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Notes:

* Unlesswhereexplicitly indicated, all measurements provided in these rules have
aprecision of £5%.
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1. Robot

Dimensions
The robot has to fit entirely into a rectangulargtielepiped box 60cm wide, 100cm long
and 80cm high (these values have an accurat§%).

Autonomy

The robot is a completely autonomous vehicle. Adtidions are taken by the systems
included in it and all of its energy sources musbde embedded there. Competitors are
not allowed to include radio or infrared deviceseiablish any kind of communication
between the robot and other electronic devicegmexi¢o it.

Security

The robot must have adequate security mechanisowdigg to its power and mode of
locomotion so that it can stop itself in situatidhat may pose any sort of danger to people
or property. In particular, the robot must provadeonnector by means of which the power
to the motors can be disconnected through an eadtgroontrolled relay (dry contact).
This connector is mandatory. The power switching device (see diagram) is ledito
the team by the organization at the start of iteeréest and can be remotely actuated
through a radio-frequency (RF) link. In turn, tlR& device is exclusively handled by the
referee, who will determine the circumstances umdgch the robot must be immobilized.

Robot motors
Power System

**“ Robot Connector (Female)
Hard disk type (RS ref 471-424)

Power Switch Connector

0000 (Male)

Hard disk type (RS ref 471-430)

Switching YO [RE Actuating

Device Device

Figure 1 —Electrical schematic of the power swidiglvice.

The power switching device is placed inside a bat Ww00x80x50 (mm), which must be
attached to the robot through a 20x80 (mm) Veldrgp.sAn adequate space for this
purpose must be provided in the contestant robloé Velcro strip placed in the robot
should be of the female type.
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2. Competition Area
2.1 Track

Dimensions

The competition track is placed within an arealdf X 16.4) m, has the format of a traffic
road and is surrounded by two parallel side lifesepresentative view of this route is
shown in Figure 2. The radii of curvature of theanand outer curved paths are 1.55m
and 3.1m respectively. The straight leg is 10m Idrige distance between lines, measured
between their inside limit, is 150cm. The linesmiselves are 5cm wide. At the centre of
the runway there is a dashed line that dividestthek into two equal side bands. The
white sections of this dashed line are 5cm wide2Bgm long and are evenly spaced by
15cm.

All data regarding the key measures of the traekya crossing and parking areas is shown
in Figure 3.

Figure 2 — Track overview

Colours

The track floor is black and infrared absorbinge ®ide lines are white and are infrared
reflective. The area outside the track, but adjaterine external lines, forms a band at
least 20cm wide, and uses the same colour of dlo& ffoor.

Zebra Crossing

A walking zebra crossing in placed roughly at temtee of the straight leg, and at the
junction of the two circular sections, as represdnh Figure 4. The “zebra” area consists
of seven white stripes with a size of 10x30cm, sypalced 10cm from each other. This area
is placed 10cm away from the track outside delmgiines. The zebra crossing is limited
on both sides by two white lines with 10x130cm (ocesh on the runway). All traces of this
zebra crossing are infrared reflective.
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Figure 3 — Track Dimensions
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2.2

Starting and arrival zones

An area immediately prior to the zebra crossing, intercepting its first cross line, is
assumed to be the departure / arrival zone, whesidering the direction of movement of
the robot. This is set in accordance with the rdlether explained in the "competition”
chapter.

.

Figure 4 —Zebra crossing, parking are and startrival zone

Parking area

A car parking area is located right after the zetm@ssing and on its right side when
considering the robots starting direction. It cetsbf two contiguous rectangles where the
letter "P" is inscribed. The distance between ik gide closest to the track and the track
external line (B distance in Figure 3) will be 2h et 50%. The maximum distance
between the zebra crossing and the start of thie (@adistance in Figure 3) may vary
between 50 cm and 200 cm. Other measurements danitin Figure 3.

Tunnel

Dimensions

The tunnel will be placed on the track in one sfaircular sectors and will cover an angle
of about 90 degrees. Its interior dimensions a@a@pmately 150cm wide by 100cm in

height. Its average length is about 3.6 m. Theicaredges of entry and/or exit of the
tunnel will have a minimum width of 5cm to faciliéaits recognition.

Colour and materials

Both the tunnel entry/exit vertical edges and nigeiior walls will be white to reflect
infrared light. The roof can be built of any ma#drinot necessarily white and not
necessarily flat.
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2.3

2.4

Working Zone

Description

The working zone reflects a detour from the orignoaite of the track. This working zone
has a length and form previously unknown to thengaand its actual placing is revealed
by the organization only after all robots are pthae closed park. The working zone can
be coincident either with a curve zone or withraight leg of the original pathway. This
working zone path always starts on the outsideslimiethe track, extends away from the
original route either to its outside or inside, aheén returns to the original path. An
example of a working zone is provided in Figure 5.

Figure 5 — Working zone exaplé

Colour and materials

The working zone is delimited on its entry and éxittwo pairs of orange and white cones
(adapted from those used in work performed on &ctaals), placed on the track outside
lines. The working zone path will be bounded onldfeand right by a sequence of cones
similar to those cited above and spaced approxilgnata from each other. Each pair of
consecutive cones is connected by a 5cm wide ribptated upright and alternately
coloured red and white (the colours are approxim#te tape is similar to the commercial
version used to delimit undergoing work on pubbads). The down side of this tape will
be about 10cm above the ground (see Figure 7).

Obstacles

Description

In the second and third rounds, an obstacle wiplaeed on the track. Robots are expected
to detect and avoid this obstacle by moving araufeke more on “competition” chapter).
In the third round an obstacle will also be plawétthin the parking area. The obstacle is a
rectangular parallelepiped box with a 60cm squageband a minimum height of 20cm.
The obstacle will be green coloured. A placememtngXe of this obstacle can be seen in
Figure 6.
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2.5

Figure 6 —Obstacle placing example

The obstacle position on the track can vary betwedals for the same robot, and is the
jury responsibility to determine this obstacle libma. The obstacle will never be placed
inside the tunnel, on the zebra crossing, or inaiderking zone route.

Signalling Panels

Description
Two 17" TFT panels will be mounted right above ttebra crossing, in the inverted
position, and vertically aligned with each onehs half parts of the track.

B L

T .

1.20

0.87

Figure 7 —Signalling panels and working zone congisnensions

Indicating signals characteristics

The indicating signals presented on the TFT pamedsgenerated from an image with
1024x768 pixels. The symbols themselves occupyuarsgarea with 600x600 pixels (the
files for each of the images used can be foundherFNR 2008 site). The colours used for
the signals, are respectively the red, green alovyever a black background.
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Figure 8 — Signalling panel drawings. In the cheskitag, colours are presented in an alternate ®$sn

Signalling and its associated function

The aim of the signalling panels is to conductrtiieots trials, giving them orders to:
1- Stop;
2- Follow straight ahead
3- Follow to the left
4- End the trial
5

Follow to Parking area

Correspondence between each of these functionsttendnhformation presented in the
signalling panels is:

Function | Action Signal
1 Stop A red coloured " X"
2 Follow straight ahead A green coloured vertical arrow
3 Follow to the left A left pointing yellow horizontal arrow
4 End of trial Red and green checkers flag (each alternating
form lastsfor 0.25 )
5 Follow to parking area | A right pointing yellow horizontal arrow

The actual images of the five symbols presentdlese panels can be observed in reduced
scale in Figure 8.

Positioning
A signalling panel will be available for each ditiea of the course. The panel shall

present itself to the robot on the right side a thack, considering the direction of its
movement.

10
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The base of the panels will be 87 cm above thergtdt2%) and its angle regarding the

vertical plane will be of 25° (see Figure 7). Thgnalling panels will be mounted on an

aluminium structure adequate for this purpose. Gitree high placement of these panels
and depending on the site lighting conditions acfetpaque devices may be placed, in
order to minimize the effects resulting from theoamt of direct light.

3. Competition
3.1 Overall picture

Objective

The aim of the competition is to complete a dodajfearound the track, starting from the
area of departure/arrival and reaching the sameiarthe shortest possible time and with
the least possible penalties.

Organization

The competition is organized in a set of three dsumeld on consecutive days. Each round
includes a race test for each team. During this &h team has the right to carry out a
number of timed trials, limited either to a maximwh four trials or to the maximum
duration of the race test. At the end of each tasg only the trial with better classification
will be taken into account.

First round

The first round is essentially a pure speed testhiks round, the signalling panels are only
used to trigger the robot departure, by changimgnfthe stopping sign to the follow
straight ahead sign. In this round no tunnel, wagkione or obstacle will be placed on the
track. The robots have to complete 2 laps on tmvay circuit, and then immobilize
themselves at the arrival area. Once the robotphased over the zebra crossing for the
third time the signalling panel will present thegssign again.

Second round

During the second round the signalling panels lgllin full operation and an obstacle will
be present on the track. No tunnel or working zewiebe used in this round. Along the
two laps to be completed in each trial the robostmalbey the indications provided by the
signalling panels.

Third round

The third and final round will use the signallingnels, the tunnel and the working zone.
One of the two places of parking area will alsoolbeupied by an obstacle. The jury can
decide which of the two places of the parking asdaee for each of the team trials. In this
round and in the previous one, the jury also desidéer all the robots are in closed park,
which are the possible locations of the track foe bbstacle to be placed on. These
locations may not interfere simultaneously withtbsides of the track.

11
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Parking

In the second and third rounds, and after commgjetiach trial, the robot must perform a
parking manoeuvre in response to the corresponsiggal presented by the signalling
panel. The robot is saim be parked when, having stopped inside the park, more than
50% of the area of its projection on the groundavithin the parking area outlines. The
robot is saido be properly parked when the projection of its outer contour on theugd
does not intercept the outlines of the parking .aleathe third round, the parking
manoeuvre will only be considered correct if thianoeuvre does not interfere with the
location of the obstacle previously placed in ohthe two locations available (Fig. 9).

—]
Figure 9 —Obstacle on the parking area during thiedt round.

Closed park

Just before each round, the robots must be sulgegttechnical verification by the jury,
after which they are placed in a closed park fdrtla¢ duration of the trial. Non-
compliance with these procedures will determing tha robot will not be allowed to
compete in this round. After their race test thiote will return to the closed park, and
stay there until the end of the round. During tlesed park period teams are not allowed
to perform maintenance operations on their robxtegt those regarding battery handling.

Technical verification

Technical verification is aimed to observe andfyetthe compatibility of all mechanical,
electrical, electronic, dimensional and securifyeass of the robot in regard to these rules.
It will be performed just before the robots arecpld in closed park at the beginning of
each round. Technical verification is the sole eardusive responsibility of the jury.

Race test sorting

The order by which each team participates in argikeund will be determined and
announced by the organization before each rouner afi robots are in closed park and
with the express consent of the jury.

Maintenance and technical assistance

During, and only during the course of their racst,t¢he team will be allowed to make
changes and technical assistance to its robot,iqedvthey do not collide with the
requirements laid down in these regulations. Veaiion of adequacy of the robots to this
same regulations can be decided by the jury atiam. If a robot performs a race test in
irregular conditions it will be excluded from contipien.

12
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Time limits and number of trials

The time limit for each race test is 10 minuteghvei maximum of 4 trials. This period of
time starts when the team is called to show upénttack. If the time limit expires during
a team trial, this trial is immediately terminat@dwhich case the competent classification
rules apply.

Demonstrations

After completing its race test participation (wahmaximum of 4 trials) any team can use
up to 3 minutes of its remaining time to make a destration of their choice. This
demonstration may not extend itself beyond the 18utas allocated to the team. The
demonstration will be exhibitional and will not beed for classification purposes.

Classification

The classification of each robot is obtained byimagldts chrono trial time, to the penalty
time it has incurred. The trial time is the exaete measured between each departure and
arrival. In the second and third rounds, the tieguired for the parking manoeuvre is not
accounted for in the determination of the trialdim

The partial classification after each round, frarstfto last, will be obtained by increasing
order of classification times.

After each round, the robot classification timelwie added to those of the previous
rounds, and will determine, after the third routind aggregate time used to obtain the final
classification.

Start

At the start for each trial the frontal part of tfubot must overlap the outside line of the
zebra crossing, as shown in Figure 10, so thatoird pf the projection of the robot on the
ground plane is beyond that line.

Stopping areas

Starting position

Figure 10 —Starting position and stopping areas.

13
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The robot will be put in its starting position bpey and only one, of the team elements,
who handles the procedure to prepare the robothirtrial. The same element should
move away from inside the perimeter of the tracklevhllowing the timekeeper to start
the trial. If the team wants to manually triggee ttheparture of the robot, it can do so, but
this option implies a penalty (see the relevantise

In all three rounds the departure is given by tigmadling panel that, from the stop X'
signal, will change to either the “follow straighltead” or “follow to the left” signal. The
stopwatch is synchronously fired with this signiadge.

The robots start from the starting position inralinds, and always in the same direction —
in the opposite side of the parking area and tosviard

Arrival and intermediate stopping

In the second and third round, whenever the siggajpanel indicates the stop function,
the robot must stop at the vicinity of the zebmassing, and in such a way that at least part
of the vertical projection of the robot on the kactersects the stopping area as shown in
Figure 10. No point of that projection may, howeveverlap the zebra area of the
crossing.

The trial ends when the robot enters the stopporge Zor the 4th consecutive time, after
completing two laps on the track, and immobilizself. The clock stops simultaneously
with robot immobilization in that area. In the sedand third rounds, the signalling panels
indicate the stop function (with the red and grelbeckers flag) when a robot ends its trial.
Once the robot has stopped, and after a periodn between one and six seconds
(randomly generated), the signalling panel will whthe right pointing yellow arrow,
indicating that the robot must follow to the parkiarea. Only then should the robot
resume its march, performing its parking manoeunra maximum time of 30 seconds.
The disregard for this sign and parking outside dhewed time limit will be penalized
independently.

During the first round the parking area will notumed.

Signalling panels operation

During each trial, the signalling panel controlrsures the random change between the
available states (go forward or turn left). In tveoit of three times that the robot
approaches the signalling panels during its trathout counting departure and arrival),
the controller generates the stop signal (red X)afdime that can vary between 1 and 9
seconds, randomly selected, and then goes intofoiine other two states. The sum of the
two times corresponding to the presentation ofstio@ signal will always be 10 seconds.
This lapse of time is measured right from the moméren the robot stops at the stopping
area.

Early end of a trial

If, during a trial, all points of contact of theba@t with the ground go outside any external
outline of the track, the trial is stopped by tleéeree using the wireless device to cut the
power to the robot engines (see chapter on sefuERcept for periods of time between
trials, no team members may remain within the petr@nof the track or less than 50 cm
away from it. Violation of this rule will determin¢he immediate interruption and
cancellation of the undergoing trial.

14
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3.2

Race test Interruption and overtime

The referee may decide to interrupt the race témtnever consulting the jury may be
needed or whenever configuration of track accesspé.g. tunnel, obstacles or accessories
of the working zone must be restored to its origpwsition. To do so, the referee should
require a temporary suspension of time countingsdmn as conditions permit, the referee
should request the time counting to be resumedrrfi@ do not confuse the counting of
the race test time with the timing of trials - qeragraph 5: timing). Reinstatement of
accessory configuration will be provided by a suppeam, appointed for that purpose by
the organization.

Moreover, whenever there is clear evidence that rdme test was delayed due to
exceptional circumstances not directly attributabléhe team, the referee, after consulting
the jury, may grant a time extension period eqerato those delays.

Penalties

Collisions with track accessories

Collisions against any accessories in the areaoafpetition, including the tunnel, the
signalling panels support, the accessories of theking zone and the obstacle, provided
they do not significantly alter their disposal, i@ penalty of 11sec. To this end, the
cones and tape of the working zone are assumea ta &ingle accessory. A collision
causing a clear change in the accessories posigjatetermines the early termination of
the current trial of the robot (with the correspmgdpenalty) with an additional penalty of
19sec, as well as the interruption of the trialdppropriate track reconfiguration. For the
purposes of this rule, and when referring to antasibs position change, a clear change of
position is only taken into account when the irget®n between its base of support and
the area that was occupied before the collisiaruls Any collision with the obstacle that
does not determine the interruption of the triall We solved by the referee, who will
reposition the obstacle in its original position.

Going outside the track

If one of the robot points of contact with the gndugets completely out of any of the track
outside lines, the robot will suffer a penalty e for each time this happens. However, if
all the contact points of the robot with the growed beyond the track outside lines, then
the present trial is terminated with a penalty ddidonal 23sec. For this purpose, during
the third round, and when in the presence of thekiwg zone, the tape that connects the
cone pins is assumed to be the outside line ofrdod.

Wrong direction

Every time the robot does not comply with the dimt pointed out by the signalling
panels, a penalty of 25sec will be applied. Thisglty can be given up to four times per
trial, corresponding to the four times that theawtwill have to interpret the signalling
panel to decide which direction to take.

Non stopping at the stop sign

Whenever the robot does not respect the stop sggh'X') a penalty of 90sec is applied.
This penalty may be given up to three times pat,teand will also be applied if the robot,
having detained itself at the stop sign, resungesérch before the signal changes.

15
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Detaining outside the stopping zone

If the robot, while detaining its movement at th@pssign, does no stop within the stopping
area, a 9sec penalty will be awarded. This carobe dp to three times per trial.

Parking at the parking area

If the robot, after stopping at the end of itsl{rrasumes its march before the appearance
of the parking signal (right pointing yellow arrgw) incurs in an additional penalty of
19sec. This penalty is cumulative with the "Detagnoutside the stopping zone".

If the robot does not perform the parking manoeuvrea maximum time of 30sec
measured since the appearance of the parking siguffers a penalty of 23sec. It is
considered that the robot did not carry out th&kipgrmanoeuvre when, having stopped at
the end of its trial, it does not resume the maaitlr 2sec measured from the appearance
of the parking sign.

If the robot, having parked within the valid timenit, does not perform this manoeuvre
correctly, it suffers a penalty of 7sec. Each @sth penalties may be awarded only once
per trial.

Manual trigger of a trial

Whenever a team takes the option of starting i®trérial manually, a penalty of 30sec is
added to this trial.

Trial early termination

If a particular trial is early terminated, the triame for classification purposes shall be
obtained as follows:

(% of the race test time limit) x [4 - (number aillfhalf laps travelled)] + (penalties
incurred).

Penalty summary

The following table presents a summary of the dé#ifi¢ types of infraction, related effects
and awarded penalties.

Infraction Related effect Penalty (sec)
Small collision with track accessories 11
Collision with track accessories altering geometry | Trial termination 19
Going outside of the track (partial ) 7
Going outside of the track (full) Trial termination 23
Wrong direction at the signalling panels 25
Non stopping at the stop sign 90
Early departure at the stop sign 90
Stopping outside the stopping area 9
Early parking manoeuvre 19
No parking manoeuvre, performed in more than 23
30sec or delayed for more than 2 sec.

Irregular parking manoeuvre (out of bounds or 4
interfering with the parking obstacle)

Manual triggering of the trials 30

16
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4. Jury, Referee and time keeping

Jury

The jury is the maximum authority in the interpteta and application of the herein
defined rules or in every deliberation regardirgues that may be missing from them. Its
mission is to verify the compliance of the robot#hwthese rules during technical
verifications, and support the referee, during tt@mpetition, in their audit and
enforcement.

Through its authority, the jury ensures justicehia application of rules and regulations.
Decisions of the jury board are final. Appeal frjury decisions is not possible.

The Jury is appointed by the Organizing Committee.

Referee

The referee ensures the correct application oftimepetition rules and gives permission, if
necessary, for team members to enter the trackdanéiag the race tests. The referee may
also stop the race test whenever necessary taydaald consult the jury.

Regarding any issues that may be missing in thelss the referee must, in all cases,
consult the jury.

The referee is appointed by the Organizing Committe

Time keeping

Timing keeping is provided by an automatic integdatontrol system which also controls
the signalling panels. This system includes twoepwhdent clocks: a time totalizer,
responsible for measuring the time of the race w@stl a time counter responsible for
measuring the time of each trial.
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