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Abstract 
Taking efficiently robustness into ac count in a production system involves to take 
perturbations as « normal events» in the control architecture. In order to reduce 
reaction times, the global robustness of a production system can be improved by 
implementing a distributed control architecture. For this purpose, we propose to 
design a distributed autonomous control architecture, based on behaviour based 
principles. Then, collaboration between elementary controllers is described with 
particular languages taken from real time and telecommunication fields. 
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INTRODUCTION 
Controlling a production system involves to co-ordinate several elementary 
specialised controllers as workshop control, material requirements systems 
(Biennier et al., 1993) ... The descriptions ofsuch a complex system can be directed 
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by resources as in Craye and Gentiana (1989), tasks as in Bonetto (1987) or by 
cognitive point of view as in Caillau et al. (1989) or in Rasmussen and Lind 
(1982). Such a decentralised organisation can improve reaction abilities and 
consequently the global robustness of the production system. Nevertheless, 
collaboration between controllers must be taken into account to insure agiobai 
consistency and reduced answering times. 

So we will first describe the robustness concepts and requirements before 
setting the basic autonomous control features and describing how these elementary 
controllers can collaborate. An example based on the AIPRAO flexible workshop 
will be presented in order to illustrate the proposed approach. 

2 ROBUST CONTROL OF A MANUF ACTURING SYSTEM 
Manufacturing systems are managed by different controllers, each ofthem devoted 
to a particular task or resource and even divided according to different temporal 
horizons. Introducing robustness in manufacturing control systems aims to make 
them more resistant to perturbations and to improve their reaction abilities. 

Roughly, robustness of a production control system can be defined as its ability 
to « absorb» perturbations. Perturbations can be defined as 'non predictable 
events'. This involves two main classes ofperturbations: 

- some perturbations can be identified BUT one never knows when they can 
happen. For example, processing activities consume tools. This can be 
computed and weil identified. Nevertheless, it is not possible to compute the 
exact moment when the tool will be broken, 

- some perturbations are not known apriori: they are due to main changes in 
the production context. 

These perturbations can be integrated at different levels in the 'production 
decision system' : 

- identified perturbations can be taken into account as normal events in the 
production decision system. For this purpose, these perturbations must be 
weil described: 

* how they can be identified, 
* what are their consequences, 
* how they can be planned, 
* how they can be processed, 

then, they can be integrated in the planning process as a goal or they can also 
be integrated in the decision process when it is described as a finite state 
automaton. 

- unidentified perturbations can be processed only when they occur; 
consequently, they are only concemed by « reactions}) of the decision 
system. After they occur, they can be identified and added to the identified 
perturbations if they do not involve an important cost in the decision 
function. 

Consequently, two kinds ofrobustness can be defined (figure 1) : 
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- On one hand, control sequences can be intrinsically robust, i.e. they are able 
to absorb different kinds of perturbations without affecting the global 
performance. This is what we call the intrinsic robustness. Of course, this 
kind of robustness mainly deals with predictable perturbations. 

- On the other hand, control sequences have to be modified to absorb some 
perturbations to maintain the global performance. This is what we call 
dynamic robustness. This kind of robustness deals with both predictable and 
non identified perturbations. 

~cro~ 

Figure 1 : Static Vs Dynamic robustness. 

Intrinsic robustness involves to take perturbations as "normal" events in the 
planning process. So, the point consists in making an heavy use of margins and in 
choosing the more robust heuristic, i.e. the one that fits the best to the production 
context (perturbations can be ineluded as weIl in the context). For this purpose, 
neural networks can be used (as in Guillard et al. (1991) or Rabello et al. (1993)) 
to elassify different scheduling strategies or heuristics according to the production 
context. Moreover, if the scheduling process exhibits convenient performances, 
such a system can adapt continuously the scheduling strategy to the context. In this 
case, dynamic robustness is improved as weil. 

Dynamic robustness is quite elose to reactive abilities. When aperturbation 
occurs, the production system must adapt its control sequence to preserve the 
global performance. According to this point of view, the control architecture 
should be as elose as possible to the system. For this purpose, sm all autonomous 
controllers seems to be a convenient solution. 

Communication between intrinsic robustness and dynamic robustness can be 
provided by a ' robustness supervisor' (Biennier et al., 1995). Depending on the 
incoming event, the supervisor evaluates if areaction is needed and which decision 
system has to react. Then these experiences are capitalised in order to improve 
intrinsic robustness (figure 2). 
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Figure 2: Principle ofthe robustness supervisor. 

By this way, global robustness is improved and 'on line' adaptation can be used 
to integrate 'unidentified perturbations' into account. 

3 AUTONOMOUSCONTROL 
Increasing dynamic robustness can be achieved by increasing reaction abilities. 
Decentralised organisation involves also autonomous controllers. For this purpose, 
we propose to build a self-organised system based on reactive controllers. 

In 1986, R.A. Brooks proposed a new control approach called 'Behaviour based 
control' or 'Reactive control' (Brooks, 1986). The basic principle of this 
architecture is very simple: intelligent control is not directly related to the 
complexity of adecision centre. Since systems are qualified as 'intelligent 
systems' according to the behaviours they exhibit, Brooks proposed to base robots' 
decisions on their desired behaviour and coupled directly perception to action 
without using any representation ofthe external world. 

Such an approach improves self organisation and controllers exhibit robust 
behaviours. That is why we use this architecture to implement basic controllers for 
autonomous conveying robots. By this way, the decision process consists only in 
reactions to the environment and there is no description of the workshop. 
Consequently, dynamic robustness is improved. Simulations have shown that the 
self-organisation of this conveying system gives good results (Beslon et al., 1995) 
and is pertinent to implement robust control. 

Nevertheless, such approaches rely totallyon the graph of behaviours. When the 
number of modules increases, this network becomes quickly hard to build. A 
methodology and a conception language may help the designers to build evolved 
controllers but leaming algorithms appear as a possible solution to build 
automatically complex behaviour based controllers (Maes and Brooks, 1990). 
Nevertheless, none ofthese approaches takes collaborative features into account. 
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4 COLLABORA TIVE CONTROL 
Collaborative control of a production system involves first to define the global 
decision system and the way it is distributed among elementary controllers. For 
this purpose, two main strategies can be used (figure 3): 

- the decision architecture is a 'task driven architecture': in this case, a 
controller is defined for each task and may control different resources (a) 

- the decision architecture is a 'resource driven architecture' : in this case, a 
controller is attached to each resource and may be used by different tasks (b). 

1 Controller 'I ' . . Conveyor 
L-__ ---' 

Production management orders 

(a) a task driven architecture (b) a resource driven architecture 
Figure 3: Descriptions of a same decision process. 

Co-operation between controllers can be achieved in different ways: 
- directly, ifthe output ofa controller is used as an incoming event by others; in 

this case, reaction times are related to the number of connected controllers 
between an event to the final answer, 

- indirectly, if controllers communicate only thanks to the environment they 
share; in this case, the main problem relies on the inertia of the environment: 
controllers can react only when they can detect a significant event, 

- at the 'knowledge level', if controllers can share a common information and 
knowledge system; by this way they can anticipate changes in their common 
environment. 

The collaborative architecture we propose is a layered architecture (figure 4): 
- Elementary controllers are gathered into an hypergraph structure in order to 

provide a communication at the knowledge level, so each elementary 
controller can have a global point of view on the system (Biennier et al., 
1993). This feature is achieved by using epigenetic cognitive hypermaps, an 
extension ofKosko's cognitive maps (Kosko, 1986). 

- Indirect collaboration is improved with a 'news group' mechanism. Each 
controller is related to a list of incoming events and in a symmetrical way, 
each identified event is related to a list of controllers. By this way, a 
controller can anticipate its reaction and processes the event BEFORE being 
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informed of its effects on the environment. Of course, unidentified events are 
processed traditionally according to the action they have on the environment. 
Nevertheless, in order to improve intrinsic and dynamic robustness, they can 
be inserted in the incoming events list just after their first processing, 

- Direct collaboration is related to a graph of elementary controllers. 
Consequently, each controller can export some events or parts of its context 
to other controllers. This mechanism is similar to the import / export 
mechanism defined in ESTELLE (lSO/TC97/SC211WGl6-1, 1988) or SDL 
(CCITT, 1985). A broadcast mechanism is also available in order to provide 
the same information to all the controllers belonging to a communication 
network. 

CTRLl CTRL2 

Event collector Event distributor 

I Mailing manager 

Decision 
knowledge 
management 

Contral 
Graph 

Figure 4: General organisation ofthe global architecture. 

The global decision process can be described with complementary tools taken 
from real times systems as SADT methods introduced by (Ross 1977) or the LA4 
system described by (Schwarz et al. 1994) and from the telecommunication fields 
as SDL (CCITT, 1985). By this way different abstraction levels and precise formal 
descriptions can be achieved in a similar way as concurrent engineering activities 
are described (Biennier et al. 1994). 

As the communication network architecture is related to the information flows 
and to the time constraints, the communication graph used for the direct 
collaboration can be partly deduced from the network architecture. In a similar 
way, high level network addressing features can be used to identify the different 
decision systems and their hierarchy. 
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This communication architecture can also be taken into account in order to 
adapt the information flows to the communication features. For this purpose, 
different levels can be defined and decision functions can be physically distributed 
among different elementary decision and processing units (figure 5): 

- level 0 consists in field bus: it should be a low cost network, with short 
answering times; it connects sensors and actuators; This instrumentation level 
uses particular communication protocols as IEEE488 (Standard IEC 625). 
Fieldbus (standard EN50170) as WFip (norm UTE C40-60 1/46-607), 
Profibus or Pnet offer a good solution for this level. It allows to guarantee the 
coherence of the information in a multipoints network. WFip uses MMS 
(ISO standard IS 9506/1 and 9506/2) at OSI Application level. 

- level 1 consists in connecting machines, responsible for a set of operations; 
orders are given by level 2 and this level co-ordinates and processes 
information and tasks achieved in level 0; communication at this level uses 
particular software specifications with critical answering time; this is done 
for example in the MiniMAP standard (standard ISO 8802.4); Ethernet 
(standard ISO 8802.3) or TokenRing (standard ISO 8802.5) can also be used. 

- level 2 manages the workshop and has to co-ordinate a set of machines; it has 
to download processes on the convenient machines, control and synchronise 
different tasks ... For this purpose tools as MMS (ISO standard IS 950611 and 
9506/2), can be used efficiently; 

- level 3 is the main network: answering times are no more critical at this 
levels; it connects the different CAX systems and the communication 
requirements consists mainly in file transfer and control or in message 
interchange; consequently, traditional tools as files transfer (FT AM, FTP), 
shared files (NFS, Windows NT, Netware), or E-mail (X400, SMTP). 

"';::;::;:::;:;:;:;:::j'I 

~~~"" ~.....,....,..,..a.,~~ Level 0 Automations 

Figure 5: Organisation of different network features. 

Moreover, this 'adjusted' distribution favours a modular definition of the 
decision process, and a convenient choice ofthe communication software. 
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5 EXAMPLE 
Depending on the control organisation (a task driven approach or a resource driven 
approach), different architectures can be buHt for a same system. In the following 
example, we present briefly these two strategies applied to a part manufacturing in 
the AIPRAO flexible workshop presented figure 6. 

ROCAD 
(University 
ne!work) 

Figure 6: Synoptic ofthe AIPRAO physical system. 

Manufacturing a part involves to co-ordinate both the conveying system, robots 
and machines. The global architecture for the two main strategies will be described 
with the LA4 and SDL graphicallanguages (figure 7). 

(f}Task 

Infinite loop 

Sequentiai 
process 

8 Mailbox 

tzJ Semaphor 

< .• -=.-.=> Ressource 

(a) LA4 graphicallanguage 
Figure 7 : Graphicallanguages used 

5.1 Task driven description 

~ State 

~ Incoming event 

c::::::> Output event 

o Test 

c=J Process 

(b) SDL graphicallanguage 

Such an organisation is rather linked to a 'planned organisation' after choosing a 
particular process, different systems are collaborating to achieve a particular 
process. 

In a task driven organisation, each task can be seen as a particular behaviour. 
Consequently, a general graph of behaviour is linked to the global workshop in 
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order to select the convenient control processes depending on the context (8a). 
Then , each elementary behaviour consists in: 

- an evaluation process which computes the interest level of selecting this 
behaviour according to the context, 

- a description ofthe control system associated to this particular behaviour. 
For this purpose, the different controllers MUST be synchronised. This can be 

formalised with a general synoptic using the LA4 language (8b). Then, different 
controllers are Iinked to the tasks and described in SDL automata (8c, 8d). 

(8a) : Behaviour 
control of a task 
workshop. 

based (8b) LA4 description of the process 'part 
driven manufacturing'. 

(8c) SDL automaton of 
conveying controller 
Figure 8 : Task driven contro!. 

the (8d) SDL automaton of a machine 
Controller 
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5.2 Resource driven approach 
In this case, reaction abilities are developed for each controller and such an 
architecture is quite elose to a self-organised control system. In his case, there are 
no general control structure: each controller is designed to take into account 
different events. Consequently a graph of behaviour is attached to each controller 
(figure 9a) shows the elementary graph associated to a line controller). Then, 
contextual behaviours can be described in SDL automaton (figure 9b) shows the 
automaton associated to a particular machine). 

Convenient 
behaviour 

(a) Elementary graph ofbehaviour 

Figure 9 : Resource driven description 

6 CONCLUSION 

(b) SDL automaton associated to a 
machine 

The architecture proposed in this paper is based on reaction abilities and aims to 
increase robustness. For this purpose, a reactive controller is proposed, based on 
the behaviour based control principles. By this way, self-organisation is improved. 
Nevertheless, such elementary controllers must collaborate in order to provide an 
efficient contro!. For this purpose, we propose a three levels architecture (figure 4), 
ma,inly based on communication features. 

Simulations have shown the interest of such a reactive contro!. Nevertheless, 
few experiments are needed in order to implement directly these features with 
existing communication software, as MMS for example, in order to improve the 
response tim es. 
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