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Presenter�
Presentation Notes�
Good morning. My name is Andrej Mikulik and I’m from Faculty of Mathematics and physics of the Charles University in Prague.
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INTRODUCTION

e MART Robotic Team

e Design of robot Logion

MART Robotic Team, http://mart.matfyz.cz, andrej.mikulik@gmail.com
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I will present the design of autonomous robot built for Eurobot 2008 contest by the MART team. I will describe chosen strategy and the way of its implementation, localization on the playing field using Monte Carlo Localization and trajectory generation mechanim we use for moving the robot.�


AGENDA

Design overview

Software design and algorithms
Brain

Localization

Moving

Opponent avoidance

MART Robotic Team, http://mart.matfyz.cz, andrej.mikulik@gmail.com
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In the beginning of this presentation I will introduce you to design blocks of our robot. Then I will focus on some separate parts as Brain, localization, moving and our trajectory generator.�


DESIGN OVERVIEW

PC Motherboard

Hardware modules (MCU with sensors and
actuator drivers)

infrared + ultrasonic localization
Power source: Sealed Pb accumulators

Motors with integrated gearbox 50:1 +
encoders (6000 steps per wheel revolution)

max speed ~ 0.7 m/s

compass

MART Robotic Team, http://mart.matfyz.cz, andrej.mikulik@gmail.com
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As we wanted to use a lot of computing power (picture analysis, smart algorithms etc.) we decided to use standard PC platform as the main computing unit. To use as much computing power as the processor can offer, we powered the PC with Gentoo Linux. We used a lots of hardware modules like H-bridge motor boards with encoder abilities (there are five of them), compas, rangefinder, user control board etc. (etcetera).

For absolute localization we also use localization beacons. I will describe it closer in a while.�


LOGION

MART Robotic Team, http://mart.matfyz.cz, andrej.mikulik@gmail.com
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So this is our robot with its covers removed. All mechanical parts were constructed on purely amateur level, but we used this construction already on three contests. We try to build it universal so we should change only relevant mechanical parts.�


SOFTWARE DESIGN

Universal robot
Layered, object oriented design
Hardware abstraction

Software-hardware mapping

MART Robotic Team, http://mart.matfyz.cz, andrej.mikulik@gmail.com
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Our effort was not only universal mechanical construction but also highly reusable software. 

The design is split into five layers  (I’ll show you in a moment). We have implemented nice hardware abstraction in C++ objects which turned out to be a really good time investment. This approach was already discussed in other presentation.�
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The top-level controlling software (the top 3 layers) is written in C++ with the use of object oriented programming.

I will talk more about just three objects from this diagram. 

The Brain, which handles strategy and tries to achieve the given objectives. 

The Driver controls the motors and generates routs which we are moving on. 

The Localizer reads information from all the devices which can help robot positioning. It computes the exact position and let other object to read and use it.�


SMART LAYER: BRAIN:
=

e State automat

[Plug start cable]

® Thre a d b a S e d Ready to start D e e \fRun in square trajectora
[Test systems] /k
Workers [Operation Mars]

[Homologation]

Test all systems

e State aware
triggers

Go to dispensor Extract samples Do field harvest

[Got 1+ sampile]

Go to conainer

Unload samples
[Operation Mars]

[Got nothing]

Collect samples

[Homologation]
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The Brain is driven by quite standard state machine as you can see on picture. 

The states represent individual parts of the robot’s mission. 

For example, the state “Extract samples” consists of a sequence of actions which picks the ball from a vertical dispenser. 

This state requires the robot to be well positioned in front of the dispenser, which is performed by the state called “Go to dispenser” which selects the dispenser to go to and makes the movement and positioning of the robot.�


SMART LAYER: BRAIN:
=

e State automat

[Plug start cable]

® Thre a d b a S e d Ready to start D e e \fRun in square trajectora
[Test systems] /k
Workers [Operation Mars]

[Homologation]

Test all systems

e State aware
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We wanted to design the robot control to be robust.

The Robot has to react to situations which can appear without any dependence on the state.

Therefore, in addition to the state machine, we have created several triggers which are continuously checked by one of the Brains thread.

This improvement easily solves situations like collisions, time pressure or opponent’s approach.



Individual operating state actions are called in the slave thread. The main Brain thread may stop this slave at any time and if it is needed, it may replace it by a another state. �


LOCALIZATION

Monte-Carlo
Odometry
Compass

Beacons

* Reliability (encoded
signal)

* Accuracy (5 cm)

* Opponent detection i

MART Robotic Team, http://mart.matfyz.cz, andrej.mikulik@gmail.com
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Odometry is very useful and simple way how to localize robot but because of its cumulative error its useless as only information source.

As absolute position reference we used compass and beacons. 



We decided to use infrared light for synchronization between base beacons and localizing receivers. This system is based on time of flight of ultrasonic waves. In order to increase reliability of beacons we use encoded signals. 

We use one receiver for our position and another one for opponent’s.

The only difference was that the opponent’s one used Bluetooth instead of wired connection to report its position.



We successfully combined this three sensors in Monte-Carlo localization. I will show you how it works from robot side of view.

�
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The idea is that we receive the distance from each beacon to reconstruct our position in the intersection of these distances.

On the left picture you can see the beacons the distances as circles and the intersection in the middle.



The right picture is a  snapshot of the robot’s mind. It’s the playing field with starting positions, some key points. These are beacons, these are positions before container and dispenser.

White cloud represents MCL samples. 



In the video I’ll show you, you will see green arcs as beacon measurements. If you will see three green arcs in a short time (the ideal state), the intersection will be represented by a small red circle and it has the biggest weight. If there will be only two green arc, the orange one appears. If there isn’t any intersection because robot can hear only one beacon the grey belt will show the area with bigger weight.



On the video is the robot first entirely lost and after finding itself, it starts going in squares.�


MOVING

Ideas:
continuous smooth curves
adaptable for moving obstacles
Solution:

Hermite curves
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As the next of main features I show how we implemented trajectory generation mechanism.



We had a autopilot algorithm from last year which moves the robot to a absolute position. This year we had some more expectations. We wanted to build an algorithm, which can plan smooth and continuous routes trough more checkpoints. We decided to use Hermite curves.



Herimte curves are kubic curves, which pass trough their control points with angle defined by tangents.�


OPPONENT AVOIDANCE /-

* Opponent detection
* Decision making -y

* Route planning Fee

* Adding checkpoint

* Dynamic adjusting

* Removing checkpoint
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The main advantage of routes based on Hermite curves is that we can re-plan our route. It still remains smooth with respect to the current position and angle of the robot. I will show you in the demonstrating video.



Before I thank you for your time, I will show you another video.�


THANK YOU FOR YOUR TIME
QUESTIONS?

ANDREJ MIKULIK,
STANISLAV BASOVNIK, MARTIN DEKAR, PAVOL JUSKO, DAVID OBDRZALEK,
RADIM PECHAL, TOMAS PETRUSEK, ROMAN PITAK
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Thank you very much for your attention. Are there any questions?



If no other questions, thank you for listening.�
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