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Abstract

This paper deals with design of an autonomous ravdhe robotic competition
Robotour. It describes short history of this corntmet and its rules with
changes for this year. The second section deschebvare of the robot, its
sensors and proposes changes and modificationabkauibr necessary for
participation in the competition. In the section jédtives and strategy the
strategy for participation in the competition basea robot’'s sensors and
appropriate algorithms is presented.
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1 Introduction

Competitions like the famous DARPA Grand
Challenge and Urban Challenge or European Eurobot
[1] are a favorite way to test autonomous robotd an
new algorithms. It is also great chance to meeéroth
people involved in robotics and share their expege
That is why there are new competitions appearing.
Some of them are focused purely on software and no
real robots are required. Others need robots
constructed according to the goal of the competitio
and equipped with necessary sensors and actuators.
typical example of such competitions is Eurobot,

where the goal is different every year, therefdrés 2009
necessary to construct slightly different robot rgve
year. 2.2 Robots
N The particular construction of the robot is up tery
2 Robotour Competition team. The only restriction is that the robot hakdwe

- . ..a maximum speed of 2.5m/s and red emergency
One of these competitions is the Robotour competiti button to stop the robot immediately. The racetfer

[2] which started in 2006 as an mini analogy to th? . : .

obot is over after pushing this button. The robots
DARPA. . Gr?‘”d. .Chc'.:lllenge. The goal of themust not be too big so that they are able to ndalli
competition is similar; the robots should traveé th the paths in the parks. On the other side the sobot

path from the start to the finish and should netvée
the path. To make the competition open fopave to be able to carry 5L beer keg, at leastapty

everybody, the race itself is held in a park (Rijgand one.
the robots are represented by small vehicles idstéa 2.3 Map
real cars or big vehu_:les which are capable t(f‘he map will not be provided in RNDF [3] format as
overcome tenths of kilometers.. This makes the . e o
. I the previous years and hence it will not be Emi
contest accessible not only for the people from tk&e
. . 0 the map of DARPA Urban Challenge. Instead , the
university, but also for other people, who have :
) : ; idea of the Open Street Map will be used and thp ma
robotics as a hobby. This also contributes to thiew . . ; !
. . ; will be given in JOSM format [4]. The teams andithe
range of various robots from professional solutitms : . :
. X robots have to use this map supplied by organiakrs
the homemade robots with simple sensors and evgn " .
. . e competition. This arrangement should stop teams
simpler algorithms. . . X '
from spending days in creating their own maps and
The rules in the first year were quite simple. Reboforce them to use one standardized map -
had to carry a payload along the closed loop on thanderstandable even to humans- for all the robots.
paths in the park and they gained points for everjhis solution also ensures that robots can go ¢o th
finished round. The only restrictions on the robotareas where they have never been before and uge onl
were the use of the electric power and the sizthef a map created for humans.
robot ( the robot should be small enough to MOVE 4 Sy ctacles
around the narrow paths in the park and ,at theesam’
time, it should be able to carry the payload- alsmaThe robots have to be able detect and avoid olestacl
keg filled with water). The payload was notlt can be benches and other things in the park like
obligatory, but the robots with the payload werdlowerpots or bins. Obstacles can also be artifidia
awarded by the double of points. The important rulboxes placed in front of the robot for testing bé t
was that if the robot went off the road it couldvéa ability of avoidance. Other robots and moving peopl
been stopped and put back on the road with sonre the park are also considered as obstacles.elf th

penalty. robot hits an obstacle, its race will end for him.
2.1 The Goal 2.5 Points

The rules changed slightly every year and every yed@he points will be calculated as a difference betwe
they were stricter; in the last year the robotschvhi airline distance form start to the end and the goidt
went off the road could not return and their racef the robot and the end. If the robots carry thié f
ended. The changes for the upcoming year are evieeg they will get double points. If the robot his
bigger. The robots will not ride any circles in therk, obstacle or if it goes off the road the race wil dver
their task will be to get to the goal placed someseh for it and this place will be considered as itsafin
in the radius of 1km within 30 minutes. They withd  point. The competition will have four rounds, each
from the same place at the same time. Each rolbt wivith different start and finish.

be placed in the 1,5x1,5m area at one side ofahe.r



3 Robot Hardware then errors may occur because some of the sonars ca
) ] ) detect the sound from another sonar. The sonars are
Our robot (see Fig. 2) consists of a small chasas®d the only robot’s sensors for distance measuremant a
on the Lynxmotion 4WD1 robot. The chassis itself i$o; gbstacle avoidance, so their correct functien i
made from lexan and it has five decks. There ane focrycjal and maybe some of the sonars will be dalible
motors with encoders in the space above the bottom
deck. On the deck above there are batteries and th@nsors for determining of the distance moved are
board for motor controlling. Next deck holds sanar encoders and accelerometer. The function of the
a compass, an accelerometer and necessary wiriggicoders is quite simple; they send pulses based on
The deck above contains the controlling board dalldhe rotation of the wheels, where one rotation

FITkit [5]. FITkit has replaced the original boardcorresponds to 120 pulses. We can determine the
supplied with the Lynxmotion robot. rotation and the distance traveled by the roboinfro

) o o this information. The information about motion and
The computing power of the FITkit is not sufficigot heading of the robot can also be given by the 8-axi
control the robot and so the robot is controlledaby  accelerometer ACC7260. The last sensor of the robot
external PC. The rules of the competition requre t is 3 CMPS03 compass. The disadvantage of the
robot to be autonomous and so it will be necesBary measurements from the encoders and from the
equip the robot with a laptop. Because of the smallccelerometer is that the accumulated error grows
dimensions of the robot (approx. 20x23cm) the onlyiiy the distance moved. We need to eliminate this
suitable laptops are 10" or smaller. The small if€ grror, so we have to compound both measurements
the robot is its biggest disadvantage and thereforeiggether and correct it by the other sensors whose
will be the most challenging problem. The keg W#  ¢ror does not depend on the distance moved frem th
attached at the back of the robot on the aluminu@iart. This means we have to correct the positfdhe
holder. The keg has to be empty which means poinfgpot by measurements from the compass and try to

loss, but the robot is too small to carry extradlodth  qrrect it also by the measurements form the sonars
weight of more than 5kg. N
Because we won't know the exact position of thet sta

point, it would be better to supply the robot wih
GPS module. There are two ways to connect it to the
robot. The first is to connect the GPS directlythe
robot and send the measured positions via FITkit to
the laptop. It would be harder to implement bus ia
somewhat “cleaner” solution. Second, we can connect
GPS module to the laptop. This solution is easier t
implement, but it is not as good as the previous on

"7 o al
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Fig. 2. The complete robot as a result of the erastork of
one of our students [6]

Fig. 3. Educational board FITkit with MCU and FP@Aits. All the
The sensors on the robot today are sonars robot sensors are connected to the bus in the diglvhside.
accelerometer, compass and four encoders. Sorérs an
the compass are connected via the 12C bus to the

FITkit. Encoders and accelerometer are connected Qe neart of the robot is the FITkit as we mentibne
the FITklt_ directly. The sonars are SRF08 and theyefore. The FITkit (Fig. 3) is a board developed by
create a ring arounfl the robot. The angle of theso o ynjversity for students as an educational ptaif
beam is around 55°, therefore the ring will be @@a \ynich helps them to familiarize with hardware
by 5 or 6 sonars. The ranging distance is deno®d f ,r5gramming and to handle with various peripherals.
6cm to 6m, but in reality it could be about 3 or 4; is"widely used in courses and students can e |
meters. The measurement of the one sonar takes 63y pachelor or master theses. It contains lowgyo
so we get the |nf0r.mat|on about distances aroued thyicrocontroller and a set of peripherals like kestah
robot every 65ms times number of sonars. In case Wep display, audio and video interface and expansio
need information about distances more often, we c&@nnectors. It also contains FPGA. The robot, aken
start the measuring from all the sonars at one, e 556 of FITkit, helps the students to learn about



hardware and embedded systems and to be able to tagt it means that robot has to cover some distance
them on a real system. Besides, the robots are kefore it will be localized enough. It means more
excellent tool for education on the technicabbstacle avoidance, and more controlling to keep th
universities. Because of their complexity, they b&n robot on the road. It increases the probabilityaof
used for learning things like wireless communiaatio failure and it costs some time, because there is no
regulation and controlling, modeling, computeretsi guarantee that the robot during its localizationl wi
artificial intelligence, hardware and many others. take the right path directly to the goal.

4 Objectives and Strategy
MonteCarloLocalization(x,_;,u,,z,m) :
The objectives the robot has to accomplish results

from its sensors and from the rules of the comipetit X=X =0

can be divided into five parts: for m= 1to M do
e Start X" = sample_ motion(u,, X
nl I
«  Finding of the starting position 4 ,measlljge"‘e?(z‘" M
X=X+ (0 of™)
e Path planning
endfor

* Obstacle avoidance for m= 1toM do

* Ride on the path draw i with probability ~ "
add x{” to

The start will be collective. Each robot will stémom  endfor

its own square with dimensions 1,5m x 1,5m. Toeturny

prevent collisions among many robots and people

during the start, the robots must not be touchesel on ) o
minute before the start. This means that some del4{perithm 1: The pseudoalgorithm for the Monte @arbcalization
that postpones the start about at last one miragetich with functions for ‘“ﬁ;igﬁﬂf;?e?,ﬂfhe motion and fhe

be implemented.

The path planning is the simplest task of all. B WAs we can see, it is much more suitable to use the
know the start position and the position of thelgoaGPs. But not even using of the GPS can help thetrob
we can use one of the well-known algorithms e. @o find its starting position. The common problesn i
Uniform Cost Search for the state space searching. that GPS is often not able to localize itself beeaaf

the buildings or the trees. As a result, relyingyam

pthe GPS could have fatal consequences. That is why
sensor, so we can determine position of the rahet. Probably the best solution would be to use both GPS
can assume that the position will not be precisg"’d MCL and merge information from both systems

because of the errors in the GPS. If the erroptggp  [°9€ther to get the best knowledge about robot
big, approximately 10m or a bit more, it should het position. Moreover, the particle filter used in MCL
a problem. We know that the robot will start fronet Can also be used to control the movements of the
road, so we can specify the position of the robahe 0Pt

road lying inside the circle given by the GPSAs for the obstacles, there can be two kinds; cstati
Moreover, as we can place robot anywhere inside ifke benches or tree trunks and dynamic, like peop!
starting box and set him in a direction we want, wether robots. It is necessary for the robot to tie &

can point him in a direction of the road. Thisdrive around them. But the first task is to detéeim
procedure will determine the position of the rodth  correctly. The robot is equipped with sonar wittiteu
sufficient precision. a large beam, which means it has to get to thet righ
The problem will arise if we do not have a Gp§iistancq before the obstaclg. ITet us assume teat th
sensor. Then, we will have to determine the pasitiof®Pot Will detect obstacle with its front sonar tre
of the robot by some software. Probably the onl§!ace. where should be free road. Because of te wi
possible way is to use some of the localizatiofOna beam, it is necessary to get close enough to
algorithms. The most suitable is the particle filt®o make sure that it is really an obstacle and natreow
called Monte Carlo Localization (MCL) [7]. The erro DUt rideable, passage. If the front sonar retunoster

of the position determined by this algorithm woblel distance than front left and front right sonars thill
probably a few meters which should be sufficient ghean that the obstacle is right beforg the robdtian
control the robot on its way towards the goal. Thiill Ty to drive around to the left, which corresps

disadvantage of the localization algorithms is thaty to the by-Iaw. In the case of the pbstacle detaciio
require movement of the robot. It is rather obvjoudS &/S0 possible to start with creating of the gancy

Finding the starting point will be much more diffit
It can be divided into two cases. First, we havesG



grid-map and searching the way around the obsiaclereceives the data directly from the GPS module.
this map. Another part will keep two structures for the maps.

First is a geometrical global map in the JOSM fdrma

and the second is a local grid-based map. The globa
ap will serve for the path finding from the sttt

The most challenging task will be the ride on thathp
As the robot is not equipped with any camera, itds
able to detect the road and has to rely only on i . d
sonars and the odometry. The odometry is not usabje goal. The output of this part will be the seq

for lonaer distances. The bigaest errors in odomets f the coordinates from the robot starting pointhe
. 9 O 99 M goal. The data from the sensors will be mappedhén t
arise when turning, so its only usefu on the shiaig

. o local map, which will be used for the obstacle
paths with minimum or no curves. The sonars can he

used on the paths with clearly marked edges, fike tavmdance and the local path planning. The obstacle

curbs, bushes, walls and so on. If the path chang%\/()ldance will use implementation of the Bug

into lawn gradually, the sonars will have no chate al%onthm [8] which will prefer avoiding to the lef

L . side, because the rules of the competition demlaad t
detect that it is not a path any more. There is ON€\ots should keep the by-law.

possible way how to detect this road edge. Because
the robot has accelerometer, that is possible tectie
the edge of the road as the increased vibrations or
increased tilt of the robot. That is we can asstima¢ Coordinates | ¢ | | oad map
the road will be smoother than its edge with gr&ss. orthe 002
the outcome is to detect the edges of the roachéy t i
sonars and where it is not possible because dathe Fimer
of clearly marked edges to rely on the pure odoynetr

and try to detect the edge with the accelerometer. ¢

Start No | Find position || Gps

5 Robot Software $ l

The software of the robot consists of two partsstFi Comorate Momte Corto Global path
part is the firmware in the FITkit. It provides the grid map || Locslization planning
communication between the robot and the controlling L ,L
computer and it also provides the functionalityadif Local path
robot sensors. This is done via the 12C bus which planning
connects all sonars and the compass. The other i ¢
peripherals are connected directly to the pinshef t Find position
FITkit. The FITkit receives data from the sensors, ves
sends them via the serial port to the computerthed $"° i
computer sends back the controlling signals for the
motors. The communication between FITkit and the
CompUt.er can be wireless with pluetOOth d.ev.icelsy.or Fig. 5. The block-scheme of the function of thieat The
the serial cable. The program in the FITKit is terit local path planning is on the Fig. 4.

in C/C++, except some parts in the VHDL.

Start

Local path
planning

Failure Goal

Obstacle Sensors 6 Conclusion
Yes$ Ne i This paper describes a concept of a robot for the
Bug-like Gridmap <] Monte Carlo Robotour 2010 competition which will held in one of
algorithm Localization the three parks in Bratislava, Slovakia. It desesithe
rules of the competition and the hardware and the

software of the robot which were created as theltes
of BSc. and MSc. projects. The paper also suggests

Drive

i the strategies for successful participation in the
competition.
Fig. 4. The scheme of the local path planninge-dbstacle
avoidance.
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Considering the dimensions of the robot, probabéy t

only suitable controlling computer is a small netko

The software in the computer depends on the robot

sensors and on the chosen strategy. There is #hpart
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