choice for locomotion.  Sensors available for use include: touch/switch sensors, light/photocell/phototransistor sensors, infrared (modulated/unmodulated) sensors, compass sensors, ultrasonic ranging sensors, and thermal sensors.  Hybrid component design and any necessary construction usually take place in the Microelectronics Lab within the Artificial Intelligence Center.  Students have access to soldering equipment, test instruments, and other miscellaneous items.

To date, the regular course has only been taught one time, this past fall semester (in addition to a trial independent study course for graduate students two years ago).  The class is expected to become a regular fixture in the fall semester offerings.  Interest in the course is very strong among students from several departments outside of computer science as well as being strong within the department.  Word of our robotics activities has already attracted local and regional news coverage, and requests for visits from many area middle and high schools.  If this initial momentum is any indication, the future for robotics at the University of Georgia seems very bright indeed.

Useful Websites

Acroname, Inc.:  www.acroname.com/robotics
Handyboard:  www.handyboard.com
KISS Institute for Practical Robotics:  www.kipr.org
LEGO Mindstorms:  www.lego.com/dacta
Lynxmotion, Inc.:  www.lynxmotion.com
Parallax, Inc.:  www.parallaxinc.com
Robotics Institute at CMU:  www.ri.cmu.edu
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