An Inexpensive Educational Platform to Teach Humanoid Robotics
Tze-wen Wang and Marek A. Perkowski

Department of Electrical and Computer Engineering

Portland State University

{tzewen, mperkows}@ece.pdx.edu

Abstract

For the last few years, with generous supports from Intel Semiconductor, State of Oregon, and Portland Public School district, the Intelligent Robotics Laboratory at Portland State University experiments with inexpensive, entertaining and highly educational platforms to teach widely understood robotics to high school and undergraduate students. We believe that more students should be attracted to study engineering, and that building and programming small robots is the best way to achieve this goal. Winter programs and Summer camps have been organized, where students build their own robotic animals (hexapods, quadrupeds, bipeds), autonomous or radio-controlled, and equip them with computer vision, sonars and other sensors for light following and obstacle avoidance. High school students learn also Lisp – the language of Artificial Intelligence - and are able to use it in various simple projects. The curriculum includes: control of servo-motors, simple sensors, mechanical design of robot heads, robot animals, robot hands and robot arms, simple robot vision and pattern recognition, obstacle avoidance, search and labyrinths, and other.
However, although we have several successes and our students obtained awards in Oregon’s design competitions for their robots, we believe that these young students should use a more integrated and user-friendly system to insert their software components to. Recently, to aid the development of such a system, a PC LISP-based robot controller was created to interface by radio to the Robosapien walking bipeds. Robosapien is a $80 infrared remote-controllable humanoid walking robot that has an amazing power of programmable behaviors stored in its tiny chip. It is the 2004 hit in the robot hobby market in US, but as far as we know, it has not been used in education yet. We replaced the infrared control with radio and autonomous on-board microcontroller, and now the robot is controlled from PC environment with all its powerful image processing (OpenCV from Intel), speech processing (SAPI from Microsoft) and other software tools from Visual Studio. The robot can dance, sing, talk and move controlled from the remote computer. 

It has been our experience teaching robotics for more than 20 years, that it is much easier to integrate a large AI system in LISP than in other languages. LISP or its variants are taught in top Universities as first programming language, and it teaches good programming habits like recursion, tree data structures, object oriented programming, etc. We accumulated much LISP software for AI, evolutionary programming, natural language processing and other Intelligent Robotics applications. With the cost of desktops and laptops going dramatically down, we believe that it is no longer reasonable to use PIC or Basic Stamp platforms for autonomous robots, which is still a standard world-wide in robotic education. We have such processors in our systems, but they are closed to the users. The student sees the robotic walking humans through the LISP environment and he/she does not have to bother with details of radio communication or servo programming. We found this property also important to high school teachers who teach robotics – they prefer to work with familiar PC programming environment rather than using new, exotic to them, microcontroller platforms. 
A desktop computer today is powerful enough to run moderately simple AI programs at a reasonably speed, including all textbook famous programs like natural language conversation, building pyramides or avoiding moving obstacles. These factors motivate high-school students to build up and program robots. However, learning how to write intelligent robot programs in C or Basic is a barrier for most students. Traditionally, people use LISP to write AI program, especially programs for robotics. In spite of performance of programs written in LISP being somehow slower, LISP provides a great environment for AI programming. LISP’s interactive environment, uniform syntax, loose data-type, and special constructs offer the ease of programming and rapid prototyping. However, writing complex functions such as communication and GUI routines using LISP is painful and may discourage students from learning the language. Our system is based on a Common LISP implementation that features an interface connecting LISP functions and libraries written in other language, which is available in public domain and free for academic use. Thus, for few hundreds dollars spent for the radio controller, camera and Robosapien, every school can now experiment with remotely controlled autonomous robots with vision, speech and AI control, an environment similar to those that only few top universities were able to afford a couple of years ago. We hope that this kinds of robots will advance state of the art in robot research and education worldwide in the coming years.
In this paper, we briefly discuss foreign function facility of the Common LISP implementation and usage of the facility and its applications. Furthermore, we demonstrate a humanoid robot controlled in a LISP program collaborating with several C standard libraries including image recognition and operating system routines. We believe this environment will attract more high-school students in learning the language and increase their potential interests in autonomous systems, AI, programming and other engineering fields. The lecture will be enhanced with the demonstration of our system.
