Lozano-P erez, T. and esley M.A. (1979). An algorithm for planning collision-free paths among olyhedral obstacles. Communic ations of the CM 22(10):560{570. Lozano-P erez, T. ebruary 1983. Spatial planning con�guration space approac h. IEEE ansactions on Computers C{32(2):108{120. Malcolm, C.A. (1987). Planning and Performing the ob otic Assembly of Soma Cub Constructions Master’s thesis, Departmen of Arti�cial In telligence, Univ ersit of Edin burgh. Malcolm, C.A., Smithers, T., and Hallam, J. (1989). Emer ging Par adigm in ob otic chite ctur AI Researc ap er 447, Departmen of Arti�cial In telligence, Univ ersit of Edin burgh. eshkin, M.A. and Sanderson, A.C. Decem er 1988. The motion of pushed, sliding orkpiece. IEEE Journal of ob otics and utomation 4(6). Selk e, K.K.W., Shen, H.C., Deacon, G.E., and Pugh, A. (1991). strategy for sensors and rules in exible rob otic assem bly International Journal of Pr duction es. 29(2):279{291. Shen, H.C., Selk e, K.K.W., Deacon, G.E., and Pugh, A. (1987). sensor- data driv en, rule based strategy for error reco ery in rob otic assem bly In Pr dings of NA TO dvanc ese ar ch Workshop on Kinematic and Dynamic Issues in Sensor ase Contr ol Sriniv as, S. (1976). Err or overy in ob ot Systems PhD thesis, Califor- nia Institute of ec hnology ylor, R.H. (1976). The Synthesis of Manipulator Contr ol Pr gr ams fr om ask-L evel Sp ci�c ations Rep ort AIM 282, Stanford Univ ersit 15 Bibliograph Albus, J.S. (1981). Br ains, Behavior, and ob otics BYTE Publications Inc. Bro oks, R.A. (1982). Symb olic Err or nalysis and ob ot Planning AI Memo 685, MIT. Bro oks, R.A. (1986). chieving rti�cial Intel ligenc Thr ough Building ob ots AI Memo 899, MIT, Arti�cial In telligence Lab oratory Bro oks, R.A. (1986). robust la ered con trol system for mobile rob ot. IEEE Journal of ob otics and utomation RA-2:14{23. Bro oks, R.A. (1989). rob ot that alks: emergen eha viors from care- fully ev olv ed net ork. In Pr dings of IEEE ob otics and utomation Confer enc pages 692{696. Brost, R. April 1986. Automatic grasp planning in the presence of uncer- tain In Pr dings of IEEE International Confer enc on ob otics and utomation Donald, B.R. April 1986. Rob ot motion planning with uncertain in the geometric mo dels of the rob ot and en vironmen formal framew ork for error detection and reco ery In Pr dings of IEEE International Confer enc on ob otics and utomation pages 1588{1593, San rancisco. Donald, B.R. (1988). Planning ulti-step error detection and reco ery strategies. In Pr dings of IEEE International Confer enc on ob otics and utomation pages 892{897. Donald, B.R. ebruary 1990. Planning ulti-step error detection and reco ery strategies. International Journal of ob otics ese ar ch 9(1):3{60. Gini, M. and Gini, G. (1983). ards automatic error reco ery in rob ot programs. In Pr dings of 8th International Joint Confer enc on rti�- cial Intel ligenc pages 821{823. Gini, M. and Smith, R.E. (1986). Reliable real{time rob ot op eration emplo ying in telligen forw ard reco ery Journal of ob otic Systems 3:281{ 300. Lozano-P erez, T. and Bro oks, R.A. April 1985. Appr ach to utomatic ob ot Pr gr amming AI Memo 842, MIT. 14 whic can used to in estigate appropriate lo lev el Beha vioural Mo dules and their linking to increase the comp etence of the system. 13 CONCL USIONS The ork in this pap er lo oks at increasing the reliabilit of Beha viour- based rob otic assem bly system pro viding appropriate alternativ es when it is deemed necessary These decisions are tak en the system designer, and can determined the use of lo cal information and sensory data ailable in the Beha vioural Mo dules. The ariation and uncertain presen in the rob ot system can dealt with completely in the on-line system. The decomp osition of the system in to separate planning and execution systems pro vides the adv an tages of simpli- fying the planning pro cess whic no longer needs to reason ab out rob ot motions and can plan instead for the more abstract part motions, and the execution system can deal with the translation of these part motions in to rob ot motions as required. This yp of system also pro vides the on-line Beha vioural Mo dules with the adv an tage of easily hanging oth the strate- gies whic are emplo ed, and the sensors whic are utilised, th us making the most of new tec hnology when ailable. These can slotted in to the system to pro vide new in terpretation of particular part motions. The system can gradually built up from lo lev el comp etence Be- ha vioural Mo dules, whic ha een designed and tested to ensure the ro- bust in teraction et een the hardw are, soft are and the task itself, creating system of higher comp etence as the lev els increase. This yp of partition- ing allo ws the simpli�cation of individual Beha vioural Mo dules while not limiting the complexit of the system itself. As the system deals with the ariation and uncertain as it ccurs within the on-line system, it is not necessary to remo the failure in terpretation from the con text in whic it ccurs. The diagnosis can tak place within its con text, and the testing of the system in the ork cell ensures that the most lik ely solution can determined. The ccurrence of ossible error situations can sp otted due to the close relation et een sensing, action, soft are, and hardw are within the Beha vioural Mo dules. These can also recognised quic kly allo wing the system to immediately halted or erform alternativ actions, rather than going on to erform inappropriate actions. It is hop ed that this yp of Beha viour-based system arc hitecture can used to pro vide reliable assem bly system. Although initial exp erimen ts ha een erformed to examine the use of Exit States, the Ideal Execution ath and Alternativ Execution aths, the ideas ha et to tested on complex system. useful basis for future exp erimen tation has een built, 12 Figure 2: Find Cub op Beha vioural Mo dule. alue is then hec ed lo cally to determine if the guarded motion did not encoun ter Soma part and therefore ended up triggering the sensor at the lev el of the ork cell o or. The alue is also compared to see if it corresp onds to nominal exp ected heigh for the top of the cub e. If it do es, then the Beha vioural Mo dule is exited with Exit State CT1. On the other hand, if the sensor has triggered at the heigh of one of the hamfers on the cub e, simple alternativ Beha vioural Mo dule can used to erform searc strategy to �nd the actual top of the Soma part, using the Beha vioural Mo dule Find Cen tre In this example, the Ideal Execution ath for the Beha vioural Mo dule follo ed the con trol path, FH1, ‘Not o or heigh t’ and ‘Correct cub size found’. The Alternativ Execution ath follo ed the con trol path FH1, ‘Not o or heigh t’, ‘Incorrect cub size’, and ‘Chamfer’. 11 As with Albus’s hierarc hical approac to the use of serv o-mec hanisms (Albus, 1981), this metho attempts to bring the system bac to correct state where the assem bly can con tin ue as originally planned. Whereas Al- bus’s approac separates the con trol hierarc and the sensory-pro cessing hierarc using an in ternal orld mo del to link them, this metho links the sensors and task at the lev el of the Beha vioural Mo dule. The system do es not need to kno or reason ab out sensor yp es, whic can di�eren dep ending on the hosen Beha vioural Mo dule. Due to the design of the ab yp of system, it is able to con tain the problem of ariation and uncertain in the on-line comp onen of the system. This means that, unlik in man other systems, reco ery is ossible at di�eren lev els of the system, with no outrigh failure un til the top of the hierarc is reac hed. This allo ws the system great exibilit in dealing with the problem dep ending on what sensors and strategies are ailable to the system. An attempt can made to rectify particular failure at lo lev el, but if this do es not succeed, it ma still ossible to use an alternativ at higher lev el. If the Pic k-up-Metho d-2 Beha vioural Mo dule in Fig. ere not ailable at that lev el of the hierarc to attempt to pro vide an alternativ e, the failure could passed out as the Exit State DEMO-C, and the failure could tac kled at the lev el from whic the Beha vioural Mo dule Demonstration as called. FIND CUBE TOP EXAMPLE An example of the ab yp of alternativ Beha vioural Mo dule use can found in an implemen ted example whic as part of system to assem- ble Soma parts in to large shap e. Eac Soma part consists of hamfered cub es glued together to form irregular shap es. The Beha vioural Mo dule describ ed elo is part of larger strategy to lo cate the accurate osition and orien tation of suc part as it sits in the ork cell. The Find Cub op Beha vioural Mo dule, seen in Fig. 2, utilises guarded motion Beha vioural Mo dule, called Find Heigh to return oin on the top of the Soma part ab the surface of the ork cell mo ving ertically do wn ards er the part un til sensor on the tip of the gripp er �ngers is triggered. The Beha vioural Mo dule Find Cub op is comp osed of the Beha vioural Mo dules, Find Heigh and Find Cen tre The rest of the Beha vioural Mo dule is comp osed from rob ot language co de. If alid heigh is returned, the Exit State FH1 is returned from Find Heigh This 10 ork cell eing out with its comp etence, or whether it partially completed the task, but then failed (suc as part falling from gripp er during transp orting motion). This is useful information whic can used to de- termine whether there are other Beha vioural Mo dules whic could cop with the un usual situation and bring the system bac to the Ideal Execution ath. Alternativ Execution aths can also en tered in to information from the planner. The planning system do es not kno an ything ab out the di- mensions of the parts and the ork cell, but the on-line system, has this kno wledge and can determine if alternativ Beha vioural Mo dules should used due to, for example, the heigh of an assem bly ecoming to great for the normal metho of inserting part. In Fig. 1, giv en the Ideal Exe- cution ath follo wing the con trol path PUM1-A, ‘Data Correct’, and P-A, an Alternativ Execution ath is ailable through Pic k-up-Metho d-2 if the Exit State from Pic k-up-Metho d-1 is PUM1-B. If this Beha vioural Mo dule then has Exit State PUM2-A, then the task returns to the Ideal Execution ath and assem bly can con tin ue as efore. An example of this yp of alternativ can found if simple touc sensor is normally used to lo cate part in the ork cell. If this fails to �nd the part in its nominal osition, vision system ma ailable whic can scan larger area and th us deal with greater ariation in the initial part ositioning. The exten to whic the system follo ws the Ideal Execution ath can tak en as measure of the suitabilit of the Beha vioural Mo dules hosen to erform task. Extensiv deviation to Alternativ Execution aths sho ws that the Beha vioural Mo dules on the Ideal Execution ath are not the est suited for the task, whatev er the criteria for their original hoice. If man deviations are made from the Ideal Execution ath on to an Alternativ Ex- ecution ath from normally reliable system, this ma also indicate that, for example, feeder has mo ed out of osition and needs resetting. The system can still ept running while the problem is in estigated, using the Alternativ Execution ath Beha vioural Mo dules to prev en failure un til the source is lo cated. Alternativ Execution aths ma consist of Beha vioural Mo dules, or ma merely erform lo cal rob ot commands, dep ending on the exten of the deviation from the Ideal Execution ath. Alternativ Execu- tion aths are incorp orated the system designer to bring the system bac to state where it can con tin ue without external in terference. The Alter- nativ Execution ath ma simply retry the original Beha vioural Mo dule whic returned failed Exit State if it is ossible that it ma succeed in the correct task if rep eated. The Alternativ Execution ath ma instead emplo di�eren sensor yp if ailable, or ma use di�eren strategies. EXECUTION THS The Ideal Execution ath and the Alternativ Execution aths are de�ned con trol paths through the hierarc of the Beha vioural Mo dules. These paths can follo ed using the Exit States of Beha vioural Mo dules plus lo cal con trol decisions. The Ideal Execution ath describ es the est route, according to the system designer, through the Beha vioural Mo dules erform- ing the assem bly Ev en though the Beha vioural Mo dules are designed and tested to reliable, it can demonstrated that they are not alw ys er- fect at erforming the assem bly task, and therefore, alternativ Beha vioural Mo dules, those on an Alternativ Execution ath, can included to restore the system to the Ideal Execution ath without recourse to the planning sys- tem. Alternativ Execution aths can used when Beha vioural Mo dules on the Ideal Execution ath fail to correctly erform their task due to the actual ork cell conditions eing out with the comp etence of the mo dules. The Ideal Execution ath describ es con trol path through the Be- ha vioural Mo dule hierarc determined Exit States from Beha vioural Mo dules and other lo cal information ailable to the system from the plan. In the example in Fig. the Ideal Execution ath for the task erformed the Beha vioural Mo dule, Demonstration can designated as follo wing the con trol route through Pic k-up-Metho d-1 with Exit State PUM1-A, through the lo cal rob ot co de with con trol path ‘Data Correct’, and through the Beha vioural Mo dule Place with Exit State P-A. In this instance, the re- turned Exit State, DEMO-A from Demonstration ould signify that the task had een successfully completed. In another call of the Beha vioural Mo dule in di�eren con text, the Ideal Execution ath ma designated as follo wing the con trol route through Pic k-up-Metho d-1 with Exit State PUM1-B, and through Pic k-up-Metho d-2 with Exit State PUM2-B, lead- ing to returned Exit State of DEMO-C from Demonstration if the task is successfully completed. In an assem bly an Ideal Execution ath can iden ti�ed the designer of the system whic re ects the est in whic the assem bly can erformed. The criteria for this can div erse, ranging from time tak en to erform the Beha vioural Mo dule, to the ease of using alternativ strategies on failure. If the Ideal Execution ath Beha vioural Mo dules fail, or the ork cell con- ditions are suc that they are no longer the est mo dules ailable for the task, other Beha vioural Mo dules ma ailable whic can cop with the problem encoun tered. The Exit States can sho whether the Beha vioural Mo dule could not attempt the task due to the conditions in the ph ysical Beha vioural Mo dule. As Beha vioural Mo dules can reusable in di�eren situations, the con text in whic they are called pla ys an imp ortan part in determining whether the correct Exit State has een returned for one particular call. The concept of Exit States will explained further in the next section. EXIT ST TES The Exit States of Beha vioural Mo dule re ect its in ternal con trol struc- ture, with only one Exit State returned for eac of its calls. The exp ected Exit State ma di�eren dep ending on the con text in whic it is called. This information, passed up through the hierarc in one parameter, can used the calling higher lev el Beha vioural Mo dule to determine if that lo lev el Beha vioural Mo dule has successfully completed its assigned task. In the example in Fig. 1, the Beha vioural Mo dule, Demonstration can ha Exit State DEMO-A, DEMO-B, or DEMO-C, dep ending on whic route has een tak en within the Beha vioural Mo dule. The Exit States for particular Beha vioural Mo dule are determined from lo cal data, sensor data, and from Exit States returned from lo er lev el Beha vioural Mo dules. As Beha vioural Mo dules can general purp ose and used in di�eren parts of the system for di�eren tasks, these Exit States pro useful to sho what actually happ ens within the Beha vioural Mo dule in an one calling. Beha vioural Mo dule designed to erform guarded motion ma called on one ccasion to delib erately bump in to surface, et on another ccasion ma exp ected to mo to sp eci�c oin without an in terfer- ence. The Beha vioural Mo dule can designed suc that its Exit States will di�eren when oth calls correctly erform their assigned task. If, on examining the Exit State of Beha vioural Mo dule, it is found that the mo dule has failed to erform the task required of it in the con text of its calling, it is then ossible to use this information to try to prev en the system from automatically falling in to an error situation whic requires uman in terv en tion. Using com bination of Exit States from lo er lev el Beha vioural Mo dules, and sensory and planner information particular to the calling Beha vioural Mo dule, the Ideal Execution ath and Alternativ Execution aths for system can determined. The use of these to pro vide more reliable system can seen in the next section. Figure 1: An example of Beha vioural Mo dule. Built in hierarc hical fashion, eac Beha vioural Mo dule can comp osed of an com bination of other Beha vioural Mo dules, rob ot commands in rob ot con trol language, and purely computational mo dules. The Beha vioural Mo dules can designed implemen ting basic lo lev el comp etences and using these as building blo ks to construct higher lev el Beha vioural Mo d- ules with corresp ondingly higher comp etences. heigh determining Be- ha vioural Mo dule can comp osed of series of guarded motion Beha vioural Mo dules. Figure sho ws an example Beha vioural Mo dule Demonstration whic is comp osed of the lo er lev el Beha vioural Mo dules called Pic k-up- -Metho d-1 Pic k-up-Metho d-2 Place and some rob ot language co de. This diagram is used throughout the rest of the pap er to illustrate the ideas presen ted. Emphasis is placed on using information directly from the real orld as uc as ossible, leading to tigh linking of the soft are, hardw are, and the task. Beha vioural Mo dules are designed, implemen ted, and tested in the real ork cell, th us ensuring that they are correctly adapted to the hosen en vironmen t. As far as is ossible, the ariation and uncertain presen in the task for whic the Beha vioural Mo dule is designed is dealt with inside the mo dule using ariation-reducing strategies devised the designer and correctly adapting sensors to the task. As the planner pro vides only part motions, and do es not dictate ho these part motions will erformed (unlik some systems where eac rob ot motion is sen do wn from the planner), the execution system has complete freedom to in terpret these part motions according to what Beha vioural Mo d- ules are ailable. This yp of system can pro vide the exibilit to hange old strategies with new and impro ed ones without hanging the in terface to the planner. The Beha vioural Mo dules can designed to limit the complex- it of the individual Beha vioural Mo dules without limiting the complexit of the system. This means that full use can made of in tro ducing new sensors in to the system or designing new strategies to erform sub-task. The hierarc hical structure of this yp of system also allo ws Beha vioural Mo dules to slotted in to the execution hierarc to pro vide alternativ comp etences if these are required. Sections and lo ok at ho appropri- ate information can made ailable to direct the con trol path to these alternativ es when necessary Eac Beha vioural Mo dule is designed to allo the use of sensors to closely monitor its erformance while erforming its task. There is no concept of success or failure within Beha vioural Mo dule, but instead there are um er of Exit States whic corresp ond to the con trol paths ailable in the separate information pro cessing functions. mo is made from col- lecting and pro cessing data to form single represen tation of the orld in whic the rob ot op erates, to in tegrating sensor information at the lo est ossible lev el to direct more resp onsiv eha viour. This allo ws real time con trol of the mo dules whic can resp ond to in ternal action priorities and to external orld constrain ts (Bro oks, 1986a; Bro oks, 1986b; Bro oks, 1989). THE SOMASS SYSTEM An example of Beha viour-based rob otic assem bly system is pro vided the SOMASS system (Malcolm, 1987; Malcolm et al, 1989). This system pro vided basis for exp erimen tal ork to test the ideas whic are examined in this pap er. The SOMASS system pro vides complete assem bly system for building Soma shap es from the planning stage through to the actual as- sem bly an Adept rob ot. The SOMASS system is divided in to parts: the planning system and the execution system. The planner do es no explicit reasoning ab out the ariation or uncertain presen in the real orld of the assem bly ork cell, but instead lea es the problem of dealing with this to the on-line execution system. The assem bly task is planned in terms of part mo- tions whic are realised in the rob otic assem bly cell Beha vioural Mo dules whic are designed and engineered to cop with certain amoun of ari- ation in the ork cell. The planner uses some implicit assem bly rules, suc as putting the parts in to the assem bly ertically do wn ard, whic help to increase the reliabilit of the system. Since the earliest system emplo ed no external sensing, it relied on ariation-reducing motion strategies to increase the reliabilit within the Beha vioural Mo dules in the on-line system. An exp erimen tal system as dev elop ed in this framew ork to examine the use of sensors to reliably link the comp onen Beha vioural Mo dules. The orig- inal SOMASS planner whic pro vided part motions, as retained, but the Beha vioural Mo dules and the structure of the on-line system ere hanged to incorp orate the ideas in this pap er. The ork describ ed here examines the structure of this yp of system, whic includes sensors to allo decision making and hoice of future actions. BEHA VIOURAL MODULES The Beha vioural Mo dules in this ork are regarded as mo dular units whic com bine hardw are and soft are to reliably erform task in the real orld. of the failure. This leads to problems in kno wing ho uc information is needed to uniquely determine what has ccurred as, in di�eren con texts, similar sensor readings ma represen di�eren problems. It is only ossible to diagnose what has een sp eci�cally included in the kno wledge base. orst Case Analysis systems concen trate on pro ducing plans to pro vide systems whic will nev er fail, giv en the constrain ts imp osed on the system the designer. This metho tries to guaran tee that the plans whic are pro duced will alw ys ork. Muc use is made oth of mo delling the ork cell and mathematically analysing the task, leading to computationally exp en- siv systems. Researc in to this yp of system ranges from �ne motion planning (T ylor, 1976; Bro oks, 1982) to planning the task in con�gura- tion space (Lozano-P erez esley 1979; Lozano-P erez, 1983). Later ork expands the use of con�guration space to complian �ne-motion strategies (Lozano-P erez Bro oks, 1985). Donald (Donald, 1986; Donald, 1988; Donald, 1990) examines the problem of the failure of suc plans when the goal state cannot reac hed. ork has also een done on mo delling the me- hanics of manipulation (Brost, 1986; eshkin Sanderson, 1988). By the ery nature of this yp of ork, it lo oks at dealing with the orst ossible scenario whic could faced the system, and attempts to �nd plan whic will ork in these tigh constrain ts. This precludes man strategies due to the necessit to erestimate the tolerances in the ork cell, whic will ork in the real ork cell, and often rejects man whic are useful and e�cien t. Comp eten Execution Systems, one yp of whic h, the Beha viour-based approac h, is used as the foundation of the ork presen ted in this pap er, plan for simpli�ed ideal orld and rely on the run-time comp onen of the system to reliably erform the assem bly and deal with the ariation and uncertain These systems rely on making information ailable when the system needs it and mo dularising the assem bly pro cess to enable useful incorp oration of sensory data at appropriate oin ts. Examples of this yp of system arc hitecture can found in (Albus, 1981), and ork on Information Space, whic partitions the sensory input in to areas whic ha asso ciated actions to eep the assem bly on the correct path, is describ ed in (Shen et al, 1987; Selk et al, 1991). The main researc problems asso ciated with this metho are �nding useful mo dular oundaries, determining the mo dular arc hitecture of the system, and deciding ho to in tegrate high lev el con trol to ac hiev long term goals. The Beha viour-based approac to programming rob ots attempts to de- comp ose the task in to reliable task ac hieving mo dules rather than in to the INTR ODUCTION major problem with the use of rob ots to erform assem bly tasks is the presence of ariation and uncertain in the ork cell. ariation in part dimensions and ositioning, and the uncertain in tro duced in to the rob ot system when using sensors to more accurately measure ork cell and part ariation, can com bine to pro duce an error situation whic requires uman in terv en tion to restart the system after an unsuccessful assem bly attempt. This has led to tigh tly engineered rob otic systems whic h, lik sp ecialised hard automation systems, are sp eci�c to particular application and th us lose the generalit and exibilit originally promised the in tro duction of rob ots to assem bly Researc in to the failures of rob otic assem bly systems due to ariation and uncertain in the system has led to the dev elopmen of sev eral strategies designed to pro duce rob ot systems whic can erform reliable assem blies. These strategies range from incorp orating sensors sp eci�cally designed to catc particular recurring error, through automatic monitoring systems, to manipulation strategies designed to reduce the ccurrence of errors. The metho ds can divided in to three categories, 1. Error Detection, Analysis, and Reco ery Strategies. 2. orst Case Analysis. 3. Comp eten Execution Systems. Error Detection, Analysis, and Reco ery systems approac the problem of pro viding reliable systems allo wing errors to ccur during the running of the assem bly and attempting to erform actions to reco er the system from an error situation (Sriniv as, 1976). The assem bly system is run un til failure is detected, diagnosis is made of the cause of the problem, and reco ery actions are planned for and erformed. Muc researc has gone in to automating the ab pro cess, with concen tration fo cusing on in tro ducing sensing to monitor the ork cell in order to detect the failures, and setting up kno wledge bases oth to determine what has ccurred and to decide up on the est course of action (Gini Gini, 1983; Gini Smith, 1986). This requires the comparison of exp ected and actual sensor alues, and the extraction of enough data from the on-line system to determine the cause This term is de�ned di�eren tly in this ork from its normal use in literature where sensors are usually seen as reducing uncertain BEHA VIOUR-BASED OBOTIC ASSEMBL SYSTEMS: RELIABILITY OF BEHA VIOURAL MODULES. Myra S. Wilson. Departmen of Arti�cial In telligence, Edin burgh Univ ersit orrest Hill, Edin burgh, EH1 2QL. 23rd ISIR Conference, Barcelona. Octob er 1992. Abstract This pap er examines metho of impro ving the reliabilit of Beha viour- based rob otic assem bly system. Rob otic assem bly systems in general suffer from the problem of ariation and uncertain build up whic causes fail- ure to complete the assem bly correctly The Beha viour-based approac to rob otic assem bly lo oks at decomp osing the task in to mo dular units, called Beha vioural Mo dules, whic reliably erform the assem bly task. Ev en so, these Beha vioural Mo dules can still fail due to the ork cell conditions eing out with their comp etence. This pap er examines metho of using appro- priate lo calised information to pro vide alternativ es in the ev en of suc failure. This in tro duces the concept of Exit States (whic inform the system of whic in ternal con trol path as tak en through Beha vioural Mo dule), the Ide al Exe cution Path (the est con trol route through the hierarc of Beha vioural Mo dules), and lternative Exe cution Paths (an alternativ con- trol route con taining Beha vioural Mo dules whic can used in the ev en of failure). Keyw ords: Rob otic Assem bly Reliabilit Beha viour-based, Exit States, Ideal Execution ath, Alternativ Execution ath. The author wishes to ac kno wledge the �nancial supp ort of SER and the sup ervision of Dr T. Smithers and C.A.Malcolm during the dev elopmen of this ork.