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ACE - Pilot Model 
1. Introduction

The ACE pilot behaviour model is an important part of the ACE system and it could be presented as the set of statements about the pilot behaviour in momentary situation, i.e. in his own physical and psychological state, in the instant state of the avionics and environment. The pilot model is namely used for determining the discrepancy between the desired and the actual  behaviour to initiate ACE adaptation mechanism.

Creating of the pilot behaviour model is a part of general problem of human activity modeling, which is based on an appropriate representation of knowledge and their use for the solution task.

With the development of the aircraft avionics, information technologies, and with the increase of the manual and intellectual automation activity level, represented by intelligent board computer, navigation and weapon systems, the pilot`s activity is moved from an elementary flight control to decision activity about the use of relative autonomous board system. These systems solve separate flight, navigation and tactical task.

An overview of basic tasks solved by pilot is shown on the Fig.1. These tasks solve pilot alone or with utilization of systems, which are designate for their solving.
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Fig.1: Basic tasks fulfilled by pilot.

Modern flight control systems, which are default comprised by control computer, autopilot and autothrottle, set the pilot free from routine operations and enable using of his ability especially by distinct flight situations. They also assure taking over of the pilot`s activity in case of his failure. Filling of the next task such flight control, navigation, using of weapon systems, communication and co-ordination, flight and environment monitoring takes place automatically by intelligent board computer system under supervision of the pilot. So can the pilot concentrate on the solving of the higher level intellectually tasks. Among these are primarily activity planning and decision about systems utilizing, this means tasks based on human information processing and on purposeful knowledge manipulation.

2. Human control and decision models

Many formal pilot models have been developed that use the classical or optimal control theory. The control theory paradigm has become on the primary ways of perceiving the human pilot in well-defined tasks. Research on the human as a part of the flight control loop led to study of traditional tracking behaviour. 

The approach which is based on the classical control theory assumes, that the pilot is studied as a linear element of the closed loop aircraft system, and the transfer function knowledge representation is usually utilized. The model assumes that the human operator tries to achieve stability, quality and desired accuracy of the control.

The approach which is based on the optimal control theory utilized the state knowledge representation and suitable quality criterion. The basic assumption under lying this model is, that a well-trained and well-motivated human operator acts as an optimal controller to achieve a performance criterion, which expresses the task requirements. The model further assumes that the human controller has an internal representation of the system. The model is very flexible for use in a variety of control task. But we must say, that the model only describes the behaviour of the skilled operator, but it does not answer how an operator learns to behave in an optimal manner.

New model made explicit the need of an internal representation of the knowledge that the human operator has of the system which controls. The human uses some form of internal representation of the task requirement, the dynamics of the system and effects of disturbances. Using this internal model, the human provides a prediction or estimate of future situations. The biomorphic model combines the internal human motion perception and decision-making with control activities.

With the shift in the human operator function from manual to supervisory control, the focus of attention in human decision making models also shifted. Decision-making models focus from decision-making in one situation to decision-making in multi-tasks situations. The models account for processes with different priorities and task into account that operator might not be able to attend all processes simultaneously. For instance the so called human operator simulator also emphasizes  these aspect and it represented the human controller in environments that include continuous and discrete tasks and models for decision-making in multiple monitoring.

Whit the focus on team working, communication and interaction, other kinds of models were developed. These models include the multitasks multi-operator characteristics and represent the supervisory control models which combine some of the features of psychologically-oriented models with control-theoretic models.

The research domain outlined above is further augmented by research on pilot workload and situation awareness models. Workload may be conceptualized as a state that pilot experiences, when meeting the demands of task imposed by the system, given the limited mental resources that he has available. At high levels of workload, information may be missed. This may occur if the information to be perceived is beyond the capacity of attention of the pilot. The problem may be the result of having to make too many responses within the time available. There are mainly two streams of research. The first stream aims at identifying the variables which measure workload. A second stream models the tasks which will drive the workload above the hypothetical red line. Situation awareness mainly refers to the operator`s awareness of the transient changes in the state of aircraft systems, location, and environment. This awareness is such that he will be able to react appropriately to unexpected events situation awareness is useful to anticipate what is likely to happen in the near future as well as in the immediate present. Workload and situation awareness may be interrelated if the goal of reducing workload to appropriate levels is persuaded without destroying situation awareness.

The knowledge approach based on artificial intelligence have been applied in the field of modeling in combination with the psychological and control research fields. Systems developed using these techniques range from intelligent systems to monitor pilot`s workload to intelligent expert system to improve pilot judgement. Expert systems and fuzzy logic techniques are often used in the approaches.

Human operator models are of key importance, as a proper understanding of human performance is essential in any man-machine system. The behaviour of human operator has been studied form quite different viewpoints and different models have been the result. Many of the models have been used for analysis and study of interaction in complex system, such as flight control.

Models can represent human behaviour at different levels and with different amount of detail. It is interesting to see that all these models describe an area of human activities. As the role of the operator has change from a tracking to a supervisory one, models have been applied to expand and support a richer range of activities.

Extensive analyses of the tasks performed by operator, e.g. pilots have been done. Many models have been developed for individual tasks. In manual fight control models, the tasks performed by the pilots are very well defined. Consequently, the pilot is forced to act as a linear stationary controller. He has to posses a rather precise internal model of the system to be controlled, the task to be performed, and disturbances acting on the system. It has become clear that an internal model of the environment is an essential element in human performance models. This concept, which reflects that the operator possesses an internal representation of the system, is common to both, manual and supervisory control. It should be noted that the idea that the human operator has within himself a model of the actual process, which he uses to make predictions, has been widely applied. In fact, intelligence may be roughly defined as the ability of having an internal knowledge model on which decisions are based.

Summarizing, we can say that using of the artificial intelligence theory for human information processing and knowledge representation is a suitable way for the pilot behaviour modeling.

3. Pilot behaviour model design philosophy

From previous considerations follow that advances in information assessment, artificial intelligence, psycho-physiological processing, and human interface technology create opportunities for designing of adaptable cockpit environment system.

For the limited level of adaptation, which is further assumed, the system must only be able to modify the presentation of date, depending on the state and capacity of the pilot. By other words, is must only present information, which the pilot really needs for performing and survival and will present it in the most effective mode and location. Hence the general idea behind this interactive technology is to ensure that the pilot is able to guide and use his attention in the optimal way to prevent overload.

In the concrete, the ACE system is designed as support system for the pilot, largely independent of the already installed cockpit systems. It uses information from the other systems, and the result is presented on the existing board systems. But the adaptive system itself is not integrated and distributed over the installed board systems. This makes it possible to use present hardware build the adaptive system independent of all existing systems, and built and test it independent of the existing systems.

As we have said pilot must solve following basic tasks: flight planning and preparation, flight control, navigation, communication and co-ordination, weapon system using, system and environment monitoring. These tasks, without the flight planning and preparation, can be fulfilled by means of pilot monitoring and management of relatively autonomous board systems.

From the tactical point of view pilot must distribute his attention among several groups of tasks. First of all he must aspire to the mission goal will be fulfilled. In order to be this main task achieved, pilot realizes the suitable flight control and navigation. The solving of described task is possible only then if the function of all board systems is correct. Hence pilot must realized monitoring of systems and devices for flight control, navigation, communication, weapons preparing, environment observation, engine state, etc.

The highest priority from the groups of pilot tasks has the mission, which describes what must be done to achieve its objective. Further we shall assume that the missions database exist. The database contains all date, which enable in every case to create an optimal activity procedure for the successfully filling of all-possible flight and combat missions. For this reasons are introduced the basic functions, which serve to the fighter air force and we perform their decomposition on particular functions. Every mission will be realized by the consecutive filling of the particular function. According to the situation can happen, that pilot by the realization of the particular functions must to break up order of their solving and must perform first such function, which does not allow him to continue by the original plan. Also the functions, it means the particular functions as part of mission, we have to split on the tasks, which particular functions have such influence, that the original plan must be alternatively changed. It is obvious, that the performance of the same mission can be filled different from the tasks and situation.

The most general semantic variable is 
[image: image48.bmp] that is the name for a set of functions, i.e.
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By analogy the semantic variables 
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These expressions are rules of knowledge based system representing the pieces of knowledge about the structure of missions. They make possible to inference the actual task, function from actual events, memorized events and task and context giving information name about planned mission, Fig.2.
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Fig.2: Actual task recognizing.

The articulation of the mission to functions, functions to tasks and task to events play the most important role in our considerations about the adaptable cockpit environment system. From the previous conclusion follows that the adaptation can be realized with respect to the actual task, which must be solved by pilot during the mission.

In order to be the mission objective fulfilled, the corresponding flight control, it means aircraft control and navigation, must be realized. During the aircraft control pilot continuously must check and control altitude, course, thrust and velocity. For the solution of navigation task pilot must continuously determine the aircraft position with respect to the ground co-ordinate system, by means of internal and external navigation means, Fig.3.
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Fig.3: Representation of the flight control .

When the modern fighter, for instance F-16, is proposed, than the pilot attention must be distributed on monitoring and checking of correct functioning many board systems. This monitoring is realized partly by acoustical signals, but mainly, via visual observation of displays, devices and warning signals. Pilot attention is above all concentrated on the aircraft control, navigation, communication, weapons preparing and using, environment observation, engine and fuel supply state.This human information processing is very pretentiously, especially, if it must be realized at the short time and under tactical situation stress. Therefore some pilot support for board systems monitoring it is necessary to design.

Summarizing, the following philosophy of pilot model design can be formulated: at first, the adaptation will be realized with respect to the task which represent the part of the mission; at second, the model as a part of ACE system must contribute to the support of pilot information processing.

4. Model of pilot behavior for ACE system

The ACE system consists of following basic subsystems: situation assessor, pilot assessor, support logic and adaptive support, which is the part of the pilot interface, Fig. 4. This cockpit architecture serves for determining of the  situation, pilot and avionics states and for using the information to decide the adaptive support and to activate corresponding support level. From the figure it is clear that the pilot controls the aircraft by means of interface, and that all information about the aircraft and the environment is fed back to the pilot via the displays in the cockpit. But the assumed purpose of individual ACE subsystems it is necessary to be described now.
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Fig.4: The architecture of ACE system

The situation assessor determines the avionics state with respect to the flight and mission plan. By other words, it determines which task must be fulfilled. The pilot assessor determined which task the pilot is really occupied with. This is done by analyzing of pilot command actions and system observations. The command actions are detected by monitoring selector and control inputs and the observations are obtained using physiological measure. The support logic compares the flight and mission phase requirements to the pilot activity, sets a support level and realises adaptive support using the pilot interface.

From the knowledge point of view the function of described ACE architecture, designed by National Aerospace Laboratory NLR, can be realized by  means of a multipurpose knowledge based system, which is represented by Fig.5.
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Fig.5: Architecture of knowledge based ACE system.

The system input will be called situation 
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 and will be defined generally as a collection of a priory and actual knowledge about objective, mission, pilot, avionics and environment. The system output is an adaptive mode 
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, which characterized the adaptation level and the kind of its realization. The output is connected to the adaptive support, which is the part of the pilot interface.

The reference subsystem contains five modules which serve for representation of situation, objective, desired behaviour, actual behaviour and context influence. The objective representation module express the a priori knowledge about the aim, mission, pilot, avionics and environment. The knowledge are suitable utilized for the functioning of desired behaviour module. This module is a rule-based system, which determines, what must concrete pilot done with respect to the planed task and to the actual state of avionics and environment.

Note, that the behaviour is understood as a collection of pilot information processing and cognitive activities. In the case of limited adaptation, the behaviour can be represented by means of the rationally attention distribution with respect to the information processing, board systems and desired procedures. In this case the rules for determining of desired attention, or better for attention distribution, can have following form
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[image: image10.wmf]{

}

k

is

t

environmen

and

j

is

avionics

and

i

is

task


THEN 
[image: image11.wmf]{

}

q

is

procedure

and

n

is

system

and

m

is

processing

,

[image: image43.wmf]0

where 
[image: image12.wmf]task

, 
[image: image13.wmf]avionics

, 
[image: image14.wmf]enviroment

 are the input linguistic variables and 
[image: image15.wmf]processing

, 
[image: image16.wmf]system

, 
[image: image17.wmf]procedure

 are the output linguistic variables. Corresponding rule based system can be represented by Fig. 6.

Fig.6: Desired attention determining.

The modules for situation representation and context influence warrant the conversion of dates and the desired context. Having the necessary information about the purpose of majority modules of reference subsystem, we can focus our attention on the functioning of the actual behaviour module.

Behaviour date, and in particular, interaction with cockpit controls provide a rich database with can be used in order to make inferences about cognitive state. Such measures permit strong inferences about the nature of ongoing cognitive activity. For example manual interaction with the visually guided cockpit control which use an on screen cursor, typically indicates visual-spatial workload and permits the inference that visual, somatosensory and motoric attention are invested in the task. A great deal of pilot behaviour can be decomposed into separate largely encapsulated procedures or algorithms. A crucial aspect in therefore the facility to recognizes when these specific procedures or algorithms are being performed. When the particular procedure is detected, a stored functional taxonomy is used to provide information about affective and cognitive states such as stress and workload that are likely to accompany the procedure. Specific combinations of particular procedures indicate more global and permit inferences about pilot intent. Generally, to complete the pilot behaviour, we can use further the physiological, subjective and context measures.

For the physiological measures we can use heart rate, respiration rate, electromyogram, electro dermal activity, skin temperature, electro-oculogram and electroencephalographic activity. These measures provide information concerning levels of automatic reactivity as well as information about current levels of alertness. Measurements of eye–movement activity and blink rate provide an index visual workload and recent improvements in biosensor technology and signal processing has allowed and dramatic improvement in locus of gaze detection. Recordings of brain electrical activity from the scalp also provide information about workload. These measures are presently poor at providing of cognitive activity.

Subjective measures can be signaled by the pilot at any time and include communications such as: I am–drowsy, tired, stressed, etc. Communication can be currently made via pushbuttons. The a priory subjective measures have been collected on the basic of interviews with pilot. Finally, information concerning the stress and workload consequences of failures of various cockpit systems as well as influences of contextual measures are contained within the database.

Contextual measures provide a powerful basic for interpreting pilot state date. Contextual information includes factors such as altitude, speed, levels of treat and whether aircraft control works normally. This must be provided with a context for interpreting incoming date. The low level contextual information includes ambient noise, luminance, vibration and temperature, which are all factors, known to influence pilot performance and outputs from biosensors.

When we shall solve problem of the limited adaptation, then the concept attention will be used. For our purposes the attention will be defined as the form of vigilance, when the dominant part of mental function is concentrated on a certain object. By other words, in the state of attention pilot is usually concentrated on a certain group of received signals or stimuli, which are dominant for the function he has to accomplish. In the state of attention, the sensitivity of the pilot can be lowered as concerns the other, non dominant signals or stimuli.

The pilot, who has to interact with powerful, complicated and also efficient artificial system, as aircraft control system represent, is imposed to requirements on fast and correct reactions on very variable actual situations and he is exposed to his for considerably long time of his service. The intensity of fatigue cased by the interaction with the aircraft control system can be expressed by the integral of actual pilot attention level realized by the certain pilot in the course of time of his interaction with the system. If the actual level of attention in certain time instant 
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where 
[image: image22.wmf]p

k

 is the constant representing the individuality of certain pilot, 
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 is the constant representing the specific conditions of the particular plan and of its kind of actual operations, 
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 is the starting time of pilot service and 
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 is the time of the end of his service. The values of the fatigue exposition differ for each specific kind of flight operation and plane. Though their determination could be considerably laborious, their knowledge can be very useful for decision, if the certain pilot is able to operate well. It is known, that each pilot has to his disposal certain maximal capacity 
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 of the fatigue exposition, which he is able to utilize. This capacity is exhausted in the course of his service. The kind of exhausting can be quite different. Considerably low required levels of 
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 for short time interval. Of course, the total disposable capacity of fatigue exposition of particular pilot can be improved by intensive training. The existence of individual 
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 limits causes that even in the case the lenght of service of pilots in certain military air activities could be considerably short, the pilot disposable 
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 capacity could be eventually exhausted considerably soon, if the requirements on his attention level are too high. When operating with modern fast aircrafts, the pilots can considerably often face according our knowledge to a such situation, in which they become to be near or even over the limits of their 
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 capacity.

In the case of limited adaptation we shall assume that the actual attention distribution over the tasks will be determine by measuring and by testing of control and decision pilot activities.

The attention measuring will be realized ( with respect to the ACE project ) by the gaze-tracker. The gaze-tracker provides real time information on where the pilot makes fixations. This locations are associated with instruments or information sources and this an indication for which tasks the pilot is involved in.

The attention distribution with respect to the pilot commands and decisions will be identified indirectly by testing of activated systems and procedures, and by utilizing of a priory knowledge. When we introduce the input linguistic variables 
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, then the process of actual attention determining can be described by the rules
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Corresponding rule base system can be represented by Fig.7.
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Fig.7: Actual attention determining.

Note, that the pilot activities with respect to the aircraft can have the form of continuous or discrete input signals. Discrete inputs, it means the selector setting by pilot to the board systems, are assumed to be available at hardware level. Continuous inputs are the actions performed by the pilot for the flight control. There are above all actions on the stick and on the throttle. This actions can be used for the estimation of pilot workload level and can serve as a context information in order to modify distribution of pilot attention.

The inference subsystem generates the adaptive mode on the basis of knowledge about the pilot desired and actual attention distribution. By other words the subsystem determines the discrepancy between requirements and reality, and selects the suitable pilot attention distribution over board systems. Obtained result is realized by means of the adaptive support.

5. Conclusions

Summarizing, we can state that the knowledge approach is an effective means to the ACE system design. This one makes possible the ACE system representation at the form of multipurpose knowledge based system. Hence the uniform solution of all corresponding problems is warranted.
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