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Romeo and Juliet: an infrared search system
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Abstract— The aim of this paper is to describe a compreheive
system of two robots that are able to localize eadther in real-
time using an infrared communication. The robots &rt from a
distance between 10 and 50 cm and they do not kn@ach other's
position. The can only communicate by a half-duplechannel.
The robots use a simple localization algorithm to eet.

Index Terms— Optical communication, optical
measurement, mobile robots, distributed algorithms.

position

I. INTRODUCTION

WE describe the bio-inspired behavior of two enteitej

robots, that are built to perform an artificial dan The
young visitors of the scientific exhibition LUS [glave them
the nicknames Romeo and Juliet. These are madegd

bricks, adopting the RCX 2.0 [2]-[4] of Lego Mindsin

series. From a technical point of view, we consitie robots
in an environment where they move on a limited elanea.
The task of Romeo is to reach Juliet. The robotsraunicate
with each other without the help of infrastructumed other
facilities of the environment. Moreover, the conmiaation

channel is half-duplex. These constraints couldnteresting
in the study of pioneer exploring robots. This gragescribes
the robots’ characteristics, considering in patticuthe

adopted algorithm.

Il. THE ROBOTSROMEO AND JULIET

A. Romeo
Romeo is a typical thin three-wheeled robot (Fig. 1

Fig. 1 The robot Romeo.
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Fig. 2 The robot Juliet.

It has two wheels driven by independent motorsis Tébot
communicates by an embedded infrared port at snrEsion
rate of 2400 bps.

B. Juliet

Juliet (Fig. 2) is a robot with two independentksand has
a somewhat “matronly” shape. She has two lightsento
recognize the various light beams that are naturafllected
by the floor. These sensors acquire data aboutfltioe
portion behind them in order to prevent the rolbobf moving
to dangerous areas.

She perceives the contact with the other robot bpma of
two switched whiskers. The way we connected thitcckes
realize an OR logic function because both the $wiic
whiskers act as one sensor. We adopted this sonlbgcause
the RCX lacks sensor ports.

This robot communicates in the same way as Romeo.

The two robots are placed on a plane surface, lysath
distance of about 50 cm, as illustrated in Fig.The starting
directions of both robots are random.

At first, Juliet memorizes the properties of theofl below
the sensors, thus identifying the safeness are&. covhpare
this process to the imprinting process. We asstivae her
initial position is in the safeness area. Ther spins and
waits for Romeo actively: she sends out infrargphals that
we compare to appealing looks.

When Romeo is switched on, he looks around foetlgl,
that they are “looking for each other”. When tHewwks meet,
they stop for a moment (the time of a “smile”) d&ameo

DESCRIPTION OF THE ROBOTSBEHAVIOR
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Fig. 3 The SA search phase.

goes towards Juliet, “willing to kiss her”. Whdrey meet, he

stops and she moves back for a maximum of twenty

centimeters. If she moves out of the safeness hedfare
stopping and being reached by Romeo, the algoritats.
Otherwise, she comes back to Romeo and the dasizatse

IV. THE ALGORTHM

The algorithm is distributed: the robots work irrgdkel and
they act as autonomous units (Fig. 4 and Fig.T9)e pros and
cons of this architecture are those typical of tkisd of
structure (distributed algorithms). Since the camiwation
channel is not completely reliable, the algorithmsmtake
account the transmission errors and make the tvmtso
behave accordingly: even if only one error occting two
robots restart from an appropriate state as exqddelow.

We identify two phases for the transmission protocbhe
first, that we call SA, is divided into two partedause the
communication channel is half-duplex: the searckd #me
approach. The second phase, that we call M, dsnthe
meeting of the robots.

A. The SA search phase

In this phase, Juliet spins sending “Hello!” messagsting
200 milliseconds. Every message is coded withitteger
value 0.

Then she waits for Romeo’s answer, the waiting fiaséing
200 ms. In the meantime, Romeo is only ready teive
messages, and does not send out any signal, in trdeep
the communication channel free. He is spinning to@rder
to arrange himself in a straight line with respeciuliet.

When Romeo receives the “Hello!” message, he stops

spinning (he stops all the motors) and sends hisr2g long
“Hi!” message. This is coded with the integer walli Then
Romeo waits for Juliet's answer.

At this step of the algorithm, we are sure of the tobots
alignment due to RCX infrared directionality.

The transmission rate of the infrared ports is 28p§, and
they work according to the RS232 serial port stestdhl bit
are necessary for each transmitted byte. In thissmission
mode, each message can contain one of the 256nittaise
symbols, so that the transmission time of each agess circa
4,584 ms. This implies that during the 200-ms graission
time (e.g. the “Hello!”), about 43 messages aret.senhis
allows a good alignment probability.

B. The SA approach phase

Juliet starts this phase when she has receivetHiliefrom
Romeo. Now they are aligned, so that they can spaming.
Juliet transmits her 200-ms “Hello!” message andsvar an
answer within 200 ms. If she receives the message,
transmits another “Hello!”; otherwise, she staftg tsearch
phase.

SA phase M phase

no message

=

10 message

mside
secure area

Fig. 4 Juliet's protocol.
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SA phase

transnussion
error

Fig. 5 Romeo’s protocol.

Romeo starts this phase when he receives the ‘H &l
Juliet as an answer to his own “Hi!”. Now, he gadeward
Juliet and transmits his 200-ms “Hi!” message aaitsafor an
answer within 1000 ms. When he receives the mesdag
transmits another “Hi!”. Otherwise, he changespgtiase into
the search phase.

This continuous exchange of messages ensureshthaivo
robots maintain the alignment while Romeo is apphoay
Juliet.

In order to describe the “Romeo and Juliet algarftiet us
describe the states of the two robots (Fig. 4 dgd3j. Juliet
switches from states s astl respectively, t@ anda'. Romeo
switches from the stateto a throughsl ands2, according to
the rules of the SA phase. In the M meeting pheaeh robot
can assume two different states: thand thef.

A. The M meeting phase

Romeo goes toward Juliet and hits her switched kehis
softly. This goal is achieved by means of theirdare and
software.

When Juliet perceives that Romeo has hugged héde whe
is in thea state, she switches into the meetingtate. If she

M phase

timeout 0 I

Wait '

perceives the hug while she is in tilestate, she switches into
the finalf state.

In the first case, she stops all the other actisitind sends
“Wait” messages (codified with the value 2) to Rame
continuously, while going back. If she goes bagk dbout
twenty centimeters, she “changes her mind” and ¢meards
Romeo and changes her state into the searchtate.
Otherwise, she reaches an unsafe area and chaegesate
into s

In the second case, she sends the 200-ms “StopSages
and waits for an answer within 200 ms. If she irexethe
answer “Here | am”, she switches off.

When Romeo (into tha state) receives the first “Wait”, he
changes his state into the meetmgnd stops for 500 ms. He
remains in this state until he receives a “WaitAfter this
time, he switches into thesearch state.

When Romeo (into tha state) receives the “Stop” message,
he answers sending a “Here | am” message lastiog s,
and then switches off.

V. CONCLUSION

We presented this experience because we think it is

interesting that toy robots can couple using sinmpéehanism.

We are using them as prototypes to obtain better
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performances in the future with new interactiveatsb which
will perform in dances that are more complex.

Our young visitors performed a number of successful
experiences with this two-robot system, and we tleal these
experiences are an effective test of the religbibf the
“Romeo and Juliet algorithm”.

REFERENCES

[1] http://www.ludotecascientifica.it

[2] http://mindstorms.lego.com/.

[3] http://www.crynwr.com/lego-robotics/

[4] http://fen.wikipedia.org/wiki/Lego_Mindstorms

[5] Luca Schenato, Sandro Zampieri, “Optimal rendezwamumrol for
randomized communication topologies”, SubmittetEf6E Conference
on Decision and Control (CDC 06), San Diego, CAAJBecember
2006

[6] Gordon McComb, Myke Predko, “Robot Builder's Bonahz3rd
edition, McGraw-Hill, 2006

[7]1 Stuart J. Russell, Peter Norvig, Atrtificial Intgkince: A Modern
Approach, 2nd Edition, Prentice Hall, 2002





