[image: image51.jpg]



Professional English Project

[image: image1.png]INSTITUTO SUPERIOR TECNICO




-< “What’s the robotics application underlying Lego’s world?” >- 




Rui Miguel Martins de Oliveira – MEEC – 58048

Pedro João Monteiro Grilo Lema Santos – MEEC – 58049

Ricardo Mendes de Oliveira – MEEC – 58050

21st of May 2007

Instituto Superior Técnico

06/07 2nd Semester

Abstract


This work has the main purpose of establishing a bridge between robotics technology and Lego. Such a well known name, associated with plastic toys, has an enormous potential. We will try to prove so.


What’s the significance of Lego and its relation to robotics nowadays? Even if there’s some kind of connection, why should a person choose the Danish trademark? What variety of objects are we able to design and project with Lego, besides building construction and all the other well-known creations?


We’ll try to go deeper in this matter as well, analyzing specifically Lego Technic, considering the components that allow someone to build a robot, through computing software and hardware, with his own imagination. 


MOC (“My Own Creation”) examples will be presented. Some curiosities will be shown to reader’s entertainment.


Above all, we will show that Lego provides a simple and economic way of developing our own gadgets and robots. What seems to be impossible and unreachable for most of us is at one-mouse click distance.
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Introduction

Robotics


To start with, the English Written Project should have something to do with our own specific engineering. Curiously, our course divides itself in five categories: Computers; Systems, Decision and Control; Energy; Telecommunications and Electronics. All of them could give rise to marvelous projects, as they are modern and innovative lines of investigation and progress. 
After we went through some exhausting reflection, the “decision and control” subject seemed the most interesting and challenging. It’s often known as robotics.


This subject came out naturally, since the three group members worked with LEGO, in robotics. In fact, two of us participated in related events (one actually took place in I.S.T.). It’s always a theme that fascinates common society, with its variety and superb potential. For these reasons, we thought of showing people what’s so interesting about the use of LEGO for this purpose.


Mankind has evolved from pre-historic times to the present day, not only in terms of society, but also in terms of means and intelligence to solve problems. Communication became easier, things got more accessible to everyone’s hands. Society has expanded and developed itself, combining years of experience and devotion. What could require hard labor a thousand years ago, takes 5 minutes do be done today with the help of some gadget.


The need to know more has taken Men further in the industrial and technological world. And who knows the limit of this expansion? As far as we are concerned, no one can tell, only future will. Besides that, greed is a strong motivation for all of us. “Enough is never enough”, as someone once said.


The latest researches point out robotics as main objective.

“Robotics is the science and technology of robots, their design, manufacture, and application. Robotics requires a working knowledge of electronics, mechanics, and software” – wikipedia
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And even this area has suffered a long evolution so far.


In 1738 an early automaton was built by Jacques de Vaucanson. He created a mechanical duck that was able to eat and digest grain, flap its wings and excrete, though many consider the first robot in the modern sense to be a teleoperated boat, similar to a modern ROV (“Remotely Operated underwater Vehicle”).

“A robot is a mechanical or virtual, artificial agent. A robot is usually an electro-mechanical system, which, by its appearance or movements, conveys a sense that it has intent or agency of its own.” – wikipedia
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The latest efforts are being taken in order to build a robot capable of representing a human being, through its feelings, reactions and movements. This kind of machine is usually called a humanoid. The complexity of such a technical work is amazing. Big Japanese enterprises are ahead in this type of investigation and technology. Honda has built a well-known humanoid already, called ASIMO. 


Throughout history, robots had a great diversity. Animals, vehicles and machines were built with some sort of “smartness”, among others. All robots share one structural aspect though: they all react to surrounding stimulations, according to each particular situation. Basically, robots must have an artificial intelligence. When facing something, a robot should analyze, interpret and make a decision about it (even if it’s controlled by a human).

What are the current uses for robots? These machines are used in industries, which have a huge mass production (car production industries for example), used in rescues and cataclysms (dangerous situations for a human) and many other situations. In fact, nowadays, we live side by side with automation without even noticing it. Even the most common objects, overlooked by us, may involve a complex and detailed mechanism. It’s so common now that none of us is aware of it.

There are many jobs which a human could perform better than a robot but for one reason or another the human either does not want to do it or cannot be present to do the job. The job may be too boring to handle, for example domestic cleaning. Innumerous vacuum cleaner robots were already made for domestic purposes.

This overuse of robots has a price, though.

Jobs that require speed, accuracy, reliability, and endurance can be performed far better by a robot than by a human. As a result, many jobs in factories, which were traditionally performed by people, are now robotized. Unemployment is increasing due to this particular fact.

Robotics development also started a worldwide debate, concerning ethical questions about this subject. Is it really appropriate to build a humanoid? Are we some sort of divine intervention? Is there a risk of a machine takeover, many times presented on movies? It may be a superfluous question but who knows? It’s a global opinion that innovation related to technology has no predictable end…

LEGO® and Robotics


Robotics theme is a fascinating theme for everyone. The idea behind a robot is dazzling. To project something that is intelligent somehow, or that executes an order given by us at any time, sounds pretty interesting.


How is a person able to access such a technology? And even if a person is able to get the necessary raw material for the job, what knowledge should a person have?


It’s easy to conclude that it’s pretty expensive and difficult. Matters like electronics, mechanics and software must be consolidated, not to mention how hard it is to build a consistent structure in some kind of metal or plastic. You would need tools for that, probably a whole warehouse with your own workshop.


It’s not by accident that only big trademarks work in robotics, spending millions on their projects, using qualified engineers and scientists for the job.


Common sense tells us it’s rather impossible for an average citizen to work on such projects.


Just as an example, ASIMO costs approximately $1 million to manufacture in addition to thousands more for maintenance. It’s absurd!


There should be an accessible way to study robotics. And there is.


From now on we will show what a person can do using LEGO.


LEGO® history …


LEGO was originally founded by Ole Kirk Christiansen, who used his workshop to build wood toys in 1932. Later on, he began calling it Lego (“leg godt” – Danish expression for “play well”), creating plastic toys, based in cellulose acetate. The first times weren’t so good for the company. The use of plastic toys was not highly regarded by consumers and retailers of the time, which lead into a phase of poor sales. The years that followed were essential to LEGO’s growth and to what it became.


Since it began producing plastic bricks, the LEGO Group has sold millions of play sets themed around space, robots, pirates, etc.


Furthermore, the Danish Trademark has recently expanded to the manufacture of motors, gears, lights, sensors and cameras designed to be used with all other Lego components. Special bricks such as RCX are programmable, being able to perform complex tasks. Those particular components are part of a LEGO category named Mindstorms.


This recent expansion brought the opportunity to design and project robots! And it has enormous advantages.


Easy Access…


Unlike other kits and sets (electronics, chips), LEGO is available for everyone, not only in physical terms, but also concerning financial aspects. It’s not for free, but for a reasonable amount of money you are able to purchase what you need, in order to let your imagination flow through the world of robotics.


Online stores based in e-commerce like eBay and BrickLink also provide an easy access to LEGO kits, depending on the users will.


It’s Educational…


Suitable to all ages, LEGO Mindstorms allow children, teenagers and adults to have a closer contact with robotics. In fact, Lego has a partnership with some schools and universities in Portugal. It provides Mindstorms sets for students to develop their abilities on this area.


Portugal is also part of FFL – First LEGO League. This league combines a practical and interactive robotics action supported in a friendly atmosphere, creating competitions between homemade teams, with elements having from 9 to 16 years of age.
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Open Source… 


LEGO Mindstorms are versatile. Using some imagination and creativity, everyone can actually build new components for one’s project. This Open Source characteristic is a bit more obvious regarding sensors. Since Mindstorms first appeared, people developed many new sensors, each one responding differently. Rotation sensors, temperature sensors, pH sensors, etc… You name it. But that’s not all. Even the software part can be changed according to the user. Programmable components accept multiple programming languages, supplying a wide net for the user to explore.

Building a LEGO® robot 

To design a whole robot we must recognize that there are two distinct parts, the hardware (creation of the robot’s structure) and the software (programming the robot).

Hardware


The first line of LEGO that allowed more advanced models with more complex movable parts was the Technic. Technic sets are often characterized by the presence of special pieces, such as gears, axles, differentials, pins, and beams. Some sets also come with pneumatic pieces or electric motors. In order to understand the meaning of mobility in LEGO pieces, some of them will be mentioned with more details:

· Pneumatics - are a type of mechanical device which provide motive power through the use of compressed air. They are intimately related to hydraulics. The system is quite simple to learn and operate. Set the switch valve to the desired direction, press the pump cylinder a few times and the cylinder at the other end will operate a function.
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· Gears: are classified by the number of teeth they have; the description of which is then shortened to form their name. For instance, a gear with 24 teeth becomes “a 24t gear.”
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In the picture there are two connected gears, 8t and 24t, each one assembled in an axle. The two axles fit inside holes in a beam at a distance of two (one empty hole in between). When one of the axles rotates, it’s easy to conclude that the other one turns too. Gears transfer motion from one axle to another. It’s important to discern that it is not required to apply much strength to make them turn since their teeth match well at a standard distance. This is one of the great characteristics of the LEGO Technic system. It should be stressed that the two axles turn in opposite directions: one clockwise and the other counter clockwise. In addition to different directions they also have different speeds so when the 8t is turned, the 24t turns slowlier, while turning the 24t makes the 8t turn faster, because only 8  teeth of the 24 are necessary to make a complete turn (360º). So for every turn of the 24t, the 8t makes three turns. This is the way to get more speed although it implies the sacrifice of the torque (strength). One good property of gears is that this conversion is symmetrical: torque may be converted into velocity and vice versa. Conventionally, “gear up” expression is used when the system increases velocity and reduces torque and “gear down” in situations where velocity is reduced and torque increased.
· [image: image14.jpg]


Differential - The differential gear is used to help cars turn corners. The differential gear (placed midway between both wheels) allows one wheel to turn at a greater speed than the other.

Besides this use, a differential can also be used as a way of executing two tasks using only one motor. However, these two tasks have to pay a price. The price is that they just work if one direction is enough for each task to work.
As you can see in the 2 pictures below, jamming one of the directions on each axle, task one works on one engine’s direction (rotation to the left, as the pictures shows), and task two works on the opposite one. Note that both axles move freely inside the differential. They are just conditioned by the gear placed in the middle of the differential.
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· Electric motors - LEGO has a great diversity of these components, for example:

Electric Technic Motor 9V
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Electric Technic Micromotor
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Electric Technic Mini-Motor 9v
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Motors don’t work by themselves though. The power supply is transmitted through appropriate LEGO wires, from the RCX brick to each individual motor. The contact between the wires and motors is made by a metallic cover in LEGO plastic bricks, as shown in the picture below.
The movable parts are essential for the robot’s performance. However, it’s not enough. Automatism is what defines the robot. To accomplish that, LEGO launched Mindstorms. In this new theme, sensors were incorporated. These pieces allow the robot to capture the outside information, which is used in programming. With such properties the robot becomes autonomous.

To have a perception of what’s happening on the outside, reacting to stimulations, the robot needs electric components which we call sensors. There are different types of sensors such as:

	Touch Sensor
	Light sensor
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	The Touch Sensor gives a sense of touch to the robot. The Touch Sensor detects when it is being pressed by something and when it is released again.

	The Light Sensor enables to distinguish between light and dark. It can read the light intensity in a room

	Rotation Sensor
	Temperature Sensor
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	A rotation sensor tracks how far an axle has rotated through the hole in the middle of the brick. Each full rotation registers as 16 counts; thus, the sensor has a resolution of 22.5 degrees.
	A temperature sensor measures the surrounding temperature via the probe on its front. Can be configured as either Celsius or Fahrenheit.





Recently, LEGO Mindstorms created new sensors and improved the old ones for the recent NXT set. The new sensors are:
	Sound Sensor
	Ultrasonic Sensor
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	The Sound Sensor allowed the robot to “hear” with the detection of decibels. A decibel is a measurement of sound pressure.

	The Ultrasonic Sensor enables the robot to see and detect objects, consequently it can avoid obstacles, sense and measure distance, and detect movement.




Besides LEGO’s sensors, people have been making their own sensors according to their needs, like the Air Pressure Sensor (measure pressure of the air cylinder) and the Musical Pitch sensor (musical notes control the robot).

Software


After the building process of the robot’s structure comes the programming stage which will concede an artificial and virtual “brain” to the machine. The first thing that has to be done is the program. For that effect, users can use LEGO’s software, robolab, which has predefined blocks, with multiple functions. It’s easy to use, since it’s a graphic way of programming, through block diagrams. It is also possible for users to use freely-available toolkits, such as NQC (not quite C) to configure RCX (Robotic Control Explorer) in variants of C or Java, both well known PC languages. And what is RCX? It is a special brick that controls all robots’ movement. This tool can operate three motors and three sensors, and also has an infrared communications interface, allowing a virtual connection to one’s personal computer. 


After developing the machine’s algorithm with the mentioned software, the program is passed into RCX using an infrared tower. Both components are shown below.
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Recently, LEGO has created a new and improved programmable brick, based on the RCX, the NXT.
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LEGO® Limitations 


As we have seen before, LEGO has a lot of advantages that justify the success of this company in the robotics market. As everything though, it has its own limitations. In need to develop a complex project, we might find some complications, as the stability and strength necessary to perform some tasks aren’t supported by the motors, since heavy weighted parts of the robot may be too much for engines’ torque. Even in smaller constructions difficulties can occur. When precision is vital to achieve your goal, the failures arise when sensors aren’t totally accurate. Whether a person is doing a bigger or a smaller project, sometimes the type of material shows some restrictions, due to its toughness (plastic pieces) or, for instance, when you wish to do a submerged project (the electric pieces are not totally isolated).


Regarding software, there’s a horrible bug. Discarding the batteries from RCX erases the program from this special brick’s memory, which forces the user to restore the robot’s virtual planning.

Despite the problems we have mentioned, LEGO’s benefits prevail, since these limitations are noticed only in advanced and complex projects, and can be solved using some creativity.
My Own Creations – Examples

As it was mentioned before, MOC stands for “My Own Creation”. This means any LEGO® construction built without instructions. A wide variety of incredible LEGO creations is shared on the internet, for instance in www.brickshelf.com (taping “Mindstorms” in the search) and in www.mocpages.com. We chose two MOC: a fully articulated robotic arm called Strong Arm and a Vending Machine. The former is more about technical work, not the whole robotic project. Some programming is required, for instance, to catch an object autonomously. The latter has everything to be considered a robotic project.

Strong Arm

Strong Arm is a fully articulated arm. Remote control allows you to move 5 different axles and catch some objects through a pneumatic system.
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Specifications and dimensions:


Element: 971 (arm) + 185 (control) = 1156 pieces

Estimated cost: 400€ (about 250€ in essential electric parts)

Axis: 5

RCX: 1

Motor: 6

Gear: 64

Sensor: 3 Touch sensors

Weight: +/- 1.6 kg (with RCX and some extra batteries to keep the balance)
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Maximum length of arm: 43 cm

- With its back (horizontal): 52 cm

Vertical travel: 0 – 51 cm

Horizontal travel: 9 – 43 cm

Shoulder angle: 90 degrees

Elbow angle: 180 degrees

Wrist angle: 180 degrees

Wrist turning (ignore cabling): 360 degrees

Turntable angle (ignore cabling): 360 degrees

How it works
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Strong Arm has different and independent parts. It has 3 articulations (of the vertical travel) whose movements are similar to each other: they have the same torque and the same velocity (if we ignore the weight influence). The mechanism makes the final axle turn once while the axle of the motor makes 240 turns! This means that we have a very slow movement but a very high torque, strong enough to support it and lift some weight in the grabber.

The fact of building similar mechanisms in the vertical plan allows you to turn two axles in opposite directions, making a balance with the object taken.

The shoulder seems not to have the same mechanism, but it does. The point is that the mechanism is duplicated: 2 motors – built in opposite positions, symmetrically.

Besides these 3 mechanisms, there is a control of the rotation of the shoulder and a control of the wrist, to split liquid, for instance.

Manual control:
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To make the control of the arm easier, it uses a joystick. The joystick uses 2 pieces which control the direction of the motors (http://www.peeron.com/inv/parts/6551). It controls the wrist and the shoulder. When the joystick is in the standard position, the “switches” have no electric connection, thus, the motors are stopped. This way we can connect those two pieces to a 9V AC/DC adaptor directly, avoiding LEGO micro-computers.

The other 3 axles are controlled by a RCX Remote Control.

You can use a second RCX to do this work and also to control the lamp placed on the hand. Instead of using those two “switch” pieces, you can use either rotation or touch sensors.

Just use your imagination and create millions of different robots!

Program:
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It uses 3 touch sensors in the main axis (responsible for the vertical travel) to ensure that the person who is controlling the movements does not turn each part too much! When each part reaches its limit, the RCX emits a sound! In this case, the graphic LEGO interface was used to program it.

This is a simple example of how to use sensors to program a robot so that it reacts to whatever you imagine.
Vending Machine

Vending Machine is like those real machines we see every day but built out of LEGO pieces. It dispenses 13 different products, cans, chocolate, popcorn, french fries, and so on. It accepts coins from 5 cents to 2€ and returns the correct change.
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It took about 4 or 5 months to build this MOC. However, it was in mind for a long, long time. The body (where the products are stored) was virtually built in MLCAD (consult the curiosities) to be able to work out the quantity and the different types of pieces that would be required. After building the “brain”, where all coin control is processed, all the pieces that were needed to build the body were bought. Then, using 2 Ferrari sets, ref.8653 and ref.8386, the block in the back, responsible for reaching and dispensing each product was built. This way, almost everything is old style, but the back is new style (studless – see the difference in the glossary).

Functions:

1 – Firstly, the user inserts the coins, from 5 cents to 2€, six different coins are catered for, while the machine recognizes each one, the slot is disabled to avoid blockages.


2 – The user presses the number of the product required on the keypad (1-5). There are 13 different products (57 in total) and they’re numbered in three shelves, like this: 11, 12, 13… 21, 22, 23… 31, 32, 33….

3 – If insufficient money has been inserted, the LCD displays the amount needed for that product. If there is enough money, the product is released and the change given if needed.

4 – There is a Return button to return the user’s money.

5 – As the change is given, a light turns on inside the flap.

6 – All coins are saved in the appropriate box/drawer. These drawers can be opened by using a code chosen by the creator, which can only be modified through the program.

7 – If the RCX’s are always turned on, the machine’s memory will know how many items of each product and each of the coins are stored so it never tries to release products or coins that are not present.

8 – There is also a fibre optic light for aesthetic purposes in the base of the machine where the products fall.

Specifications:

Pieces: between 6000 and 7000.
Estimated cost: 1100€ (about 500€ in essential electric parts)
RCX’s: 2

Motors: 8

Lamps: 2 (on the inside of change flap)

Sensors:

· 1 Rotation Sensor;

· 3 Light Sensors;

· 8 Touch Sensors (6 of them used in the keypad);

Programming language: NQC (Not Quite C).

Special equipment:

· Extra wires (take a look at these instructions: http://www.brickshelf.com/cgi-bin/gallery.cgi?f=187610);

· Strong wire to make snacks spirals;

· Book spirals to save coins for change;

· Self adhesive aluminium tape to cover the ramp where coins have to make contact;

· Breadboard and resistances linked to the RCX inputs to identify coins and keys of keypad;

· 2 acrylic parts, one at the front and one at the back like a drawer showing the mechanism in the “brain” block;

· Some lamps to light up the products.
How it works

1 – Coin Detector
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This is the first step. The point is to get different values in an input of the RCX by inserting each coin. Thus, the base where the coins roll is covered with a self adhesive aluminium tape to make electric contact. Because of the different diameters of the coins, they stop in different positions, which allow doing different connections with resistances (linked to a breadboard). When recognized, the value is added to the one in the LCD display.
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2 – Collecting Coins

Once the value of the coin is established, the coin is collected to make part of the change. A short car, using one motor, travels along the spirals arranged in parallel that contain the coins. When the car reaches a spiral, there is another motor that makes the spiral spin; the same thing happens upon reaching each spiral. This way, it just needs two motors to give the change. Moreover, when the car moves out of its standard position, a pendulum falls due to gravity and the slot locks, until the car returns (when the user is able to insert another coin). Spinning the spirals will dispense coins or move them back to accept new ones from the user. So, firstly, the car goes to the correct spiral, spins it to create a space in the front, where the coin will fit. Then, a third motor moves the platform where the coin was recognized and puts it in the front of the correct spiral. Each spiral has a limit of about 10-15 coins.

3 – What happens if coins exceed that limit? / Coin Drawers

[image: image37.png]


Well, there is a problem if they run out! If they exceed the limit of the spiral, there is a hole in the bottom where the coins fall into a box, like a drawer (as you can see in the back). These drawers are locked and they can only be unlocked by using a code chosen by the creator which can only be modified through the program. When the code is entered, the motor responsible for putting the coins in the spirals, with the help of a LEGO differential spinning it in the opposite direction, unlocks the drawers. The mechanism is explained in page 8.
4 – Keypad
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The same breadboard used to detect coins before is now used to create the keypad. Resistances attached to several touch sensors are linked to each of the 6 keys. 5 of these keys, as already stated, are numbers to choose the products. The other one is a Return key. When pressed, the program goes to the change process, once it dispenses the amount shown on the display (when giving the real change, the value of the product chosen is subtracted before). This part will be explained better below. 

5 – Dispensing the Products
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First of all, RCX compares the amount inserted with the cost of the product and decides whether to dispense the product or refuse, showing the cost of the product in the display for a few seconds, so that the user can insert more coins.
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To reach the products, the same idea as for reaching the change spirals was used. Another dimension was added. With 2 dimensions, a car moves in a vertical plane, being able to reach all the products. An extra motor in the car dispenses each product. The best way to engage each product mechanism was using pulleys. Pins in the pulley of the car engage in the holes of the pulley in the product mechanism. This works fine! How to know when the product falls? On the base of the machine a suspension with a touch sensor was built. When the sensor is pressed the motor stops dispensing the product. An optic fibre is also connected to the output of this motor. This makes a funny effect in the base while dispensing products.

6 – Giving the Change
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As stated before, the spirals that receive the coins are also the ones that release them as change. Coins of the highest value are given until the remaining change is lower than that coin, then the process is repeated with the next value of coin and so on, until the change equals 0. That is the easiest and best way to give the change.

Curiosity: a lamp inside the change flap turns on when change is given. This lamp is connected to the same output of the motor that dispenses the coins. (What happens when this motor is on, but in the opposite direction, collecting coins from the back? A diode prevents the lamp from turning on in that situation).

Research Areas Related to LEGO Robotics

ISR – Institute for Systems and Robotics
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As a part of IST, ISR is one of the greatest examples of the use of LEGO® MINDSTORMS.

ISR-Lisbon is a University based R&D institution where multidisciplinary advanced research activities are developed in the areas of Robotics and Information Processing.

Some members of our group have visited some floors of the North Tower where ISR takes place. There we saw some creations based on LEGO pieces. On the internet we found some projects like this one:

RODITAS III

[image: image43.png]


[image: image44.png]



This is an educational project aiming at promoting the experimental teaching of science and technology at high schools. The students learn electronics and mechanics while building a small LEGO robot.

Its main goal is to guide high school students through the construction steps of a small mobile robot that will act as a test platform for electronic and electromechanical devices.
This project was coordinated by the professor Pedro U. Lima.

RODITAS has been shown at several expositions now: besides 1 week at the Pavilhão do Conhecimento (one of Lisbon's Science Museums), it was demonstrated at three Ciência Viva Forum, as well as in the Feira de Orientação Escolar e Profissional (FIL, 11-17/June 2000) and Contributos do PRODEP II(1994-1999) no Desenvolvimento do Sistema Educativo, held at Forum Picoas, 17-19/June.

Information based on ISR site

We found out that not just IST, but other Universities as well, use LEGO kits provided by LEGO Educational Division. You can find more information about this division in: www.portugal-didactico.com. 

MIT – Massachusetts Institute of Technology

The history of this relationship between MIT and LEGO is, in many ways, a road that leads to the MINDSTORMS product line. LEGO gives MIT money so that they can investigate how children learn, how robots think, and other heavy topics. In return, LEGO gets to take ideas developed by MIT and make products out of them.

Researchers at MIT have developed several generations of programmable bricks, including the Red Brick, and more recently, the more compact Cricket. However, the RCX programmable brick was entirely designed by LEGO.
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Researchers at MIT have used LEGO for mechanical prototyping for many years.

Curiosities

LEGO Events

If you think LEGO is just for young people, you’re totally wrong! There are thousands of LEGO fans all around the world. Recently, TLC (The LEGO® Company) announced that the fan community are estimated in 65.000 people world wide.

Most of these people are registered in LUG’s. LUG stand for LEGO Users Groups. This way, lots of them have the initials of its country in the name like BeLUG from Belgium; ItLUG from Italy; LUGPol from Poland; PLUG from Portugal, and so on.

The AFOL’s (Adult Fan Of LEGO) can discuss with each other about all LEGO things in one of the biggest forums ever: www.lugnet.com - International LEGO Users Group Network, global community of LEGO enthusiasts.
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Considering Portugal as a small country, it has a great activity concerning LEGO meetings and TLG proximity. Every year, PLUG members contribute with some exhibitions and make their private meetings everywhere in Portugal, 4 or 5 times. For the time being, PLUG has about 50 members.

Besides private meetings for each LUG, there are some big events for all people around the world. Examples of these events are: LW- LegoWorld, in Netherlands; 1000steine-Land, in Germany; BrickFest, in USA; BrickWorld, in Chicago.
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Brick Journal

BrickJournal is a fan created magazine about the hobby. The first issue was made available as a PDF last June 2005 and it is targeted to be published quarterly. The chief editor is Joe Meno and there are a number of other well known AFOL involved. 

The intent is to focus on all aspects of the community, with articles about:

· people, the faces and personalities of hobbyists;

· building, model writeups and “how to” articles;

· community, places events and activities involving fans; 

In addition to being targeted at fans, it is also an outreach tool to draw people in.
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Numbers
· The Lego Group produces over 306 million miniature tires each year - more than any other tire manufacturer in the world.

· Six eight-stud Lego bricks of the same color can be put together in 915,103,765.

· ways, and just three bricks of the same color offer 1,560 combinations. The figure of 102,981,500 is often given for six pieces, but it is incorrect. The number 102,981,504 (four more than that figure) is the number of six-piece towers (of a height of six).

· On average, everyone in the world has 62 Lego bricks each.

· Only one percent of the plastic waste in LEGO factories goes unrecycled.

	The number of contiguous configurations for one through
eight 2x4 bricks, counting reflections but not rotations

	Bricks
	Configurations

	1
	1
	5
	10,116,403

	2
	24
	6
	915,103,766

	3
	1,560
	7
	85,747,377,755

	4
	119,580
	8
	8,274,075,616,387


Retrieved from Wikipedia
MLCAD - Mike's LEGO Computer Aided Design
MLCAD is a powerful and simple virtual modeling program designed specifically for use with LEGO parts. Using the extensive LDraw LEGO parts library, it provides the ability to build almost any LEGO model virtually. No more running out of bricks half-way through the project. There's an infinite supply! 

MLCAD is available for Windows and Linux, and includes support for a large quantity of languages like English, German, Italian, Dutch, Japanese, Czech, French, and Spanish.

With this fabulous program, you can for instance insert new parts upgrading frequently your parts library, rotate and place pieces, modify viewing angles, changing parts color, adding LEGO flexible cables, and so on.




Glossary

ABS - Acrylonitrile Butadiene Styrene is a plastic co-polymer, the actual raw material used to make LEGO bricks.


CAD - Computer Aided Design.

AFOL – Adult Fan of LEGO.

LUG - LEGO® Users Group.


LUGNET - LEGO Users Group Network.


MOC - My Own Creation.


TLC - The LEGO Company.

TLG - The Lego Group.


WIP - Work In Progress. This term is used a MOC is not yet complete.

Brick – Brick is the basic LEGO piece. The height of a brick is equal to 3 LEGO plates.

Set - LEGO product.


Stud - A stud is the small round protrusions which appear at the top of most LEGO or other brand building bricks. In LEGO bricks, it has the LEGO logo printed on the top of each stud. Stud is also used as a measurement unit – 8mm – the length of a brick 1 x 1 (like in the picture above). 

Studless - Studlessness is the quality of an object in which studs do not appear. In the context of Technic models studless refers to the use of the newer Technic bricks which has no studs for aesthetic and practical reasons. Most official Technic models from 2000 on (including the NXT kit) are almost entirely studless.



Brick with studs



Studless Brick

Conclusion

After searching a lot, an enormous quantity of information was found and provided. However, not even a half of LEGO world was exposed due to universe of components, software solutions, project ideas, mechanical tips and an infinite creativity.

It is obvious the reason why LEGO is used on robotics by such a huge community all over the world, considering the wide list of components, and their versatility, that can be used in robotic projects.
People of all ages are able to start getting knowledge about robotics through the simple LEGO Mindstorms kits. They are not only much cheaper than the real robotic kits, but also very, very easily to work with as well. In few minutes, you learn how to program a robot through graphical programming interface provided by LEGO. Even if you have lots of knowledge concerning electronics and robotics, you can create incredible machines using only LEGO parts or adding some extra homebrew sensors and adapt them to the programmable bricks available.


The Danish bricks play a very important role regarding education. Thanks to LEGO robotic products, kids have their first contact with robots in their adolescence or earlier.

Concluding, we would rate LEGO with 10 out of 10 as the best balanced solution for introducing robotics on our lives and who knows, making up wonderful creations. After putting together all the advantages, we are not surprised that TLC has been recently considered the world’s most reputable company, by Reputation Institute, a New York City-based consultancy and research firm.
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Ungeared, it has a high rotation speed and low torque, so for most applications it requires an external gear reduction.








This small, light weight motor turns slowly and offers low torque although it has a respectable torque for its size.





This motor came to replace the Electric Technic Motor 9V and became the most used in applications due to its geared down system, which is quite efficient.








This new motor is specific to the NXT set. The main characteristic is the slow rotation speed, which minimizes the need of external gear train.




















PAGE  
-1-

