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Abstract :

This paper studies an approach for designing graphical Interfaces for process control. This approach
is based on a formal modelling of the Human-Machine System behaviour. This modelling allows
the deduction of the user requirements and then, the identification of the interface objects. The
formal aspect permits the validation of the generated specifications before proceeding to the
automatic generation of the interface.

A formalism using Interpreted Petri Nets is here proposed for modelling the Human-Machine
dialogue.

Key words : User Interface (Ul), Human-Machine System (HMS), Formal specification, Interpreted
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Introduction

With the considerable evolution of computer sciences and the important use of software designed to
control automation's applications with high degree of security, the role of the User interface (UI)
becomes preponderant. Many researchers were tended towards design and development of UI.
Within these researches, several models and approaches were defined. Many tools for interface
generation were also proposed. Our works can be divided into two main points : (i) the choice of a
rigorous formal tool adequate to the application’s context ; (ii) the perfection of a design approach
for graphical user interfaces.

This paper starts with a brief critical synthesis of related works on these two points. Then, it
describes the proposed approach for UI design, focusing on the modelling of human-machine
dialogue.

Related Work

Researches, nowadays, are oriented more and more to formal approaches. In fact, only formal
techniques allow the designers to describe the external behaviour of any system without considering
the implementation context. These techniques permit also the validation of specifications before
proceeding to the effective Ul generation. They are recommended specially for complex and critical
systems such as industrial processes [13]. So, it is very interesting to use a formal technique for
specifying Ul for process control. But, which technique must we choose?



In literature, we can find several formal specification languages based on different theories:
universal algebra, typed logic, theory of sets (Z, VDM, B) or automatons theory (state transition
diagrams, Petri Nets,...). Each of these families, has a predilection domain (data processing, real
time, protocol management,...), a community of researches and users and a number of variants or
disciplines [7].

Particularly, in the field of human computer interaction, some formal methods were proposed by
different researchers. The state transition diagrams were proposed since the 60’s, for modelling the
screens chaining [10]. State transition diagrams were then proposed by Jacob for direct
manipulation interfaces [5]. They were followed by Petri Nets [14][6], to which we can associate
the ICO formalism [9], then, temporal logic and LOTOS [11], the Z formalism [4], the LUSTRE
language [2] and recently B method [1].

What one can reproach , mainly, to techniques like Z, lotos, or Lustre, is the difficulty that exists in
reading and manipulating their notations. This limit is removed with graphical techniques like state
charts and Petri nets. The latter (technique of Petri Nets ) seems to be particularly adapted (suitable)
for modelling the dynamic aspect of human-machine dialogue in the particular context of process
control. Petri nets are expressive for event’s aspect, synchronism and parallelism, as much pertinent
criterias for constraints of interactive graphical interfaces. Moreover, Petri nets have been already
used for human machine dialogue modelling [9] [14] or human task description [6]. They are, here,
proposed for modelling human-machine system (HMS) behaviour and interface objects, as
explained further.

For methodological viewpoint, we can notice that most of the approaches proposed in literature,
apprehend only one aspect of the interface design problem. Considering, especially, the researchers
focusing on using Petri Nets, some observations should be notified :

- Palanque propose to model the interactive application’s interface using the ICO formalism
(Interactive Cooperative Objects) [9]. This provides a formal specification of the Ul and its
behaviour which allows a functional analysis and a possibility of the specification’s validation.
But, his approach is based on an object oriented method. This method doesn’t explicit the
principle of interactive objects’ identification. He leaves that to the common sense of the
designer.

- With the TOOD method [6], Mahfoudhi propose a design approach based on an hierarchical
decomposition of the HMS in tasks modelled using Petri Nets. This allows the identification of
user requirements. An object design method of the Ul is then proposed. But, there is many
problems, not yet resolved, to which the designer is faced for automatic generation of the
interface.

- No one, of the authors, take into consideration, the dysfunctionning modes in their HMS
analysis. Nevertheless, it is a crucial aspect for the critical systems.

- Concerning the particular industrial applications, the Ergo-Conceptor system [7] presents an
ergonomic approach for the interface design allowing an automatic interface generation.
However, in this approach, there is no indication to how identify the user requirements. It allows
only a static interface generation. It didn't consider the dynamic aspect of the interactive objects
and the human machine dialogue.



In view of these limitations, our objective is to propose a most possible completed design approach
for automatic interface generation for process control. A synthetic presentation of this approach, is
first, advanced in this paper. Then, we focus on the formalisation of the human-machine dialogue
using Petri nets.

Proposed approach

In the proposed approach, we try to benefit from the advantages of different previous works. We

aim, especially, to satisfy these points :

- analyse different functioning contexts (normal and abnormal functioning) as well as the
operator’s tasks,

- identify the user requirements from this analysis,

- automate the deduction of interface objects,

- benefit from formal techniques to specify the interface, the objects and their behaviours,

- use guidelines for objects’ presentation,

- verify the specifications before automatic generation.

The proposed approach is made up of six steps (figurel).
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Figure 1: Methodological framework of the proposed approach

First, a step of process analysis is needed. It provides a document containing the process data and the
different technical and functional constraints. Then, a second analysis of the hole HMS in terms of
the process, its command system and the operator's tasks, is carried out. The dynamic aspect of the
HMS is modelled using Petri nets. The third step concerns the identification of the user requirements
in terms of interface objects from previous analysis. The interface specification is then ensured. We
benefit, afterwards, from the formal technique used to verify the generated specifications. The last
step of this approach is dedicated for the automatic interface generation.



The principle of HMS analysis and user requirements deduction is explained in [12]. This paper
focus on the human machine dialogue specification from the HMS’s behaviour modelling using
Petri nets.

To be lucid, we develop this point, in the sections below, through an industrial pedagogical example.
This example is now presented.

Presentation of the example

As first application, we have chosen a simple industrial process which consist on manufacturing
metallic products. The process is controlled by an operator in the control room.

It consists on : (1) producing the metallic sheets, then (2) covering these sheets with a chemical
solution. This solution is obtained by mixing two products C and D. To prepare the product C, we
have to mix two other solutions A and B, having variable temperatures and flows (tA, tB, fA and
fB). The result C must be at fixed temperature and flow (TC and FC). The operator's task consists,
then, in controlling the mixer functioning and intervene when a dysfunctionning appear to restore the
normal functioning state of the system.

The step 2 of the proposed approach consists in applying the SADT method to decompose the HMS
and identify the appropriate elementary sub-systems. Four sub-systems can be identified in this
example: (1) a first sub-system for preparing the different components (metallic sheets, products A,
B and D), (2) a second sub-system for preparing the mixture C (the mixer), (3) a third sub-system is
needed for preparing the chemical solution and (4) the last is for covering the sheets with the
chemical solution. We choose to study the second sub-system (the mixer).We suppose, then, that an
analysis using the classical and complementary methods (FMEA and FAT) has been carried. This
analysis identify two possible panes: (1) deviation of the temperature or the flow of the product C,
and (2) the overflow of the storage tank.

Thus, we deduce, principally, three states of this system : a normal functioning state, a
dysfunctionning state relative to the deviation of the temperature or the flow of the product C, and a
second dysfunctionning state relative to the overflow of the storage tank.

We suppose also, that an operator task analysis was carried out. This analysis identify three essential
operators’ tasks relative of the three states: a supervision task in normal functioning, a correction
task consisting in adjusting temperature and flow of the product C, manipulating different
parameters of the system (tA, tB, fA and fB), and an other correction task relevant to the second
pane. It consists to empty the storage tank.

We consider, principally, the two latter tasks and we suppose that a task analysis was carried out.
This allows the identification of the actions procedures. The arguments of these procedures define
the variables which should be manipulated by the operator. They will constitute, afterwards, the user
requirements.

This preliminary analysis of the HMS aims to identify the different functioning states of the system
and possible interventions of human operator. The purpose is to specify adequate interfaces for the
system control. The HMS behaviour is, then, modelled using Petri nets. The principle of this
modelling is exposed below.



Modelling the HMS behaviour

The specification of the dialogue component of the Ul is the most delicate part in the specification
task. In fact, the human-machine dialogue modelling require the detailed description of all of the
possible and acceptable states of the interactive application according to possible evolutions [9].

In order to succeed this task, we propose within this approach to start by modelling the HMS
behaviour using Interpreted Petri Nets [3]. The places represent the HMS states. The evolutions
between these states are modelled by the transitions. The Petri net in figure 2, illustrate the
modelling of the tank sub-system. The place P1 models the normal functioning state. The places P2
and P3 model respectively the two dysfunctioning states. P4 and P5 model the valuation states after
the operator's actions. These states imply nothing at the interface. That's why, they are considered as
non observable places and will be ignored in the step of deducting the user requirements.
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T Jel{vc <>max} T2 ]Jc2 or
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adjust the
T3[_Aaz ]
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c7: {C volume adjusted} ¢5: {tc <> Tc or fc <> Fc}
c8: {C volume not adjusted} c6: {tc = Tc and fc = Fc}

Figure 2 : Dynamic modelling of the sub-system "Mixer"

T1 and T2 model the system state changing from the normal functioning state to the alarm states,
under the passing conditions cl and c2. T3 and T4 model the operator's interventions for regulating
the system. These transitions aren’t really passed unless the operator finish his actions. A3 and A4
are the action procedures associated to these transitions modelling the execution of the operator's
tasks. TS, T6, T7 and T8 model the state evolution after the operator's intervention.

Our objective is to identify from the HMS analysis, the appropriate interface objects in first time,
then models the human-machine dialogue. The idea is to associate to each state, the appropriate
informational variables and to each transition, the necessary command variables. These variables
identify the user requirements and then interface objects. This is explained in [12].



Two kinds of graphical objects will be considered : informational objects will be associated to the
places of HMS model, representing the system’s state ; command objects will eventually be
associated to the transitions modelling the operator’s tasks.

When a transition becomes passable, the action objects associated to this transition will become
activated according to the conditions expressed in the action procedures. They will be disactivated
after passing the transition. The informational objects associated to the places of the Petri Net, are
displayed when a token is put.

Specification of the human-machine dialogue

Once, graphical objects have been identified, the next step consists in specifying this interface in
terms of presentation and dialogue. For interface presentation, we propose to benefit from the
researches carried out since the eighties, by some researchers [15] concerning knowledge-based
approaches for automatic evaluation and design of Ul used in process control. In fact, there are
many ergonomic rules available in literature. For instance, Gilmore and al. (1989), inspired by their
works with the U.S. Nuclear Regulatory Commission (USNRC), have written a handbook of
guidelines for user-computer interface design in process control. These guidelines were organised
into four categories, namely, (1) video displays, (2) control and input devices, (3) control/display
integration, (4) workplace layout and environmental factors. Each guideline was presented in a
structured format. Hundreds of guidelines adapted to this particular field (process control) were
listed in the handbook.

Several model-based tools for the interface development are described in the literature. The Ergo-
Conceptor system, one of these tools, is oriented towards process control interactive applications. So,
following the principle of Ergo-Conceptor, our system will be able to decide on the appropriate
displays to associate to each sub-system. For that, it will takes into consideration, on the first hand,
the characteristics of each sub-system (the list of its functioning states, the user requirements
associated to each state,...) and on the other hand, specific formalised guidelines stored in its
knowledge bases.

Once, the different graphical displays are identified, we have to specify the presentation and the
dialogue associated to each of them. Interface objects are identified according to the user
requirements deduced in step 2 of our approach. Their presentations will, also, be chosen according
to a knowledge based system, dealing with guidelines, in order to ensure an ergonomic quality. At
this level of abstraction, guidelines are more frequent and it is easier to formalise them and to
automate their inference.

We focus, here, on the specification of dialogue component. In fact, having the model of HMS
behaviour, it is necessary to define the behaviour of the different graphical objects of the interface, in
order to model the human-machine dialogue. In fact, each object has an intrinsic behaviour
according to the services it offers. So, we have to model the different evolutions of its states in
relation to the interface. This evolution (activation/desactivation and display/ mask) is related to the
system’s evolution. Thus, as the ICO model [9], we propose to define for each graphical object a
control structure. This structure determine the services the object offers and its different possible
states. This structure is described by an Interpreted Petri nets like those proposed for HMS
behaviour.

Considering the two kinds of graphical objects identified (informational and command objects), we
propose two generic control structure (figure 3). The first concerns informational objects. These
objects have principally two states : displayed and masked. The control structure of such object will



have two particular transitions. The actions associated to these transitions will ensure the display
and the mask of the object.

@ Mask l Display

Mask l Display
X Displayed
Nigactivated

4M Disactivate Activate
activated
Informational Object Command Object

Figure 3 : Control structure of Interface objects

The second type of control structure concerns command objects. A command object has three
principle states : masked, displayed/disactivated and displayed/activated. So, four particular
transitions are proposed in this structure. One for the display of the object, a second for its mask.
The two others are for the activation and desactivation of this object. The principle of dialogue
modelling is described by these three points :

1- from initial marking of the HMS model, display all informational objects associated to the
marked places.

2- When a transition becomes passable, all command objects associated to it will be displayed/
disactivated. These objects will be activated and disactivated according to the evolution of
operator’s actions.

3- At the end of the execution of operator’s task, all the command objects will be masked. The
displays will be refreshed according to rule 1.

An operator task is a combination of actions executed sequentially, in parallel manner or
alternatively. This is identified by the task analysis elaborated previously. This can precise the order
of the activation and desactivation of command objects. In fact, a transition in HMS model,
associated to an operator task, is a ‘macro-transition’. It resumes a Petri net which is composed
principally of a ‘macro-place’ and two transitions : ‘beginning task’ and ‘ending task’. The
command objects will be displayed and masked respectively on passing these transitions. The
‘macro-place’ is a Petri net modelling the synchronism and concurrency of the execution of different
actions of the task (figure 4).

With such decomposition, and on passing the transition ‘beginning task’, events for displaying in
disactivated state, all command objects associated to this task are generated. Then, these objects are
activated and disactivated on passing the transitions ‘beginning action’ and ‘ending action’. These
objects are masked on passing the transition ‘ending task’.
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Figure 4 : Decomposition of the “macro-transition” task

The global dialogue is determined by different Petri nets proposed here : Petri net modelling the

HMS behaviour and different Petri nets corresponding to the control structures of different graphical

objects. The communications between all these nets is insured by production of internal events. The

idea is to consider the orders of masking, displaying, activating and disactivating the interface

objects as events generated when a token is put on a place or when a transition is passed. The events

will, therefore, be produced by the net modelling HMS behaviour. The principle of generating these

events is described by these points :

1- the put of a token on a place generate events for displaying informational objects associated.

2- Passing a transition ‘beginning task’ produce the generation of events for displaying command
objects disactivated.

3- Passing a transition ‘beginning action’ produce the generation of events for activating command
objects needed for this action.

4- Passing a transition ‘ending action’ produce the generation of events for disactivating relative
command objects.

5- Passing a transition ‘beginning task’ generate events for masking all informational and
command objects.

Figure 5 illustrates this with the tank sub-system. It contains a Petri net modelling the HMS and 2
Petri nets modelling the behaviour of informational objects, “curve”, associated to the informational
variables TC and FC. Two other Petri nets represent the control structure of command objects,
“command button”, associated to the command variables fA and fB. The communication is
expressed in this figure by arrows in dotted lines :

> express the generation of events for displaying the interface objects,
— % express the generation of events for activating command objects, and

---% express the generation of events for masking informational objects or disactivating
command objects.

The communication process between different Petri nets avoid the construction of a global net and
the addition of places and transitions.
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Figure 5 : Communication process between different Petri Nets

Conclusion

We have focused in this paper on one of the more difficult steps of any global methodology for Ul
design : the modelling of human-machine dialogue. We have explained, through an industrial
application, the principle of modelling the human-machine dialogue using Petri nets.

The next step of this approach concerns the verification of Ul specifications before proceeding to the
generation its self. We are concentrating, now, on this aspect. We are studying the verification of the
Petri nets correctness with the proposed extensions.
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