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1.1 General context

Modern societies are largely sponsoring research on system automation and robotics.  Automation is smoothly but fundamentally transforming all aspects of human life to such an extend that science fiction literature has already popularised the fear that one day machines (robots) may become sufficiently intelligent to behave as humans in daily life.  Later, within this futurist hybrid society, they may even be able to replace human experts in performing complex cognitive tasks.  However, despite the incredible progress in system automation, full automation is still a dream when it comes to complex dynamic systems dedicated to undertaking tasks and missions in various environments.  There are systems, tasks and missions that will necessarily continue to require some synergistic co-operation between humans and machines.

Since the seventies, an important class of systems, evolving from Human Machine Interaction Systems (HMIS) is showing a fast and widespread development.  This class is characterised by “Supervisory Control”, the interaction of a human operator involved in supervising a controlled system for achieving tasks and missions [Rasmussen, 1986], [Sheridan, 1992].  Furthermore, advanced research in this field has recently brought into existence a new generation of supervisory control systems, the investigation of which is the concern of this dissertation.  These can be named “Integrated Supervisory Control Systems (ISCS)”.
Present ISCS are complex HMIS, which intend to be synergistic and adaptive for ensuring flexible, safe and effective task performance.  Their design attempts to integrate multi-media techniques, modern simulation tools and high level programming techniques.  ISCS provide various interaction modes such as tele-manipulation, vision, and speech, etc.  For achieving tasks, human operators can use various levels of control ranging from full tele-manipulation to practically full autonomy.

ISCS are meant to carry out complex tasks and missions in remote and hazardous environments.  They are also meant to replace, enhance and extend human capabilities over space and through different scales.  ISCS include, among many HMIS, semi-autonomous, tele-autonomous, tele-robotic systems, and personal robots.  ISCS are not only already present, they are even irreplaceable, in many important industrial domains such as nuclear power plants, space missions, military operations, aircraft industry, undersea, tele-surgery and assistance to disabled people.  An initial overview about applications, issues encountered, state of the art and trends in this field can be found in [Sheridan, 1992].

1.2 Motivation

Our interest for investigating such systems is driven, on the one hand, by the belief that ISCS will very soon play an important role and have an important socio-economical impact.  On the other hand, it is driven by the observation that ISCS is a new emerging multidisciplinary technology, which is not well known and needs to be developed.  In fact there are many reasons to be interested in such systems.

There is a scientific interest.  What are the principles for designing such systems?  How are humans and machines going to deal with each other?  What are the rules that will govern this hybrid society?

There is a socio-economical interest.  Actually many agencies, research centers and universities are involved into one or another aspect or application concerning ISCS.  But, for financial reasons, only important agencies and research centers are investing in real applications.  Such applications concern the development of ISCS and their related infrastructures like space laboratories, hospitals equipped for tele-surgical operations, centers of control for rovers dedicated to space exploration, tele-robots for intervention in unsafe areas, and personal robots dedicated for handicapped people. 

Hopefully, the ongoing evolution of technology is starting to enable serial production of ISCS.  Examples are some service robots, some tele-robotic systems, some human-like and animal-like robots.  Investment in these domains is becoming possible for relatively small modern enterprises but innovative design will determine their success.

There is a technical interest.  This aspect is the one we will directly explore throughout this dissertation.  However, among many questions, the one that will be central to our work concerns the exploration of human-machine ways for interaction and co-operation.  Because as noticed in [Parasuraman and Mouloua, 1996], “understanding how humans interact with automation is vital for the successful design of new automated systems that can be both safe and efficient”.  It is then an appealing aim to attempt to crossover and go beyond the actual limits of the technology and knowledge.

1.3 Some design requirements and issues

Several profound investigations of the existing ISCS have revealed the existence of many challenging problems that can face designers.  The ways by which humans interact with each other and represent knowledge are not directly transposable to humans and machines.  For this reason, to match humans and machines in ISCS, design of adaptive operator interfaces is of paramount importance.  Operator interfaces designed for ISCS require multi-modal interaction, high-level control languages, adaptive control techniques, various ways of synergistic co-operation, modern computer graphics and highly processed information representation. 

These requirements are constrained by many issues such as:

-How to avoid the functional complexity of the system?  How to distribute the roles and functions between the operator and the machine?  How to evaluate the system performance while taking human factors into account in normal and abnormal situations?

-How to ensure the safety of the system against human errors and mistakes, on the one hand; and machine errors, on the other hand.  It is relevant to note that recent analysis of accidents happening in domains like aviation and nuclear plants has proved that human operators may be more fallible than automation when supervising complex systems.

-How to incorporate more intelligence into the machine in order to increase its autonomy and how to provide decision aids for human operators facing complex situations?

-How to extend those techniques for both spatially centralised and distributed multi-systems with one or multiple operators.

-How to describe humans and artificial systems? 

Attempting to address some of those issues is a very challenging task.  Indeed, if one considers the difficulty to model human operators, the high complexity of the controlled systems, of tasks and missions to be performed; it becomes understandable why most ISCS techniques are still empirical and undeveloped.  This difficulty is summarised by the fact that, up to this date, there is no formal theory that can cover this multidisciplinary topic.

Nevertheless, considering the evolution of ISCS, there is every reason to believe that both the level of automation, the functional integration and the overall performance of ISCS will continue to increase in the coming days.

Human role in ISCS

Although autonomy is the ultimate goal in automation, there is one central point to consider about ISCS.  Their design does not necessarily intend to remove the human operator, but shifts his/her role to higher cognitive functions.  As noticed in [Sheridan, 1996]: “Human supervisory control, then, is a natural complement to automation, although this fundamental fact is not well appreciated and understood”.  Human operators are still indispensable for many purposes like supervision, monitoring, planning, intervention in case of failures and unexpected events; participation to solve complex cognitive problems, insurance of co-ordination between distributed systems, etc.   However, design of ISCS needs not only to combine the capabilities of human and machine, but rather has to optimise the overall system performance.  
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