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QUOTATION  

ò T he O utcom e of any serious research can only be to m ak e tw o questions grow  w here only one ex isted before.ó 

Thorstein Bunde Veblen (1857-1929) US Social Scientist. The Place of Science in Modern 
Civilisation. 
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C h a p t e r  1 

INTRODUCTION  

 

Introduction  

This thesis develops an approach to improving the representation, form and timeliness of data in 

a complex process control interface.  In traditional interfaces, a mapping is made at design time 

between the process parameters and an appropriate rendering at the interface.  This mapping is usually 

the best all-purpose mapping under a set of general constraints.  It is not, however, the only 

mapping ð others may have been discarded which might have represented a better mapping 

under a different set of constraints.  In the general case of the system functioning under normal 

conditions, the general mapping may be appropriate in most instances.  However, if the process 

moves into a disturbed state, one of the other discarded mappings may be more appropriate for 

the new conditions.  The goal of this thesis is to investigate if these other mappings can be 

implemented in a flexible mapping system, so that an adaptive system can make a decision on 

which mapping to use at run-time, based on the current state of process, the environment, the 

actions of the operator team, and access to a human factors database. Flexibility, for example, has 

been identified as on e of Sh ackelõs (Sh ackel 1990) requirem en ts fo r good usab ility.  

Why might Adaptation be Important?  
In the modern control room, the traditional hard-desk approach has been replaced by a soft-desk 

approach (Dicken 1999).  In this new approach, the operators monitor plant conditions on a 

large computer monitor, or over multiple monitors, but are usually unable to view all the process 

information simultaneously (which used to be possible in earlier systems through the use of 
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mimic displays). The operator must therefore switch between different views as appropriate. A 

common type of representation, used in process displays, is the Piping and Instrumentation 

(P&I) diagram, which, whilst effective in communicating the relationships between elements, can 

present problems for the operators: 

¶ The diagram is mainly concerned with the topology of the plant. Hence higher-level goals 

are not usually immediately available within the display. 

¶ Typically a one-sensor-one-representation approach is generally used, so operators have 

to deduce the overall process state from an amalgamation of several individual indicators. 

¶ The process diagram is often too large to be represented on a single display, and must 

therefore be spread over a number of monitors. This means the operator has to often 

hunt for the appropriate information over several screens, or abstract hierarchies. 

¶ Automated systems have introduced many extra complexities for the operators. Before 

the operator needed to monitor, understand and reason about physical forms and 

functions in the process. Now they need to maintain an accurate view of the process at a 

higher level of abstraction. 

The above problems originate because of a lack of flexibility at run-time (Shackel 1990). Of 

course the operators can use various functions, such as zoom and translate to adjust the display 

and they can demand more detailed information about a particular sub-function. However, the 

responsibility for doing this is laid totally on the operator and if the operators have missed some 

important process malfunction, or are persisting in following an erroneous logical path, the 

system cannot help them. A more adaptive system could assist the operators at run-time by 

accentuating the display of particular measurements, by tuning the display to show relevant areas 

of concern, or by forcing reappraisals of situations by presenting higher level deductions and 

predictions. 

It is the aim of this thesis to provide a degree of adaptability at run-time in the selection and 

representation of bandwidth limited information to operators. The approach will hopefully 
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ensure that the main presentation parameters of form, location, and modality correspond to the 

contents and nature of relevant information. It is hoped that this will lead to higher predictability 

of important process occurrences, less information searching, less screen cluttering, quicker 

response times and generally improved operator effectiveness 

The proposed interface will introduce an element of system adaptability into a highly complex 

process control interface.  In normal circumstances, it is envisaged that very little adaptability will 

be required at the interface. Indeed, since the operators are highly trained, expert users, any 

unjustified adaptation may well hinder their effectiveness. However, when the system moves into 

a disturbed state, the operators may benefit from a pro-active alarm handler.  It is well known 

that such a shift is frequently accompanied by alarm flood (Bransby & Jenkinson 1998), and 

consequent operator information overload.  In such situations, by assigning incoming alarm 

signals with levels of importance, using knowledge of the current environment, by understanding 

the state of the operators and human factors presentation heuristics, the proposed system may be 

able to select the most appropriate mapping. Such an appropriate mapping should enable the 

most salient information to be presented to the operators in a more effective way at the most 

appropriate time. 

It is hoped that the adaptive system will bring the following advantages: 

¶ Redundancy: Multimedia often communicates through more than one sensory channel.  

This allows the system to exploit the natural human ability to multitask.  

¶ Accentuation of critical data: By highlighting and accentuating representations of the most 

critical data the system  can  draw  th e operatorõs attention  fro m  less im portan t data.  B y 

guiding the operator in this way it is hoped that handling of dangerous situations can be 

improved 

¶ Appropriate Levels of Abstraction in the Interface:  An adaptive system brings a greater degree 

o f flexib ility to  th e interface.  Info rm ation  o verlo ad can  cause the operator to  òh untó for 
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appropriate information through several hierarchical layers of interface.  The adaptive 

system has the ability to abstract away unnecessary and irrelevant data, giving the 

operator are clearer view of the current problem. Information can be selective displayed 

in such a way that only salient information is displayed to a degree in line with its 

importance. 

¶ Improved Attention Getting: Since time is a scarce resource for process operators, particularly 

in critical situations, they are required to deal with information on a basis of priority. This 

is, of course, the reason why alarm systems feature prominently in most control rooms.  

However, more present day visual and audio alarms only provide a coarse gradation of 

the severity of the event that triggered them. An adaptive multimedia system may be used 

to ensure that information is brought to  the o perato rõs attention  in  a tim ely fash ion . 

Critical information can, to a much greater extent, be presented in forms, which are more 

tailored to the process situation that is developing. Customised audio or spoken messages 

as well as visual animations, can all be used to attract the attention of the operator. Thus 

the intrusiveness of the alarm can be related to its severity in a more flexible way. 

¶ Spatial Adaptation:  An adaptive system can organise the interface so that related data is 

grouped together, and allow the optimum amount of information to be displayed in 

clearest possible format.  Avoiding windows overlapping allows the operator to have a 

clear un derstan din g o f w h at is h ap pen in g at the interface w itho ut òlosin gó data w h en  it is 

obscured or hidden. 

Thesis Organisation 
Chapter 2 provides an overview of adaptive systems in general.  It examines why adaptive 

systems are useful and the goals and form an adaptive system should have.  It then examines the 

general structure an adaptive system should take, and the types of models a system should 

maintain in order to be able to adapt in an appropriate fashion.  Finally, the chapter examines 



 16 

how these models have been used in existing adaptation system and how adaptive systems can be 

evaluated. 

Chapter 3 examines the current state of process control interfaces.  An examination is made of 

the current problems with process interfaces, and suggests how such problems may be tackled by 

the use of multimedia principles.   

Chapter 4 examines the technology of Software Agents and why they are appropriate for use in 

an adaptive system.  It looks at the advantages agents provide, and the different types of agents 

that are in existence.  Then, a review of current agent technology is undertaken to determine 

which types of agents are most appropriate for an adaptive system. Finally, the chapter looks at 

th e difficult prob lem  of locus of contro l.  It arrives at a m etho d for determ in in g an  agentõs degree 

of responsibility so that it does not overstep its authority to the detriment of the operators and 

their confidence in it. 

Chapter 5 looks at how agents can be combined into an effective multi-agent system, for use in 

the process control domain.  It examines the benefits of a multi-agent approach and the relative 

advantages that such an approach would offer for an adaptive system.  The chapter then looks at 

some of the important implementation issues involved in building a multi-agent system 

Chapter 6 discusses the WHY and HOW of adaptation. It examines the concept of adaptation 

and proposes the adoption of an Adaptation Matrix to describe the broad principles of why 

adaptation should take place and what should trigger it. It also examines how multimedia 

heuristics can be applied to make presentations at the interface clearer.  It then describes a set of 

guidelines and usage rules that can be applied to the adaptive system to ensure that it will always 

try and select the most appropriate representation, with the correct parameters at the right time. 

Chapter 7 reviews the different technologies required to built an adaptive, multi-agent system.  A 

detailed review is provided of agent technologies, coding technologies, code optimisation 
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techniques and interface development tools.   A recommended set of tools and system 

configuration options is provided. 

C h ap ter 8 p ro vides an  o verview  o f the p ropo sed adaptive system õs con ceptual arch itecture.  It 

describes the founding principles on which the system is based, and describes the nature of the 

system.  It examines the roles of the agents within the system and describes precisely how they 

interact. 

Chapter 9 gives a more detailed view of the core reasoning processes employed by the 

architecture to drive adaptation.  The main reasoning agents are examined, and the process by 

which they decide upon the form of adaptation employed by the system, is described.  An 

overview is given of how the adaptive system relates to process control problems. 

Chapter 10 demonstrates a scenario employed on the adaptive system to illustrate its capabilities.  

This is then followed by some usability results obtained from testing the system on real 

operators, and experts. 

Chapter 11 critiques the successes gained from building the prototype system; it also looks at the 

system õs lim itation s.  T h e successes an d limitations of the actual prototype system built are 

detailed and lessons drawn. The problems encountered when constructing the system are also 

examined.  The thesis concludes with a summary and suggestions for future work. 

Contribution of the Author to the Work Reported 
AMEBICA is a complex system and the design and development work was spread over a 

number of contributors in different commercial organisations. The author made a very significant 

contribution to the overall work described in the subsequent pages. A detailed analysis of the 

autho rõs con trib ution  w ill b e fo un d at the b eginn in g o f C h apter 10. It is left un til th is ch apter 

because it is only at this juncture that the whole concept of AMEBICA can be fully appreciated 

an d the authorõs contrib ution clearly described. 
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C h a p t e r  2 

ADAPTIVE SYSTEMS 

Introduction  
Adaptive Intelligent Multimedia Presentation Systems can be characterised by their capability for 

òdesign in g presentation s th at express in form atio n usin g a com b in ation of availab le presentatio n 

techniques and media, in a way which achieves the required communicative purposes and 

supports users in  perfo rm in g their tasksó (R oth  1993). In other w ords, th ey are cap ab le of 

dynamically adapting their behaviour to the requirements of users, allowing users to make 

improved communication decisions at run-time (Dietrich et al 1993), 

Why Is There A Need For Adaptive Systems? 
Computer applications can be difficult to use and even though the procedures for using them 

have been learnt, they may still be easily forgotten. As the number of computer applications and 

different delivery platforms proliferate, and the number of users who need to use various 

computer applications in their daily work continues to grow, the chances of serious user 

misunderstandings at the interface have increased.   It is even the case that experienced users 

h ave fo un d them selves bew ildered w ith  th e so ftw are industryõs p redilection  fo r developm ent of 

new features, bug-fixes and production  of n ew  (i.e. slightly different an d ôim pro vedõ) versions 

(T h im b leb y, 1990b).  C on stant òim pro vem entó o ften  results in  an  interface com p lexity th at is 

constantly in a state of flux.  This has been particularly true in the process control domain where 

the move from hard desks to soft desks, has led to a glut of new features and increasingly 

complicated interfaces.   
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The idea that computer applications should be capable of adapting their interfaces to match the 

needs either of individuals or of different classes of users is an apparently attractive, one (Benyon 

& Murray 1993). Adaptive computer interfaces are therefore not new, and have been discussed 

over the years through a number of advocates (Edmonds 1981; Innocent 1982; Zissos & Witten, 

1985). Other useful reviews are provided by (Norcio & Stanley 1989). Early applications of the 

adaptive system concept, however, did not live up to expectations and often presented designers 

with problems of a greater complexity than those encountered in non-adaptive solutions. There 

was also a fear that adaptation could introduce its own complexity and present the user with 

inconsistent interfaces. 

These early attempts to create adaptive systems were certainly hampered by a lack of processing 

and I/O power, and it is only recently, now that powerful computers have become available, that 

consideration of how to build such systems has become of interest again. The development of 

multi-agent systems (Maes 1991; Laurel 1990) and intelligent interfaces (Chignell & Hancock 

1988) has also focused attention on adaptive systems. 

Although many design solutions are possible, computer applications tend to be based on one 

chosen design solution that is inevitably better suited to some users than others, and whose 

ch o ice m ay be very dep endent upon  the design ersõ experience.  It is a contention of this thesis 

that the usability of many systems could be improved if they were able to offer a different set of 

design solutions to match the diversity of user populations and run-time dependent interfaces 

generated in context.  

A particular class of users to whom adaptability is important is what are termed Discretionary Users. 

Discretionary Users are users who can solve their problems, if necessary, without resorting to the 

use of a computer application (even though it may be less efficient). Such users must be 

persuaded, or otherwise enticed, into making use of the computer facilities. Even when enticed 

into using the system, such users tend to stick with what they know, and are usually not 

adventurous in seeking out new or improved ways of doing things. They often become reliant on 




