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Abstract

than just the ability fo navigate in the world, react to perceived situations or follow can run Corjcurrenle. he first one is the ExecMonitor sub-proce.ssl(for execufion and mom’ronng) that communicates with o experiment and vadlidate the MBA oThe metric map of the environment is We use U2S/Sparfacus, a UdeS wheeled
according fo the robot's capabiliies and the situations encountered. Navigation, och|evelh|gh-le\l/el ’ros<.s I DT\N The Planning sgb-process invokes a planner for planning the mission. The reactive planning inspired from the AAAI Challenge. In these = Locations are partially known : the robot  ranger finder for navigation. This robot is
capabilities that contribute to the decision-making processes of an autonomous robof. MBAPlanner ExecMonitor() : MBAPlanner Planning() : perform tasks specified by people in a the map by asking help or searching for Software
How can they be integrated while preserving their underlying principles, and not make while(frue) : while(true) : simulated conterence site. andmark. Plaver : low.level Interface for
the planner or other capabilities a central element on which everything else relies on? In e = waitForeventOrTimeout(); /| Detect and accept the possibility of an opportunity . . - 2 Tasks can be given using a graphical 4 o ,
| . . . . . | _ GiveConference . make a presentation at | , communicating with the hardware.
this paper, we address this question with an architectural methodology that uses o switch case(e) : |f(|olon.progresqus’rerThonPlonned() && | o predetermined locaton and at a iNnferface on the robot and/or directly MARIE : soffware int ' , T
planner along with other independent motivational sources to influence the selection newTask(7) : plan.nextTask().isReady(now + planningAvgDuration)) specific fime from a mission fext file. - SOTWAIS INTSGATON SIvIINMESTT.
of behavior producing modules. Influences of the planner over other motivational HisPlannablelask(7)) needreplan = true; 2 AttendConf  listen FlowDesigner / RobotFlow : execufion
sources are demonstrated in the confext of the AAAI Challenge rssion =1 o i O s 4 f control platform forsPMimplementation.
ge. needreplan = true; // Plan as heeded Pf@S@ﬂTC!TlOn OT.O Sp@leIC location durlng a 5 ° 2 ® 3 ConfPlan @ a HIN-based pk]nner with
ance"edTQSk(T) : if(neeo’re,o/an) : fixed perIOd of time. P P Onyﬂme and metrics COpObiliTieS.
'f(m/S'S/Q”-COnJ;OmS(T)) : neeadreplan = false; 2 AttendPoster : ook af a poster, specified CARMEN : localization and path planning
MMISSION == 1, by a location and a duration, during the  p6 ¢ + - aat
_ . ot - . . ' Or position tfracking and navigation.
o o o needreplan = true; /[ First . removing unachievable tasks - - - P
currentffask = <notask>; if(o/lanner.fastplan(f) == FAILURE) : " DeliverMessage : recelve amessage 1o a 3 ’ anhing bomdin
completedTask(/) : mission -= + person at an initial location and bring the 2 Navigation table with distances
( Motivations Q. e, m, rec Dynamic Task Workspace) if(f == currenttask) : workspace failedTask(#); message to another person af the > between each location pairs.
Ratonal [ > if(currenttask.isLastDecendendOf(currenttask.parent)) destination location. 8(:0‘ o|pl Dynamically computed as new
workspace.SetCompleted(currentTask.parent), /| Second : fry to detect mutex tasks by sufficient condition 2 Guard : guard a location during a fixed b e X locations are found.
CP|CIH ] q | Cgrr'enh‘ask = ,o/on:nexﬂosk(); for each TQS!< pair (11, 12) . time period. S — 1 Average speed of the robot.
Naviaate @PM Selec’rioEH 'f(m’SS’?”-CCi”:L?'”S(T)) - fempmission = {t1,12y 2 Explore : explore the environment by doing > 0 Operators with preconditions and
k[ J ]J L , nme’sesg’;ﬁ‘)/; 7 | = plan.contalnsDecendantOr 'f(pﬁggggf?*@%&ﬁi’}ﬁﬁ’ﬂ;iﬁ’% 72:) FAILURE): wandering and looking for interesting %\ i effects modelingthe robot’s actions.
> Tetnatugl - 7 7 failedTask(7) things (€.Q.: ’rra_ckmg symbols). | o | L ) pll oHIN ’.roslk’relmplq’reslos search controls.
BPM.AcCTivafions if( == currentfask) while(newplan == FAILURE) 1 Openinteraction : inferact with other p9 p10 1 Optimization criteria ;
CSG@CT TOS@ p.res | Q. e, m, rec currentfask = <notask> newplan = planner.plan(currenttask, mission); artendees. Help people or receive help as Office map exoerimentation o N | mepages
v Y Y needreplan = true; if(newplan == FAILURE) : needed. minimize (o traveldist + B* duration+y * Z waittime (m)) .
CAgendo ] BPM ) D,res sensedData(q) : mission -= lowestprioritytask(mission); i COnCIU sion
Explore - SNOW currentstate.update(q);
C ] Localize A | plan = newplan; The intelligence of a system depends on its
GUI (AVOid > O needreplan | = plan.validate(currentstate)==FAILURE; currenftask = plan.nextTask(); Exemples, TeS'l'S ﬂnd ReSU"S Sensing ACTl Ng and processing
BPM.Exploitation if(needreplan): monitorexec.sendTimeoutEvent(); . . b'I'T'I t taken individually but
SUIVi (GOTO > resetPlanningProcess|(); Complementarity of Motivational Modules capapliities, NOT 1axken INAlviaudlly dutr ds o
C HIVIVE ] - : : workspace seTRecomménda’rion(Currenﬁosk)' whole. The work presented here offers one
\_ ) Rest BPM Arbiiration ' ‘ ‘ ‘ @ solution by integrating different
Percepts ’éMove >j Commands Initial State Mission Planner Plan Instinctive Explore Planner Replan Trace Eﬂgr?ggqﬂlesgggﬁizu;gﬁzs Srlgggsesr 1;):
‘ . () > f.l ?:.91 _|Go::zgmcaﬁon(pé,1:105, o:o|) T i i ?OE . Gato(c1) | i i
T /} T Tasks Mangagement and Selection in MBA BT || Svodesanime-oistr | iR execufing Ifs plan by || i o an autonomous mobile robot. Just using o
, 3 ki . - e | | i R recommending a s o N ak lanner to select behavioral modes would
] i n " 5 o Op/ @ OLpZ 'DG'IVGI’MGSSGQG from ¢1 1o 7. G“’eMLm'ge‘l” I . I ProceedTo(p6) fask, fhe 2 JGO:::*’;Locaﬁon(pé,o15, 0:05) \96 /eézgge p
EnVIrOnmenT TqSk Llfe CyC|e TGSk SeleChOn f0r BPM ACfqu'l'lOnS { p7. Since ¢1 position is unknown, the Explore MM s When The:PbrII] VM s nofified - oos —Wif‘ho:oz reqUIre frequen generghon Of plOnS TO
| f ki d di findi . Give d i Receive : : :
. . MM, 1. MM, adds task f - Dynamic Task Workspace ~ pSE'\ 3 pl * Location €1 is unknown Qf gs(’?irrwr?c?’rrior? ?)Tﬁowr?g riogh %O go, Irsccof’?icr)T;mce'Ir.1 Trlwggforclzgs I’r?\g ?bbe?x;e;hepzpo;rljéonpﬁf Tﬁ; Messag%;.t $1 " handle dynam C Chdnges in real life
Mo'l'lvq'l'lons start. fo be sue fo guaraniee the GUIfo ask for help. Aperson  J o S5 G STl 4 - settings. Not using a planner makes it
cul cul cul accomplishment of the Guard | clicks on the robot’s touch an. B AskM l l o o ,
Motivational modules (MM) are high level independent modules that influence the &) MM addschidioskst GiveConference(p1, 1) DeliverMessage(p1, p2) AttendConference(p3, 12) ;’;J S T task, it assumes the worst case, that.  screen to show ¢4 position on gi\g pc-gli?/éhigsizsg;ee sis f:;s;i:g: o w1 difficult to anticipate and reorganize
, , , : p9 p . : : . ;
way that the robot is behaving. MM can add, modify, query and recommend tasks Pocin)=re Rectagenc=rec fime =0, RobotAt(p1) ot gonglops smensacton. | | e bofore Guard, e planner behavioral strategies. Our objective is to fry
in DTW. 8. MM, deletes | . | [to find the right balance between the two,
foskt MM, i o [ Mission Optimization and Failure Detection from the Planner using the planner as a motivational source
- ProceedTo(p1) FindPlace(p2) ProceedTo(p3)
Dynqmlc TaSk Workspace (DTW) ‘ Rec{Plan)=rec’ Rec(Explore)=rec- One objective with the MBA We generate random tests | S le Test ) adllowing the robot 1o act rationally by
DIW Is a central component that organizes tasks In a hierarchy using a tree-like T architectureisnottohaveone  that executed with and ample 1es Trace with Planner Trace without Planner selecting and segquencing primitive tasks.
structure, from high-level/abstract fasks to primitive/BPM-related tasks. gggfi;%n?ggtggngnoﬁhzhTﬁg W'Thotlg:re‘g'gmeffesfs Initial State Mission o
3.MM handestasstand |\ T TTTTTTTT TS | -  RobotAf(p1) * DeliverMessage(p2, p3, m1) 1=0:26 1=0:36 Guard
SVS'I'em Know How (SNOW) ’ marks it completed Survive Navigate Explore cul Navigat fgl’l?ee Tlamg,v Jg\i TRQZAGWOQ;S Tg Initial State o time = 0 :gtz\izr(ggssz%gr:(gﬁ)pé' m2) 5 Z ‘6/ 3
. . Avoid() Goto(x1, y1) AskForHelp(p2) Rest() Goto(x2, y2) . | _ RobotAHRand P| . i m: m po(@————— o __-- 3\ NP &
The SNOW is a rule-based template that maps low level tasks with BPM. ., s ok ot e Rec(Survive)-rec Rec(GU)=rec" gl‘j]"r?rjg]'vfo Trggf(')‘je(”gvrgrg: e g Ceem=reee) o e S | Astressage AskMessage
. . marks fask f completed e 4= . / o i‘:ftf:qge'pz,m] ‘ . F. Michaud holds the Canada Research Chair (CRC) in Mobile
B eh avior- Pr O du cin g M o dul es (BPM) e Sri rr“fr gchLTec,] nce of the Mission 3 ] eg?k»tps; L( ) | o | L A e _,:a_é: =003 Robofics and Autonomous InTeIIigeSn’r Systfems. Support for this
. . . . 2= Veto Selection Strategy RestBehavior ) . . 4. ‘fl eMessage(p3,m1 GiveMessa GiveMessage skMessage K i ided bv the Nat / ; q E ; ;
BPMs define how particular percepts and conditions influences the control of the “maistoomoees | mmm st | LT e o show thot MBA s ot 1andom et oy g€ M R e & i & Ressarch Council of Canada (NSERC), fhe Canada Research
rObOTIS OCTUOTorS- An OrbiTrOTiOn meChOnism (priOriTy-bOSed in ThiS imp|emenTOTiOn, iji;’)}i{é]’g,{{ﬁﬁé%%‘:‘;’m((:))gg(‘;ﬁ))) é\ AskGForHeIpBeI:\qvior centralized on A pIOnner, test  destination pIOCGS ; '2Lj;6elsaga(pe,mz; @ ] Chair program and the Canadian Foundation for Innovation.
' H ' “(t) : Direct positive recommendation for fask t otoBehavior - 9. * Gotops | | Q=== @/ pll pll
out other methods like fuzzy logic could be usedq] filters the commands generated Each MM is responsible for handling a subset of tasks in DTW and each task ) Dt nogahe eccmmenctn o WanderBehavior et ;’;’;‘;Smdeg*;i”s*;";iﬂ?ﬁ; T?i p.]ggref f:;{fﬁ'@i“”dom . ('):_1”( 23m. m) P9 P10 Many students on the project are supported by NSERC and by
oy BPMs bbefore applying them to the actuators. can be handled by one or more MM. In the case that more than one MM BPM Selection Behavior-Producing Modules operate and achieve totallyor - 1 or 2 AttendConference at 12, "= GuardLogation(p3, 36m, 5m) AskMessage A o the Fonds quebecois de la recherche sur Ia nature ef les
can handle a task, they compete for determining how to achieve the task. partially suomitted missions.  fandom places and fimes - Optimal plan for this test ) fechnologies (FQIRNT) programs. . o ®§gggg




