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Abstract

Georgia Tech won the Office Cleanup Event at the 1994 AAAI Mobile Robot Competition with a
multi-robot cooperating team. This paper describes the design and implementation of these reactive
trash-collecting robots, including details of multiagent cooperation, color vision for the detection of
perceptual object classes, temporal sequencing of behaviors for task completion, and a language for
specifying motor schema-based robot behaviors.

1 Introduction

Georgia Tech’s team of robots, lo, o, ig re ace rst 1 the ea the
ce e e tatthe obot om etitio s o sore b the merica ssociatio for rti cia te ige ce
The co test re ire com eti grobot e tries to c ea amess o ce stre ith trash  a sof
a er, st rofoamco eec sa so acas ere ace b ges thro gho t the co test are aao g ith
astebas ets here the ho e the robots o e osit the trash The are ai ¢ e or 1 ar tabes,
chairs a es s as obstaces to 10 1 e reaism ri g com etiti e tria s, each robot as to gather a
thro a a asm ch trash as ossibei te mi tes ol ts erea ar e for each iece of trash thro
a a,a e aties e ie for co isio s ith a sor obstaces Thetas r10e 1 ¢ t o e robot,
hi | from the 1 ersit of hicago, ase 1 e toa to omo s ocate, ic a e osit trashi1 a
aste bas et fort ate , the com tatio a o erhea  as so great that hi aso abeto o this
oceil te mi tes Ther es roi e for robots ith ess ca abe, or oma 1 atorsb ermitti g
irt a ma i1 atio f a robot as ear a item of trash or a astebas et, it co  sig a itsi te t to
ic or thro a a trash a be cre ite for the ic or to o atasight e at other to
com etitor i the cea the o ce e e t, hi o,is escribe 1 thisiss e ea ersi tereste 1 the
o era com etitio are referre to el immo s’com a io artice




Georgia Tech’sa roach 1 ere from othere triesi thee e tb em hasii gm ti e, o costrobots
istea ofasi ge sa e esie robotso tio Thisa roach asmoti ate b se era factors, i

¢ 1 gcost,b t rimari to test theoriesregar i gm tiage treiabiit a coo eratio m eme tatio
of this m ti robot s stem is i teresti g from se era sta  oi ts,i ¢ 1 gthe esig of

to ermit co str ctio of se era robots
erce t a a motor rocesses se b the robots to co ect trash
erce t a a motor rocesses that ro 1 e for coo eratio bet ee

robots

to coor i ate tra sitio s bet ee isti ct o erati g states for each robot

a achie e the esire goa state

to ocate so aca s, astebas ets, a robots

for escri tio of robot har are, s ec

if i gbeha iora states, a tra sitio s bet ee them

to1 sta tiatea e ec te rocesses at r  time accor 1 g to a e

The robots’ har  are esig a isio rocessi giso ti e 1 the e tsectio ater sectio s escribe
beha iora co tro ,tem ora se e ci g,soft arearchitect re,a m tiage tcoo eratio The a erc oses
ith strategies se a  esso s ear e at the com etitio

igre Ga me e o, a a isto
.
rd r 1n
The te o robots ere b it si g o theshefcom o e ts at a cost of a ro imate each
b i cha mi mchassise cosesa c o e motherboar a o is , amicroco tro era the
o ers stem The chassis sits ato a motori e base rchase asara ioco tro e mo e it ach robot
ise 1 e ithb m erse sors,ami iat reco orcamera,a as ecia esig e mecha ica gri er

the she fcom o e ts erechose forcost, e ibiit ,a reiabiit e abi gthe esig team toco ce trate

o soft are e eo me ta 1 tegratio

obot ocomotio is roie b a ie esie motor o ere trea e ehice mar ete forra io
co tro mo e e th siasts ach robot baseis ri e b t ose arate motorsa rioetrai s itia o0
the she f car co tro ers ere se to ri ethe motors,b tthese ereaba o e beca se o 1 earities
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ig re ar are esig eachrobot eighsa ro imate o s,sta s 1chesta a meas res
iches ieb i ches o g

1 their o t t ma e acc rate ositio co tro im ossib e stea , ¢ stom bi oar bri ges ereb it,
a o 1 gsmooth co tro at o s ee
rocessi gres o sibiities ares it bet ee a si ess ar om ter for o eesesig
a cotro,a a com ter for high e e co tro a isio ach robot’s airof bri ge motor ri ers
is co tro e b the , hichim eme ts ro ortio a,i tegra a eri ati e s ee co tro ith
tra o oi a eocit 10 es The s ere chose for ease of rogrammi g 1 a m ti e igita
a  timer cha es The microco tro eris asores o sibe for ri i ga etecti g the gri  er’s
beam, ri i gthegri er'so e coseser o,a rtea i g the robot’seight b m ers itches
The re ireme t for isio moti ate the a 1itio of a motherboar a itio to roii g ro
cessi g8 ee a memor thatis a aiabei the microco tro er, the e abesthe seofi e e sie,
mass mar et i eocar s achrobot hasa  megahert ith egab tes of a a o
iIs ma , 0 o er 1 eocamerass T i eo irect to i eoca t recar s o booti gfrom
a o is , the o oa s soft are to the o er a seria 1 cethe o ee soft are
begi se ec tio ,theseria 1 is se toe cha gese sora comma i formatio bet ee the a
the fter boot | the ta es o er isio ;a high e e motor rocessi g res o sibiities; hie the
ser es asa o e e se sor a act ator e ice 111 gthese siga rocessi g res o sibi ities
bet ee the a the e force mo arit ,iso ate errors,a a o e ara e e eo met

t as imme iate a are tto the esig team that most commercia ge era 1 ose robot arms are too
hea ,tooso ,a too o erh gr for sma mobierobots Tas re ireme ts ere the starti g o1 t
of the ma 1  ator esig

atreem t so aca s, st rofoamc s, a a e sheets of oteboo a erthat ma bei se era
orie tatio s

ight eight
o o er

ithsta re eate co 1sio s ith immo ab e ob ects

ther co strai ts a ect the ma 1 ator esig as e i ce ehice ma e eri gis im recise the
ma i ator sho ma imi e the ca t re area for the ario st es of trash so, trash ob ects are be o
the ie of the camera he 1 ma i ator ra ge, so the gri er sho a o the robot to gras ob ects



it ca ot see fthe ario st esof trash, so a ca s are the argest so the ma i ator as esig e for
them a  occasio a  chec e agai st st rofoamc sa ae as The a esig ig re  is abe
toca t rea ho so aca si three orie tatio s right, o si e iththe o ga is er e ic ar to the
gri era o sie iththe o ga is ara e tothegri er
T oshort ha s arehi ge irect toab m er hichis esig e tos orta rotect the ha s
The ser o act ator is attache to the rear of the b m er ith co tro 1 agesco ecti gittothe ha s
o str ctio materia s are stee hi ges,a mi mco tro hor s, astica ber boar s he together ith
o r1i ets
beam 1 the gri er’s ha s aerts the robot of a obect i ra ge for gras 1 g The se sor
he s the robot o ort istica grab trash ite co ters These soristri e b a 1 ter e i gob ect,
i ¢ 1 gobstaces, sothe robot m st someho  escrimi ate bet ee obstacesa trash  he e er the
beam is bro e the robot c oses the the ma 1 ator, the bac s f the ob ect e co tere isimmo abe
eg achair eg it 1 si o tofthegri er, reestabishi gthe beam this case the robot i fers that
the ob ect is a obstac e, other ise it is ass me to be trash  ore etais of the strateg aree ai e 1
ectio

Vehicle

Control Linkages
Soda \Z
IRBeam |  can
Bumper
\Hends
ig re ose of trash ma 1 ator

oor isio is tiie totaef a a tageofcoorc esfor escrimi ati gbet ee ario sob ect c asses
im orta t to the robots trash, astebas ets a  robots The robots se mi iat re co or cameras ith
ieage eg esesa sta ar T aaogot ts o cost frame grabber ca t res
1 eoimages a ma esthem a aiabei memor tosoft arer 1 go the
The i eo boar ss  ort a chromi a ce mi a ce mo e of coor rather tha the more famiiar e
Gree e G sta ar oft areto co ert these imagestoa ormaie G formati three image
a es is im eme te 1 o the itio a image rocessi g soft are ses the G images to
ocate ob ects 1 thee iro me t 1 ima, re ictabe memor sage, rob st ess a o com tatio a
o erhea  ere rimar factors i the esig of the isio soft are These co strai ts ea to the se of
asim e bob etectio a roach for isio rocessi g To sim if the rob em, the team eecte to ta e
mi or oi t e aties, accor i g to the co testr es,for roi i gtheiro trasha astebas ets
This strateg e ab e the team to se ect ob ects so that a se arate rimar coortoi e ti eseachim orta t
erce t a cassofobect re forso aca s ;b efor astebas ets,a gree for other robots These co ors
are eas to etect a isti g ishee 1 ac ttere o cee iro me t
ather tha sim sere ,gree ,a b ecom o e ts irect ; a of hich are arge for hite ob
ects s ch as g are s ots, the soft are e tracts s ercom o e ts er com o e ts for each co or are




ig re robot’se e ie i c¢c 1 ga other gree robot eft |t ore so acas mi e a ab e
astebas et right

ig re erre ,8 ergree a s erb ecom o e timages of the same sce e
com te b s btracti g the a es of the other t o com o e ts at each 1 e erre , for e am e,
is com te as s btracti g o t other com o0 e ts, asim e h e se siti e metric
is forme o, for e am e, a hite bobhasa o s erre com o et, hieare bob has a bright

S erre comoet am e miacea corres o 1gs ercom o e timagesaresho 1 ig re
a ig re

The ocatio s of coore ob ectsi thee iro me tarecom te asfo o s athresho i go eratio o
as ercom o e tisfo o e b abob etecti g ass im th to the ob ect is cac ate irect from
the o isa e of ie a reae asa ectorot torheaig ageis etermi e si g the
o est 1 e of thecorres o 1 gbob 1 cea obectsofi terest are resti g o the oor, a si ce the
camera is ol te hori o ta ,ra geca be estimate si g the sim e trigo ometric re atio

here isra ge, 1is the camera height, a isthe a are t a ge from the ce ter of the image to
the bottom of the bob com te 1 the same a as aim th, si gthe o e of ie The ra ge
a hea i g ataisco erte toa obect ocatio 1 the robot’s goba coor 1 ate s stem

isio  rocessi giscom ete 1 abo to eseco The acc rac of com te ob ect ositio sis better
tha o ei ch he the ob ects are ithi three feet of the robot b ects f rther a a are s a ithi
abo t a foot of the com te ocatio Theres tsof isio rocessi g are store 1 goba memor a are
se b beha iora rocesses escribe i1 ectio The robot’s ositio ,a the ob ects isco ere is a
are store 1 a goba coor i ate s stem ob ect’s ositio re ati e to the robot ma be com te e e
if the ob ectis o o ger isibe reiabiit 1 e associate ith the ocatio 1 formatio for each ob ect
eca so era erio ofami teiftheob ectis ostfrom ie Thisgi es riorit toob ectsc rre t isibe
tasohe sacco tforthea ro imate at reof ea rec 0o 1 ga the ossibiit of misi ter rete is a
ata



1or ontro

This sectio  escribes reacti e beha iors e eo e for the com etitio ataco ce t a e e oft arethat
im eme tsthea roachise aie i the e tsectio

The c ea tas ca s for se era se arate ste s to be accom ishe 1 se e ce for com etio
trash, get trash, trash ca , mo e to the trash ca , e osit trash, etc The a roach se here is to
e eo se arate reacti e beha iors that accom ish each ste Thei i1 a beha iors are the triggere
i a a roriate se e ce b a sim e beha iora ma ager the tech i e is referre to as tem ora
se eclg

The beha iora ara igm se 1 this or , a 1 other research at Georgia Tech’s obie obot

aborator , is motor schema base co tro 1 e other reacti e s stems , motor schemas o er o
com tatio a o erhea a itio a ,the 1o i efori tegratio ithtem ora se e ci g a roaches
se here ;| a e iberati e a roaches ot se here
i1 a schemas are rimiti e beha iors that are combi e to ge erate more com e emerge t be
ha iors chemas arei e e e t com tatio a rocesses forse si ga acti gthatr 1 ara e s
a e am e, co si er the co str ctio of the beha ior for a robot to mo e to a item of trash hiea oi i g
co isio s ith obstac es the beha ior or this tas ,t o erce t a schemasa t o

motor schemas are 1 sta tiate

a erce t a schema that ses isio to com te the ocatio of the goa, aso aca

a erce t a schema that etects a  trac s obstaces i the e iro me t si g
b m ers itches

a motor schema that ge erates a ector to ar s the goa etecte b

a motor schema that ge erates a ector a a from a etecte obstac es
mag it e ariesi erse ith ra ge to the obstac es

The ectors ge erate b each of the motor schemas are combi ¢ a e ,the ci e toge erate the
o era mo eme t ector, hich is se t to the robot’s act ators 1 ce some com o e ts of the tas ma
be more im orta t tha others eg a ol i gco isio sis im orta t , the motor schema ectors are
m ti ie b gai a esbefore the are combi e The gai a e for each schema a o sthe esig er to
c stomco g reabeha ior hicha ro riate em hasi esthe ario scom o e ts of the tas i1 a
beha iors for each of the se era ste si the cea o ce tas ere eeo e a teste o the robots,
a a ro riate gal a es ere etermi e em irica ea ers are referre to for a more etaie
escri tio of the gai s a arameters of s eci ¢ motor schemas
e e ce coor i atio or tem ora se e ci gisthe rocess b  hich the robot co tro s stem mo es
thro gh a series of isti ct beha iors | ore am e, he the robot is searchi g for trash, a i ere t
beha ior is acti e tha  he it is mo 1 gto ar s a trash ca to ei er the trash si g the tem ora
se e cl g tech i e, the esig er s eci es each o erati g state beha ior a  the erce t a triggers
hich ca se tra sitio s bet ee them The res ta t 1 ite tate  tomato acts as a beha ior
ma ager, 1 sta tiati g ree a t beha iors base o thes eci e erce t a triggers erce t a triggers
ares ecial e erce t a schemasthatr 1 ara e ith other schemas a sig a the beha ior ma ager
he a state cha geisre ire ectio escribes ho tem ora se e ci gise resse 1 soft are

ig re sho s ictoria the co str cte for the com etitio e e t tates are e ote ith
circes a  state tra sitio s ith irecte e ges abee  ith the erce t a triggers ca si g the tra sitio s
The robot begi s1 the state a aits for o e of the b m ers to be she asig a to the robot
that the co test has beg hiei the 0 state, the robot ra om e orestheare a ti
either it is a iscer s aso aca o o or the beami itsgri erisi terr te



bumpers= 0
IR _beam= 0

bumper_pushed = 1 trash_detected = 1

\/

trash_detected = 0

Move
to
Trash

gripper_closed = 1

IR beam= 1 IR beam=1
(add obstacle) d obstacle)

trashcan_detected = 1 at_trashcan=1

trashcan_detected = 0

complete= 1

Backup2

ig re obot eha iora tate iagram

The 0 beha ior se atthecom etitio as rimari asita s i beha ior the robot ma e
a series of sma t r s so that it co is a taei thee tiree iro me t the o o state
o tie abo e, the robot mo esto ar stheso aca si g is a ser oi g ti the gri er beam is
bro e The state c oses the gri era the state mo es the robot bac ar s
to see if the ob ect it has grabbe is mo abe, a  therefore trash hiei the 0 state,
if the gri er ro s trash it as carr i g, the robot ret r s to the 0 state to re ac ire the
ob ect he atrashca is is a iscer e ,the o o state ser os the robot to ar sit he

the robot arri es at the trash ca it ro s the trash o a bac sa a t the e ec tes
aright t r so thatit 1 search a 1 ere t area,a ret r s to the 0 state to ocate more

trash

ece t m tiage t robotics research at Georgia Tech has i estigate tas s for robots simi ar to the cea
the o ce tas . the or of ri a ri
tas e to co ect attractors i thee iro me ta ret r them to a home base ttractors are items of

ach a it sim ate robots are

bl bl

i terest scattere ra om abo tthee iro me t,a aogo stotrashi thecea tas ater or b
acha ri a itio a tas saree ore ,comm icatio bet ee robotsisa e ,a the beha iors
are al ate o e 1 g mobi e robots The re io s research has estab ishe that for m tiage t




foragi gtas s

or agie mber of attractors eg trash more robots com ete a tas faster tha fe er robots

bl

ma cases, erforma ceiss eri ear,ie robots com ete a tas more tha times as fast
as a si g e robot

ho es of tra sferri g these res ts to the m tiage tcea tas ;, emo e e the coo erati e beha
iors of a o the robot beha iors se 1 the earier i estigatio s e tho gh
comm icatio assho toim ro e erforma ce, a titati eres ts emo strate e cie t coo eratio
bet ee robots itho te icit comm icatio e tocoo eratio itho t comm icatio is the a i
tio of i ter robot re  sio ri g the i itia search, or foragi gste a aogo sto the
ste 1 0 cecea The re sio ca ses robots to s rea ot a sca thee iro me te ciet

ter robot re  sio is o ere 1 other hases of the tas , bt e t at a high e o gh setti gto re e t
co isio s bet ee robots

0o eratio is im eme te o a si g1 ter robot re sio o e icit

comm icatio as ot se ter robot re  sio isim eme te 1 t oste s irst, a 1 sta tiatio

of for gree b obs, ocates robots i the camera e of ie eco , a motor schema,

ge erates are si e force a a from the etecte robot 1 ce a titati e ata

ha e ot et bee gathere o these robots, the e te t of coo eratio 1 a has
ot bee estab ishe a itati e beha ior of the robots, ho e er, seems to co rm o r earier res ts

ot r rc it ctur

This sectio  escribes o boar soft are hich im eme tsthe robots’ beha iora co tro  escribe 1 the
re 1o ssectio  There are t o ma or acti ities that the soft are architect re m sts ccessf s  ort to
be sef  These are 0 0 a 0 eha ior e itio co sists of s ecif i g
the robot beha ior i terms of states a  state tra sitio s, a escribi g hich erce t a a  motor
schemas sho be acti e r1i g each state The soft are architect re a o s rogrammers to s ecif the
robot’s beha iori ate t e si gthe eha iora ar are escri tio a g age this a
rogrammers ma re ise beha iors sim b e iti gthete t e chema e eo me tco sists of riti g
e co e tocreate e schemas, hich the ca bei cor orate 1 to a ibrar of a ai ab e schemas that
rogrammers ma  se to s ecif more com e robotic tas s The soft are architect re is ritte i

a a o s rogrammersto rite e co ee ciet a reiab b strict e forci gi formatio hii g
a s orti gres abiit b 1 herita ce

b ecti es of the soft are architect re are the fo o i1 g

toa o rogrammers to easi s ecif | test, a cha ge beha ior escri tio stoa at
the robots to e tas sore iro me ts

toa o rogrammers tore rese t a 1 era ge of beha iors commo to robots o er
ati gi com e e iro me ts

toe s re basicschemase ec tea ro riate a co siste t as rescribe 1 the

e cle te ec tio of motor schemasa mi Ima reso rce co s m tio

to erif the ro ere ec tio ofi1 11 a schemasa robotic tas




The architect re is iagrame 1 ig re rimar e eme ts of the s stem are , ,

,a i terface ith the robot’s har are toiso ate etaisofhar area co g ratio
eg, - , 0 0o _o0 are the its of e ec tio of high e e soft are T o
t es of schemas are im eme te erce t a schemas, hich rocess i formatio from the robot’s se sors
eg, _o a  motor schemas, hich comma the robot’s act ators eg, o _
are  bic high e e ob ects accesse b the schemas to share i formatio o robot stat s a se sor
ata eg, - , - - e co e co tro o e ge se toacti atea ro
riate schemas accor i g to res eci e co itio sa c rre tstat s eg, _0 _ , see ectio
The eha iora ar are e itilo a g agea o s rogrammerstos ecif a co g rei sta cesof

each c ass of com o e ts to meet the re ireme ts of the robotic tas accor i g to the a ai ab e har are
ach com o e t cass co sists of a ibrar co tai i g s eci ¢ com o e ts that erform a artic ar ob
rogrammers s ecif 1 hich of these s eciai e com o e ts toi sta tiate  rogrammers ma
asoco g reeachcom oetistacei 11 a accori g tothe etais of the robotic tas this
a ,a rogrammer ma s ecif arobotic beha ioro agi e har are atform ic a easi itho t
recom 11 g the so rce co e
This esig a o sgreat e ibiit a e ressi e esssi ce the com o e tsare ge eric a sef  across
lere ttass oream e a o _ o schema ma be i sta tiate to rocess a _ ariab e
ie, agree _bob_ etector imiar ,a o _o_- o schema ma bei sta tiate to go to the ocatio
here the gree bob as etecte The res t is a robot that mo es to gree ob ects t a robot that
mo es a a from re ob ects co be s eci e st as easi b s itchi g the gree imageb are o e
a b siga o - —0 motor schema i stea of o _o_. o0  The esig is aso reiabe
si ce 1 ere ti sta ces of the same com o e t e ec te the sameco e fa ieceofco eisb gg ,it 1
fai 1 a of its i sta ces ch a a oma iseasi etecte so that correcti e meas res ca be ta e
i ce the soft areis im eme te 1 , rogrammersca e eo co e fo o i gstrict e forceme t of
i formatio hi i gthro ghe ca s atio Thisa o e se era rogrammerso o rteamto e eo co e
1 ara e itio a ,reiabeco eisre se b 1 herita ce, hich a o s rogrammersto e eo e
schemas as s eciai atio sof e isti go es
0 o 1 gisa brief escri tio of e ices, ariabes, erce t a schemas, a motor schemas se at
the obot om etitio The rea er is referre to ig res thro gh , hich ist fragme ts of a
etohe 1 stratethes ta a str ct re of

These com o e ts ro 1 ethei terface se b schemastocomm icate ithhar arecom o e tsi

the robot  rogrammers ca s ecif hat har arecom o e tsto seb s ecif i gthea ro riate
e lces1 a e ach com o e t has artic ar attrib tes to ¢ stomi e its o eratio see
ig re fora e am e

rame_grabber se tose comma s to the frame grabber car a torea igitaie coor
images

omm icatio _ ort se to se comma sa recei e stat s i1 formatio from the micro
co tro er thro gh the seria ort

otor_ ri e se tose steeri ga tra satio comma sto the motor ri ers

ariab es are ob ects that ho ree a t 1 formatio share b schemas ach com o e t 1 this
ibrar has artic ar attrib tes that e e o thet e ofi formatio that it ho s, b t there are
t o attrib tes that are commo toa ariabes stat sa certai t The stat s attrib te is a bit that
1 icates if the co te t of the ariabeis ai or ot The certai t attrib te meas res the reiabi it
o the co te t of the ariabe The certai t factor is a  mber bet ee ot reiabe to most
reiabe ee igre fora e am e



haft stores the robot’s ositio a  orie tatio 1 goba coor i ates The i formatio is
estimate b ea rec 0 1 go the eft a right motor shaft e co ers

mage stores bit images

ocate ee s trac of e iro me ta obect ositio si goba coor i ates The e iro me ta
ob ects co si ere b the s stem are trash, bas ets, obstac es, a  other robots

its ee strac of bi ar e e tss chasgri ercose ;b m ers itch acti e, etc

orce stores ectorso t tb motor schemas

erce t a schemas are s eciail e rocesses that are res o sibe for rea 1 gi formatio fromi t

e ices a ati ga ro riate ariabesaccor i g see ig re fora e am e
m er_sca er ates the a eofab m er bit accor i g to the stat sofab m ers itch
bstac e_ etector ates a ocator ariab ecorres o 1 gtoa obstace accor i gto the stat s
of ab m er bit
0o rea s the frameb er a ates the image ariabesforb e, re ;a gree images
ob_ etector sca s a image ariabeforbobsofs eci csiea 1 te sit a ses the b ob’s
ce troi to ate a the i1 formatio of ocate ariabe Gree ,re ;a bac bobs roi e the

ocatio of other robots, trash, or astebas ets res ecti e

Gri  ersca er rea s the stat s of the gri era thei frare beam to etect the rese ce of
a obecti thegri er

Time etector ee s trac of ho m ch time has ea se si ce its acti atio a ates a bit
he e er a res eci e time hasea se

orget ariabes ee strac of the ast ate time of a ariabe a ecreases the certai t of
that ariabe ata res eci e rate

otor schemas are s eciai e  rocesses that are res o sibe for s ggesti g a irectio of motio
accor 1 g to the i formatio of ree a t ariabes  ome motor schemas se comma stoo t t
e icesas e see ig re fora e am e

o e_robot this schema se s a mo ecomma to the robot accor i g to a force ariabe

ombi eforces this schema com tes the eighte a erage of a ist of force ariabesa  stores
theres t1i a other force ariabe

ol _obstac e this schema com tesare si eforcefroma obstacere rese te b a ocator
arlab e a  the robot The res t is store 1 a force ariabe

oise this schema com tes aforce 1thara om irectio aftere er res ecl e time erio
The res t 1s store 1 a force ariabe

o e_to_goa this schema com tes a attracti e force from a ositio re rese te b a ocator
ariab e a  the robot The res t is store i a force ariabe

o egri er this schema o e s or c oses the gri er accor i gtothe a ei abit ariabe

Tem ora se e ci g, escribe 1 ectio ,isim eme te 1 si g state com o e ts tates
areste s1 a o era beha iora se e ce or each state, the beha ior at that ste 1 these e ceis
s eci e asa ist of motora erce t a schemas to be acti ate Tra sitio saree merate foreach
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OUTPUT
INPUT DEVICES,
DEVICES
SENSORS ACTUATORS
ENVIRONMENT S
ig re igh e e soft are architect re

state to s ecif co itio sa corres o 1 g e tstates that the robot sho fo o The states a

tra sitio s bet ee them escribe a high e e ite state a tomato hich, he e ec te ,
ea s to tas com etio 1 e the re io s ibraries, this o e oes ot co tai a s eciaie
com o e ts the states are i sta ces of a - that co tai saem t istsfor erce t a
schemas, motor schemas, a  state tra sitio s  rogrammers these ists i a ro riate 1 the

e see ig re fora e am e

ut nd on rn d

The robots com ete 1 three trias a the a com etitio at ach tria roie e 1 for
matio the team se tore e the robots’ soft are bet ee r s The mostsig i ca t robem co cer e
se of isio for astebas et ectectio

The o ce e iro me t at the com etitio site co siste of tabes ith oor e gth fabric s irts at

tache These ere ot sta s irts,the ere s irts ear ,this ma eitim ractica for the robots
to 1isti g ish astebas ets b b e coor The com etitio astebas ets ere isti ct bac ,so the bob
etector asmo 1 e tothresho o o era 1 te sit esstha agi e a e This or e reaso ab e,

e ce t that some items1 the e iro me t erei correct cassi e as astebas ets,ic 1 g
ista t ar areasi the are aceii g
obot trea s a  other ar areas er a robot chassis

ha o areasi the fo s of thes irts

The team foc se o correcti g these misi e ti catio s eii1 g areas ere ot a robem, si ce the
ere easi re ecte b their height i the image The areas er the other robots ere eimi ate b
oti g their re atio to the gree a es o the si e of each robot The sha o  areas i1 the s irts ere



ig re ec aratio of ariabesi a e

artia ha e b eimi ati gthem o the basis of their geometr ; b t the  timate ere the argest
imitatio of the isio s stem ri g the com etitio the robots ofte e osite ca s er the tab es,
1 stea of e t to astebas ets f there ha bee more time, it o certai ha e bee  orth hie to
f 1 estigate more a ter ati e isio strategies o 1 gbe o abasicbob etectio a roach to regio
segme tatio o robab 1o i e moree ecti e ob ect etectio a escrimi atio

other cha e ge at the com etitio co cer e acha ge the strateg for robots to trash  rigi a
robots ere rogramme to mo ei ara om irectio hie oo i1 g for trash or astebas ets refer to
the a eri g statesi ig re i ce there as som chtrash ro i e 1 the are a, it seeme that

a sita s1 a roach o  bemoree cie t The robots’ beha ior asmo ie b itro cigt o
a itio a states The robot a ter ates bet ee a state here it rotates fora e erio of time,a a
state here it mo esi ara om irectio The sita s 1 beha iorco ti es ti the robot etecte

the esire target The mo i catio asma eeasi ,si ceito 1 o e e iti g the ea 1
ot re irea recom iatio The strateg or e e robots ere s a abeto a lece of trash
or a astebas et after rotati gi  ace for a short time
other res ects, the s stem or e s r risi g e ri g com etiti er s, the robots aggressi e
ocate the bright coore so aca sa «co sistet aole co isios ith other robots The ra ge
estimatio as ites ccessf |, ith the robots amost a a sma i gtheir a mo eme tto ar aca
ithi a 1 ch of the o tima gri 1 g ocatio ce this a mo eme tis ma e, the camera oses sight of
the bottom of the b ob, so a a itio a bac a ac ireste isre ire if the trash oes ot tri the
gri er se sor ce trash as ac ire it as occasio a mista e ro e at the foot of a other

robot To obser ers, this oo e 1eaceerha o mae er he a other robot com ete the el er



ig re eci catio ofi tsa ot tsto erce t a a motor schemasi a



ig re e itio of states

ig re ec aratio of e icesi a
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