DB212 - Lego Beyond Toys
By Pepijn Fens (M2.1)
The module focused on combining the mechanical, electronical andintelligent aspects of productsinto

something new. Lego offers the perfect platform for this, allowing people tinker with various principles
while keeping everything “simple”.

Mechanical Explorations

To learn aboutthe basics of mechanics, some explorations where made using Lego Technic. We focused
on force closure and transferring energy from one type to another.

-

Example of “force-closure”

Feedback systems

Prof. Feijsintroduced feedback systems, after which we altered the servo motor’s feedback loop. This
could be donein several ways. We decided to explore energy transfers further, and created an energy
transferring machine. This exercise helped understand how feedback systems work, and whatis meant by

introducing “noise” into afeedback system.

A servo feedback loop machine.The
feedback pointforthe servo is at the
end of the machine, while the motoris
at the beginning.
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Modulegoal

The aim of this module islearning aboutintegrated mechanical and intelligent systems. We have done this
by buildinganintelligent geometricshape sensor. We'll achieve this by having arobot trace a shape using
a line following algorithm, while keeping track of his position. Next we wantto send the “trace” of the
shape to a neural network to classify the various shapes.
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Input layer | 160 neurons

Hidden layer | 320 neurcns

Output layer | 5 neurons
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Building therobot

Construction

The robot is based on a sturdy construction with the weight centered and alow center of gravity. A rear
mounted castorwheelisincluded tofacilitate atight turningcircle. Forthe line-following purposes, a
height-adjustable light sensoris mounted on the front. Tests to determinethe ideal position for following
aline andrecording position of the robot (odometry) pointed out that the sensorshould be slightlyin
frontof bothwheels.

Sensing & Actuating

The basic movement of the robotisfacilitated through the DifferentialPilot class available in the LeJOS NXJ
library. This class keeps track of the movements of the robot overtime. Using odometry we were able to
retrieve an estimation of position (waypoint) each 0.5 seconds. These waypoints are collectedinafile on
the NXT brick.

The line following has been done usingthe PID principles to ensure optimal shape following. PIDforaline-
following robot using Lego NXT has been described online (Sluka, 2009).

The following java code was uploaded to the NXT brick to facilitate the PID process.

//PID variables

double Kp = 40; //Error multiplier

double integral = @; //integral, helps stabilizing the system over time
double Ki = 0.05; //integral multiplier

double lastError = 0;

double Kd = ©0.01; //derivative multiplier, helps smoothing out movement

int 1 = light.getLightValue(); // value from @ to 100
double error = l-offset;

integral += error;

double derivative = error - lastError;

//PID
double turn = (error*Kp) + (Ki * integral) + (Kd * derivative);

pilot.steer(turn); //Send the value to the wheels

lastError = error;
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The robot follows the shape and creates “waypoints” in periodic intervals

Data Communication

Tests with real-time Bluetooth communication were unfruitful because of the unreliable connection. The
alternative was alocally generated and stored coordinatefile, which is downloaded to the laptop through
Bluetooth. Thislogfile could then be usedintwo different ways. It could serve as training data, by adding
the correct output after each node (supervisedlearning). Also, it could be used as validation data, by using
the data from the file asinputto the trained neural network.

Data preprocessing

Before the datacan be put intothe trained network, some preprocessingisrequired. This preprocessing
consists of multiple steps.

Waypointsthat are generated each 0.5 seconds introduce a problem. The amount of waypoints grows
with the size of the object. Therefore the dataneeds to be downsampled. Downsampling means reducing
the amount of pointsina setwhile remaining representativeforthatset. We have used the simple
Nearest Neighboralgorithm to reduce the pointsto 80 (Spoike, 2009).

Nexttothis, the data needsto be normalized. Normalization ensures that variationsin size of followed
shapesdo not skew training and/ortesting results. Specifically, we have mapped all shapestofitintoa
coordinate space of 0-1, rather than the arbitrary coordinate space used by the odometry classinthe
robot.

Network Training

Integrating the network with our datasethas been doneinJava. We’ve used the Neuroph (Neuroph, 2013)
Java libraries to create the network and interpret the trainingfiles. The network has 5 output nodes, which
meansithas beentrainedto distinguish between 5different shapes. These shapes were squares, circles,
crosses, triangles, and complex"amoeba" shapes. The robotis trained by following clear cut examples of
the shapes multiple times. Foreach of the 5 classes, we had more than 3 training sets available.



We have tried several different training configurations and found that the following configuration served
our purposes best:

Input nodes 160

Hidden Layer 320

Output nodes 5

Training method Resilient back propagation
Transfer function Sigmoid

Learning Rate 0.5

Max Error 0.01

Network Testing

Testingthe networkis done by using waypoint datafrom the robot whichisn’tincludedin the testsetand
sendingthisthroughthe neural network. The Javaappletis written specifically toaccommodate the
testing of input files against the trained network. After training the network was able to classify newly
recorded test data with accuracy up to 0.99.

Communicating Results

The results of calculatinginput datasets can be seenina simple java program. This program plots the
varioustestsets, and allows forselectinganinputfile to be calculated by the network. Next, it will select
the highest output node and tell the user which shape corresponds with this node.
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Interface with training paths displayed Interface with new data loaded, and the result of
the calculation (a square).



Reflection Pepijn

Basic Mechanic systems

The simple and clear explanation of mechanicsystems helped me to understand the basics of mechanic
systems. No otherassignment or module introduced me to these systems, so this explanation occurred
righton time. | knew about specificmechanicsto use whento achieve movement, but | neverwondered
why. The theory provides aguideline in defining the correct constrains when designing a mechanical
system. Working with Lego, these constraints were easy to construct. Lego formed a good connection to
the theory.

Feedback Systems

The principles of feedback systems are at the heart of intelligent systems. Duringthe module we received
an in-depth explanation of feedback theory, showing me the power of feedback theory. We have
integrated feedback systemsinthe final deliverable, for example, the Morphos robot utilizesaPID
controllerto follow the line. Without the introduction to these principles the robot wouldn’t have these
advanced line-following capabilities.

Togetherwith the Basics of Mechanics, the feedback systems provide a powerful way to create interactive
“moving” prototypes.

Communicating using block diagrams

Feedback systems work on the border between the physical and the digital world. On both the physical
and digital side there are mechanisms (mechanical and software) to make the overall system work
correctly. Block diagrams are a very useful way of visualizing this process. Using these simple cross
sections of a system, people can quickly understand how acomplex system works. Also, itis possibleto
make these diagrams layered, so that even more complex “blocks” can be hiddenin a next layer.

Intelligent Systems

Building on the theory of mechanics and feedback systems, intelligent systems wereintroduced. | have
worked with “neural networks” before, but remain difficult to wrap my head around. Because of the
potential we decided to work with these “neural networks”. This proved to be difficult since the tools
available weren’t specifically tailored for our purposes. We ended up writing specific software for training
and calculating our custom neural network. This took by far the most time, butinthe end delivered
accurate results. Writinga programto read, write, send and receive datawas just one of the challenges
we encountered when working with neural networks.

Lego as a prototyping tool

Lego was the obvious prototyping platform, hence the name of the module. The famous plasticblocks and
rods were no secretto me; | was already familiar with the capabilities of Lego. But | never worked with the
NXT bricks before. | did work with Java before, whichis used to program the bricks. The Lejos OS made it
easy to write complex behaviors, but contrasts with the “fool-proof” and easy-to-use plastic parts Lego
parts.
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