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Cs482 – Robotics
LEGO Mindstorms – history, implications and limitations.


To advance in the world today in all vast directions, one would surely want new ideas for improving the system that we live in today. As you might know, children are builders of their own intellectual structures. They are gifted learners. Children need to understand technology at an early stage so that they can succeed and move forward. 


In Mindstorms: Children, Computers and Powerful ideas, Seymour Papert’s vision is when the child programs, the child both acquires a sense of mastery over a powerful piece of technology and establishes an intimate contact with some of the deepest ideas from science, mathematics and art of intellectual building. Powerful kinds of learning are established when children work on things. For example, when children work on an electronic sketchpad they are learning a language of shapes, about velocities and about processes and procedures. Papert says that anything is easy if you can assimilate it to a collection of models. The focus here is on the mind, and in particular on ways in which intellectual movements and cultures define themselves and grow as well.  By giving children a chance to choose a style of thinking, we provide them with the opportunity to develop the skill necessary to advance and expand knowledge. They will be able to generate new theories/ideas and input that you and I never thought about. Papert indicates that giving children the freedom of learning a skill at an early stage in life will give them the skill to think and react to things later on in their lives. As usually children/students refer to facts they had learned about and skills they acquired. Unlike adults, the only thing in most cases, children have to worry about is their education. Therefore they can react and expand their knowledge as they see fit and hence ‘invent’. 



Wellace Feurzeig, head of Educational Technology Group at research firm of Bolt Beranek and Newman, recognized the idea that Papert had. The idea was to have a programming language suitable for children. It would not be a ‘toy’ language but it would be simple enough yet, at the same time, powerful programming language for children to understand. Feurzeig helped find funding for the first implementation and trial of the language. The name of this language was LOGO, for it is symbolic. The development took place in early 70’s at MIT. The main use of this program is for children to use powerful tools to expand their knowledge and ways of thinking.  

Since then, meaning 70’s and 80’s, technology grew. New ideas emerged form old ones. In an effort to increase creativity of students LEGO - meld from the Danish words, ‘leg godt’ that means ‘play well’ - bricks has been incorporated in engineering education from kindergarden to graduate school. The natural appeal of these brick toys have led to engineering courses for school students and college courses. Students seem to become excited about engineering and hence became interested in math and physics through created bricks. The LEGO Mindstorm includes the Robotics Invention System and Robolab. The Robotics Invention System (RIS), a home version, is packaged and sold at retail (toy stores). It includes the RCX (Robotic Command Explorer) , IR (Infra Red) communications tower, two motors, two touch sensors, one light sensor, a generous kit of LEGO elements, and the Robotics Invention System software.  There is also the school version model, which is the Robolab. It uses unique software that is distributed with the LEGO Mindstorm. It guides you through a number of training missions using simple models. It contains components like the “Pilot” which is four levels of introduction to programming, making it easy for users to become familiar with options. Another component is Inventor, which helps students create their own personal robot program. The inventor has four levels presenting endless programming possibilities hosted in National Instruments' Lab View system. 
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The best way for students to understand something is to have ‘fun’ along the way. Motivation is key. You would apprehend that from kinder garden to college, students get excited about building, controlling, and competing when it is something they can create – weather experiment or robot. Students get enthusiastic and they would want to learn, they would want to expand their knowledge in order to make a better design, for example. 

Step-by-step learning challenges students, in a balanced way, to design and explore building robots. At the same time, they are actually constructing a knowledge bank in their minds. The new accumulated knowledge enables them to innovate and construct more complex designs, which in turn gives them a more advanced knowledge stream to even further expand from. Each achievement would encourage the next and this is what motivates students to keep expanding forwards. Students would feel great about themselves, and in some cases for the first time in their lives. The goal is not only to build a robot but also is what students learn in the process ( create, instrument, interface and execute).  For example, they learn how to design/invent, be in a team, learn about electrical engineering (basics of circuit theory), programming fundamentals. 

Usually students are amazed of being able to make something “a real robot” instead of just watching a simulation on the computer screen. Also, by giving the idea of manufacturing process through each of the experiments, the students’ enthusiasm and interest is maintained. What is happening is that the LEGO Mindstorm is helping students understand technology. When they design, construct, and program their own inventions, they gain deep understanding of how mechanisms work. After building, they create a program for their invention using either RCX code, Interactive C , legOS (depending on [image: image2.png]


your level) and then download it through a transmitter (cord or IR). The system of building, creating and executing teaches students problem-solving skills because they are given the opportunity to design, develop and test their own robot. Students would know immediately if their program is not functioning properly because the robot would not be moving in the manner they expected. Students would know what the outcome that they need and this skill is needed in general when programming. The fact they would see that the robot has made a mistake, they would debug the program and that itself is a tremendous learning opportunity for the students. The robotics system also helps with written problem solving as well. Working in a team is great because you would have two or more sets of eyes, groups of students would communicate and talk about the mistake and how to improve it and thus getting through to results they are looking forward to. Those strategies they build, slowly but surely, would enable them to fix more complex problems that they might encounter in the future. 

All these situations are the pros of having robotics in the classroom. Yet one should keep in mind the cost of these systems. A lot of school districts would not afford getting them. These cources require financial support, more space and more assistants. The nature of these products requires commitment from the teacher and also the students. It needs a lot of effort. These courses are more demanding than other regular classes. Most middle schools do not use block scheduling and therefore teachers might find a hard time scheduling or finding time without interruptions. Interruptions might lead students to be less inclined to solve complex problems. Furthermore, students might spend more time trying to develop building the bot rather than focusing on other important details from programming to getting the big picture sometimes. 

To understand what the RCX is and what kind of programming is possible one should probably find out more about the technical and programming parts of Robots. I talked briefly about the RIS (Robotics Invention System). The RIS consists of three major parts: The first is the RCX ( Robotic Command Explorer) controller. Researchers at Massachusetts Institute of Technology were the origional developers of the concept behind the RCX. They named the RCX a “brick” or “Programmable brick”. The RCX is the brain of a computerized LEGO model. It absorbs input and processes data received. You can attach to RCX a number of motors and sensors to build a mobile automaton. This “brick” can process over 1000 commands per second. The Second major part is the Programming environment, which allows you to CREATE and STORE programs on a personal computer, and download them into the RCX. The RCX has no programming capability. The third major part is the RIS, which is a 2-way transmission tower for communication between the personal computer and the RCX. The tower uses modulated IR light, rather than radio signals. The reason for that is to have more RCX units to be programmed in the same room. The power of the output of the IR tower can be adjusted in order to avoid interference. 

The RCX contains a Hitachi H8/3297, 8-bitMicrocontroller. It runs on 16 MHz. It supports several memory types, including 512 bytes of SRAM (for firmware) and 32K of external SRAM for your programs, and has 16K of ROM (Read Only Memory). The H8 comes with 3 built in timers, three 500 mA outputs, and three inputs. Also contains eight 10-bit analog-to-digital converters. There are different ‘layers’ of program instruction used in RCX. The bottom has a form of hardware BIOS, which is the basic input and output. This level hardware is a fixed part of the H8 processor. It provides low-level functionality. As an example, the downloading of programs. The hardware BIOS is stored in 16 KB of ROM and cannot be changed or erased. Here is a diagram that shows these parts:
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The Firmware layer contains the RCX’s ‘Operating System’. This Operating system can be updated from the Web. It is part of the ROM.  The Data layer is the actual place that holds programs that you run of the RCX. The Data programs are stored in RAM. Both the Data and Firmware are stored in 32 KB of RAM. The RCX can store up to five programs in RAM. This is nothing if you compare it with your desktop computer, where there is not enough storage place. The good thing however, is that the RCX needs little space to run its programs. Once the program is downloaded into each of the five program slots, as shown above, you would have to overwrite one of the old programs so that you can download a new one.  


There is an open source embedded operating system for LEGO Mindstorms. It offers superior performance and flexibility. Various tools are available, including web-based compilers working directly from your browser. It works reliably on RedHat and Suse 6.0 or higher. Also Peter van der Berken successfully ported it to work under Windows. The legOS version 2.0 features include:

  Dynamic memory management

·  Dynamic loading of programs and modules 

  Full IR packet networking 

  Preemptive multitasking 

  Drivers for all RCX subsystems 

  16 MHz native mode speed 

  Access to 32k RAM

Rather than the standard Lego Group Software, LegOS provides ability to write programs for the Lego Mindstorms in C and C++. There are many benefits, as an example, the user tasks are executed as native code, not interpreted. You have more memory and you have priority-based multitasking. 

There are a lot of programming alternatives for the LEGO Mindstorms RCX. As an example, you have NQC, which stands for Not Quite C. It is distributed freely and it works on Windows, Mac , and Linux. The NQC uses C-language syntax for programming. When you save programs, you save it as .nqc . Here is some simple code of  NQC language. 

task main()

{

SetPower(MOTO, 7);


SetDirection(MOTOR, OUT_REV);

While(true){


if (light > 60)



On(MOTOR);

Else



Off(MOTOR);   

}


With a programming language like NQC, you are encouraging young students with little, or most often no programming experience, to get a great introduction to what programming is all about. They would get experience of how to program in an early stage. They would be writing almost C code, yet its not, while at the same time they are getting the experience they need to become good hackers. It teaches you not only the skill but the true ways of understanding how the code works. For example, when saying while(true) do this and that. It is giving them a form of psuodo code where they get the knowledge of writing/programming. This way they can expand their mind into useful skills and thoughts to write real code in the future. When the time comes when they want to learn a more advanced programming language they would have the basic insight of what the language is all about. It will be much easier for them to understand what that language is because they already have the basic knowledge of what a language looks like. Now, however, they are getting more tools and this more powerful functions where they can move on. 


As one would say, the future is in the power of the young. This is true in the future it is up to the young generation of today to handle this world. What we need to do is present the best ways in which we can teach children. The only time the students would make a difference is when they are enjoying what they are doing. This applies also for adults as well. Regularly, you would learn something when you enjoy or are interested in something. When something applies to you, you would put extra effort from observing to understanding to implementing it. LEGO Mindstorms are not only useful for students, but also the base of good understanding and expanding creativity among students of all ages. 
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