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Abstract. Learning artificial intelligence sometimes is a very frustrating task
when you try to understand it with a lot of theory and a little practice. This pa-
per intends to illustrate that learning artificial intelligence could be an attractive

and entertainment task when your try to build robots that show some intelligent
behavior like see, hear, speech, move, and even learn. We use Lego mobile ro-

bots and Java for learning and applying some techniques from artificial intelli-

gence like neural networks, genetic algorithms, computer vision, speech recog-
nition, and speech synthesis.

1 Introduction

The use of physical robots as a teaching tool has been extended around the world.
With the development of the Lego Mindstorms Robotics Invention System, some uni-

versities use them for educational purposes. The Robotics Academy in the Carnegie

Mellon University (www.rec.ri.cmu.edu/education) offers a complete teaching pack-
age for children, to introduce them to technology, hardware, electronic control, com-
puter programming and mechanics. It has been used to instill engineering skills, sci-
entific interest, computer acquisition, general ideas and creativity among students [6];

also, applying Piaget's theories of cognitive development, to help students to under-

stand concepts about complex dynamic systems, like how global behavior can emerge

from local dynamics [8].

In the artificial intelligence arena, Lego based robots have been used for teaching
neural networks [4] and for building low cost robotics laboratories for teaching artifi-

cial intelligence [5].
In this paper we use Lego mobile robots for teaching/learning some artificial intel-

ligence themes in an Artificial Intelligence Course. Based on Nilsson's book [9],

which covers these themes with software agents, we begin to work a neural network,

a genetic algorithm and a computer vision algorithm with physical agents - our mo-

bile robots.

With the idea of using only one programming language, available to Lego robots,
we use Java. This way, we can build intelligent Lego robots with Java, as it provides

APIs for programming systems that can see, hear, speak [7], and even learn [12, 13].
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We use the Lego Mindstorms Robotics Invention System 2.0 for building the Lego
mobile robots; leJOS 2.1.0, a little Java operating system for downloading and run-
ning Java programs inside the robots; Java 2 for compiling the Java programs under

LeJOS, and some APIs for computer vision and speech recognition.

1.1 Lego Mobile Robots

The Lego Mindstorms Robotics Invention System (RIS) is a kit for building and pro-
gramming Lego robots. It has 718 Lego bricks including two motors, two touch sen-

sors, one light sensor, an infrared tower, and a robot brain called the RCX.
You

The RCX is a large brick that contains a microcontroller and an infrared port.

can attach the kit's two motors (as well as a third motor) and three sensors by snap-

ping wire bricks on the RCX. The infrared port allows the RCX to communicate with

your desktop computer through the infrared tower.
In this work, we use a Roverbot as it is constructed in the Lego Mindstorms Con-

structopedia, the guide for constructing Lego robots.

1.2 Java Technology

We use Java 2 Technology to program all algorithms we show, using own code and

predefined packages and Java APIs as shown in Table 1.

Java Technology

J2SDK

LeJOS

LMbpn

LMsga
JFM

JSAPI & Sphinx

JSAPI & Sphinx

Table 1. Java Technology used with Lego robots

Mean and use

Java 2 Software Development Kit to compile and run Java programs

Lego Java Operating System to run Java programs inside the RCX

A Lego Mindstorms Backpropagation Neural Network (own)

A Lego Mindstorms Simple Genetic Algorithm (own)
Java Media Framework for Computer Vision

Java Speech API and Sphinx for Speech Recognition
Java Speech API and Sphinx for Speech Synthesis

1.3 LeJOS

LeJOS is a small Java-based operating system for the Lego Mindstorms RCX. Be-
cause the RCX contains just 32 KB of RAM, only a small subset of the Java Virtual
Machine and APIs can be implemented on the RCX. LeJOS can be downloaded from

lejos.sourcefoge.net. For setting up a LeJOS installation refer to the LeJOS documen-

tation or Ferrari et. al. [2].
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