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Preface: 

The draft of report presents mainly the contribution to state of ACE project solving from the last report version.

ACE – System Analysis, Design and Simulation

1. Introduction

The present scientific and technological advance is very important source of the progress in many branches and in aviation as well. The very promissing way how to enhance the effectiveness and safety of the Pilot-Aircraf system is the exploitation the modern cybernetic or informatic, principles, approaches and methods to synthetise and design the sophisticated intelligent, flexible and for pilot very efeective and user-friendly interface.

1.1 ACE project formulation and input

The problem of the fundamental improving of the pilot – aircraft interface using the advanced information technology and results of progress in aviation and in other allied branches of science and technology led to formulation of NLR’s project ACE - Adaptable Cockpit Environment. The consideration, resources and objectives are formulated in Memorandum VE-2000-002. It says that: 

The role of the pilot in future air combat is expected to remain essential. However, technological advances are required to provide a `competitive edge' and involve increasingly sophisticated tools for executing the mission. The challenge will be to create an environment that: 

a) allows humans to adequately deploy their unique qualities, and 

b) fully exploit the power of the technical resources available to support the mission. 

Advances in information assessment, artificial intelligence, psycho-physiological processing, and human-interface technology create opportunities for an efficient sharing or exchange of human and machine functions. This human-machine `partnership' will relieve pilots of the burden of managing tasks that are not directly or momentary essential for mission accomplishment while allowing them to keep or acquire full awareness of the essential task and mission information context(s).

The new generation of aircraft will be equipped with adaptive cockpit interfaces. This kind of human-interface technology will dynamically adapt or be reconfigured in-flight according to a number of options:

· flight status, aircraft parameters and mission phase,

· actual performance and momentary work(over)load of the individual pilot, his/her psycho-physiological state, and control mode,

· training and experience level(s) of the pilot(s).

The `adapted interface' will modify the presentation of data, depending on the state and capacity of the pilot. It only presents information the pilot really needs for performing and survival and will present it in the most effective mode and/or location. The general idea behind this interactive technology is to ensure that the pilot is able to guide and use his attention in the most optima) way to prevent overload. Hence, an optima) `supportive' adaptable cockpit environment (ACE) that acts as a so-called `team player' is provided. The following main information and data elements should be `researched' to enable dynamic adaptation and reconfiguration in the future:

· dynamic assessment of the goals and sub-goals of a flight mission because information about the mission should be assessed on line (aircraft mission phase data and tactical situation),

· real-time monitoring and determination of the pilot's state (control mode, intent, possible errors, workload levels) and estimated human processing capabilities (on line experience level, fatigue, etc.),

· interpretation of the pilot's state data and the use of rules of thumb to determine the most likely opportunities for adaptation.

Earlier research has concentrated on assessing (deriving) vehicle-state in the mission but with varying levels of success, mainly due to ineffective means of communicating between man and machines. The goal of the present study is the definition and evaluation of a prototype adaptable interface technique to identify the specific automation requirements and practical utility of this innovation in military cockpits.

1.2 Objectives

In Memorandum are presented objectives of the ACE project:

ACE is an explorative study, directed towards the usefulness and added value of adaptive automation during (simulated) mission execution. 

· The first objective of the project is the definition of a dynamically Adaptable Cockpit Environment whereby the inn's and out's of such technology itself is of utmost importance. 

· The second objective is the dynamic assessment of external data as vehicle-, pilot- and mission parameters. 

· The third objective is the evaluation and interpretation of the assessed data with use of background knowledge. 

· The fourth objective is the design of the adaptations to be made. 

· The final objective of the project is to study capabilities and limitations of adaptive automation.

To achieve these goals, several project activities have to be conducted that are described in Chapter 4 of Memorandum.

1.3 Report objectives 

The report is aimed at sumarizing the starting knowledge – conditons and fundamentals – for ACE project solving and it is especially oriented to workpackages 3-5 being processed on MAB. The objective is to present further approaches and methods for ACE system design and namely to formulate the way and conditions of the reference modul construction. The application of intelligent control principles appears to be the promissing approach to ACE system analysis and it is expected to be an efficient mean for the system design.

1.4 The actual report draft objective

The presented report draft is to show contemporary solution state of ACE project in MAB. The final reports concernig three workpackages WP3 - WP5 are expected in October, 2002. This WP3 Report draft presents especially actual wiew on ACE system, ways of its solving and some other results documenting both actual state and expected form of ACE solution. Other results concerning WP4 and WP5 are presented in corresponding report drafts.

The objectives of this draft are to present:

· the accepted ACE system structure and its formal representation,

· the reasons why such system concept and structure and its proximity (better identity) with NLR’s and TUD’s concepts

· the accepted computational environment both for system databases representation and for ACE system simulation and testing.

2. The ACE system concept and structure

2.1 System approach to the ACE design

The ACE system design issues from the important system reqirements. This system is expected to be a cybernetic system that comprehends in the largest sense. It involves
· the man – pilot;

· machine –aircraft, its equipment, weapon systems to be operated;

· the sophisticated intelligent man-machine interface; 

· constraints, including:

· stated goals, mission, tasks;

· accepted guality criteria;

· man – pilot psychic and physical characteristic, experience and mental state;

· characteristics and technical limitations of machine;

· environment and its affection on the ACE system performance.

The main objective of this system is to control technical part of system to achieve the mission objective in the best way in the sense of accepted quality criteria and according to given constraints. It means that the main task of the ACE is adaptation.

The adaptation as the system task can be solved when it is known: WHEN, WHAT, WHY and HOW. In case of ACE adaptation can be stated:

· WHAT?  - the cockpit interface - to change the structure and modes of performance of the cockpit interface, structure, ammount and way of presentation  knowledge/information to pilot. It means that some possible adaptation actions must be specified – the design of the adaptation action set (AAS) is the substancial problem of adaptive system synthesis. 

· WHEN? – it is necessary, possible or useful to support the pilot in actual situation and actual pilot state that are afecting his performace. The situation implyies the adaptation process and the design of the situation set (SS), i.e. specifying the variables of situation that affect the pilot behaviour and state, is important task of system analysis.

· HOW?  - this problem is an answer to the question: what adaptation action is to be performed in some situation, i.e. the law of adaptation or the mapping from SS to AAS is to be designed. 

· WHY? – to support and to save the pilot and to achieve the best system performance.

Three main groups of variables from three diffrerent sources could be in the situation set. They are

· xP - variables concerning the pilot – the human part of system, describing state, characteristics and behaviour of the pilot; including variables of internal (mental and physical) state of pilot, attributes of pilot behaviour;

· xM - variables concerning the machine part of system; including parameters state and behaviour of avionics, weapon systems, warning systems, communication equimpent, etc.

· xE – environmental variables – describing external influences that involves weather, light, noise … and of course occuring enemy and changes of tactics situation, etc.

This group of variables could be observed and processed relatively atonomously

From the cybernetical view the ACE system could be presented as a general knowledge system describing the mapping from SS to AS, Fig.3.1. 
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Fig. 3.1  ACE – as a general knowledge system 

The input data bearing information about system and its environment are simple facts (pieces of information or knowledge), output data – commands for actions are statements what to do and law of adaptation - the mapping to be found – is in fact the knowledge processing system infering the correct answer (adaptation action) on the question (situation). This system involves diverse groups of knowledge in appropriate knowledge reprezentation languages (formal logic system, production system, bneural netwoks, …) and both declarative and procedural interpretation. Because of the apriori articulation of the SS, the ACE-GKS could be expressed in form of a triple subsystems, Fig. 3.2. 


[image: image2.wmf] 

X

E

 

P

E

 

G

E

 

A

M

 

A

 

S

E

 

A

E

 

A

P

 

 

S

E

 



EMBED Word.Picture.8[image: image3.wmf]X

P

P

P

G

P

A

M

A

S

P

A

P

A

E

S

P



[image: image4.wmf] 

X

M

 

P

M

 

G

M

 

A

E

 

A

 

S

M

 

A

M

 

A

P

 

 

S

M

 


Fig. 3.2. ACE system as a triplet of P-, M- and E - subsystems

The collaboration of all three subsystems is evident from next picture, it is performed trough the context, input of on subsystem is a context for second two subsystem, see Fig.3.3.
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Fig. 3.3  ACE – collaborating triplet of P-, M- and E - subsystems

The starting concept of ACE system pesented in Memorandum VE-2000-002 in slightly modifyied form to be getting near to the ACE system as knowledge or expert system is in Fig. 3.4. The part of system constructing the situation set is presented by the Reference module (or. subsystem) that  involves the Knowledge base, Base of facts and Base of apriori task knowledge. The reference module is in fact subsystem for processing the input information about pilot, machine and environment using the background knowledge to specify actual situation. The inference – realization of the adaptation law is performed in the inference module.

Fig. 3.4 ACE system structure – variant NLR/MAB -[image: image10.wmf] 
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The application of the procedural wiew on the ACE system led to structure of system in form of Fig. 3.5. 
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Fig.3.5 ACE system structure - variant

This variant of ACE system structure stresses procedural properties of system and its submodels are unique for data about pilot, avionics and for environment as well. The reference subsystem processes the input (measured, observed) variables (. It is using the objective representation model for exerting the objective in knowledge processing. The two models of system behaviour are used, the model of normal behaviour for checking the normal state of system and the model of specified non-normal behaviour for fast ascertaining some non-normal situation. There is a possible structure of the inference module involving the aggregation module for preprocessing the input information x, the production module providing choice of action command ( lead to the Adaptive Interface. The inference strategy module provide the inference process.

2.2 The present ACE structure

Because of the ACE system is aimed to help and support the pilot to achieve the most effective performance the machine-human system and to ensure the pilot capacity, health and life, the pilot is the most important part of the whole system. 

The pilot performance is more or less affected both by the situation (tactic situation, state of machine ie. aircraft, technical equipment, weapon systems, comunication, state of environment …) and by some actual internal state (fatique, overloading, vigilance, …). It is necessary, possible and appropriate to convert the group of measurable variables creating situation to group of variables bearing information mainly about the pilot state and about machine state as well. This set of variables we can introduce as the generalized pilot state set or the system state set. Then the adaptation process of ACE is directly initialized by the magnitude of the system state. 

Taking into account this system articulation, the next ACE structure, preesented in Fig.3.6., is now accepted. 

The generalized pilot state (or system state) is reconstructed from ipnut data – observed variables. In general, the system state consists from three groups of variables predicating about the state of pilot. 

First of them is set of variables expressing the Bio State of Pilot (i.e. mental and physic state of pilot) that is determining by the Pilot Biostate Recognizer. It is system for direct measuring and processing the variables giving information about an internal pilot state. 
The second group of variables are derived from the behaviour of pilot comparing with the model of pilot behaviour (that is part of pilot model) including both normal behaviour model and non-normal behaviour model of pilot. This procedure is performed by the Pilot Behaviour Recognizer.

The third way, how to reconstruct the state of pilot, is to state the hypothesis about the influence of technical part of ACE system and environment of the system on pilot state and behaviour. This pilot state variables are provided by the Pilot context assessor. This is subsystem processing the information about system behaviour, namely about desired behaviour of whole system including the desired activity of system, information about actual tactic situation, information about the actual technical state of technical part of system, information about environment. This variables are processed in the Pilot state context module and they are taken into account as the important context for the adaptation action determining.

The substancial part of the Pilot context assessor is the Situation Assessor & Recognizer (SAR). Its subsystems are the Task and Mission Recognizer, the Avionics state recognizer and the System environment recognizer. The SAR colaborates with the Avionics Model and with the Function and Task Database.
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Fig. 3.6 The ACE Structure

In the system state set it is possible to find variables of XP XM and XE. 

The accepted ACE concept is in fact the same like NLR’s and TUD’s variants. The knowledge approach gave this structure is unifyied frame, make possible to formulate it as an open structure and to create the ACE system step by step from starting simple form to more sophisticated and effective one. 

2.3 The ACE system variables

For constructing the ACE system the appropriate system variables are used. Preview of groups of variables with their symbolic names is in Table 3.1.

Table 3.1                                      Groups of variables

name


   IN          What  affects the pilot behaviour

IN1
internal pilot state (biostate)

IN2
dangerous stimuli (occurring enemy, …)

IN3
dangerous provided actions

IN4
dificulty of provided actions (both mental and physic)

IN5
unnormal environmental

IN6
cumulation of stimuli

IN7
cumulation of actions to be provided

IN8
others

  AA           Adaptation action set - general structure

AA1
Adjustment of presented information ( What ,How, Where ).

AA2
Aligning of presented information ( When ).

AA3
Warning signals according environmental changes and stimuli.

AA4
Warning signals according internal pilot state.

AA5
Warning signals according machine defects.

AA6
Decision supporting information, recommendations

AA7
Machine help – downloading of responsibility from pilot to machine in solving some tasks

AA8
others

   MV         Measured situation variables for the system state set construction

MV1
internal pilot state

MV2
pilot behaviour (actions)

MV3
machine dynamics state variables

MV4
mission, tasks, functions and flight events

MV5
communication stimuli and device state

MV6
weapon system state

MV7
warning devices stimuli and states

MV8
environmental state and stimuli

MV9
others

     X          System state variables

X1
pilot biostate variables

X2
pilot beahaviour characteristic

X3
pilot performance event

X4
pilot workload measure

X5
pilot state contextual variables

X6
selected variables from group MV

X7
others

The adaptation action set AA is not still defined in detail. The possible adaptation depends on possibilities of the technical level of designed adaptive cockpit interface. 

3. The SAR construction

The important subsystem of the ACE system is the Situation Assessor and Recogniser. The part of SAR the Task and Mission Recogniser is designed for continuous identification of the type of  Mission  type of Task and type of Function. This information – involved in magnitudes of semantic variables is very important context for adaptation, especially in case of changing of tactic situation. 

3.1 The knowledge format of TMR 

The knowledge model of TMR deal with the knowledge in hierarchic way. The fundamental semantic variables describing are 

<mission>, <task>,<function> and <event>.

The more general variable is <mission> that is name for a set of functions, ie.

<mission_i> := {<task_1>,< task _2>,< task _3>, ….,< task _ Nfi >}

By analogy

<task_i>:= {<function_1>,<function_2>,<function_3>, ….,<function_Nmi >}

and

< function _i>:= {<event_1>,< event _2>,< event _3>, ….,< event _ Nti >}.

These expressions are rules of knowledge system representing the pieces of knowledge about the structure of missions. They make possible to infere (recognize) the actual task, function (in some case mission) from actual events, memorized events and tasks and context giving information namely about planned mission. 

3.2 The knowledge system TMR

The simple system structure is in Fig. 3.7. This structure corresponds to a general knowledge system (or expert system or rule-based system) having three main parts, i.e. knowledge base – base of rules, base of facts – memory ant inference engine. 

Because of the structure of knowledge, the TMR could be taken as a three level hierarchic rule based system composes from three production systems. Its structure is in Fig.3. (The highest misson-level is in the lowest position in this figure).
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Fig.3.7  The general TMR structure
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Fig.3.8   The hierarchic TMR system

All three subsystems are knowledge – rule based systems and they provide typical diagnostic task by means of one-step inference. The output of higher subsystem is used as a context for the lowest subsystem.

3.3 Main Mission Types for Tactical Air Force (TAF)

The types of missions for TAF are given by NATO regulations, according them the SAR databases are constructed and fulfilled. The preview of accepted mission types folows:

Focused on A-G interception

Counter Air Operations (CAO)

· Offensive Counter Air (OCA)

· Defensive Counter Air (DCA)

· Suppression of Enemy Air Defense (SEAD)

Anti Surface Force Air Operations (ASFAO)

· Air Interdiction (AI)

· Close Air Support (CAS)

Strategic Air Operations

Individual actions to support an operation of a great importance or its part.

Supporting Air Operations

· Electronic Warfare (EW)

· Airlift

· Air Surveillance and Reconnaissance

· Search and Rescue (SAR)

· Airborne Command and Control

· Special Air Operations

· Air to Air Refueling (AAR)

Therefore, attacking against ground targets may be a part of different mission types. For example: CAO (attacking air bases, aircrafts on the ground etc.), ASFAO (preplanned or occasional part of CAS or AI ), planed strategic air operation against an important target or a special air operation of similar kind.

3.4 Ground Target classification

According to size

· Small size targets (AAD launcher units, radars, tanks, airplanes, motor vehicles, etc.)

· Long-narrow targets (convoys, trains, etc.)

· Wide area targets (concentration of equipment, battery position, etc.)

According to endurance

· Low endurance targets (radars, missiles, uncovered airplanes, etc.)

· Medium endurance targets (cannons, armored personnel carrier, etc.)

· High endurance targets (tanks, covered places, etc.)

According to composition

· Single targets

· Group targets

According to movement speed

· Moving targets

· Non-moving targets or target slower than 5ms-1
3.5 Methods of ground attack

In our conditions, we will focus on bombs, excluding the use of missiles at this time. 

According to altitude

· Low-altitude bombing (LAB)

· Medium-altitude bombing

· High-altitude bombing

According to method

The bombs may be released during different pilot’s maneuvers:

· horizontal flight

· dive

· climb

Now, we will focus on Precision Guided Munitions (PGM), especially to Laser Guided Bombs (LGB). The principle of these weapon systems is as follows: chosen target is irradiated (designated) by laser beam (special device which could be mounted on board of an aircraft or handled by land troops). The weapon system detects the reflected beam and train on it. Than (or during the process) the pilot has to vector the aircraft to follow the axe of attack keeping the envelope of altitude, speed and range angle to satisfy obligatory conditions for ballistic weapon systems. The release itself may be performed either automatically or manually, depending on the system settings.

There are several ways how to designate a target, according to the subject performing the marking:

· designated by the airplane executing the bombing

· designated by another airplane

· designated by Forward Air Controller (FAC) (land unit)

Pilot class note

Usually the ground interception mission is practiced by a squad of two airplanes. There is a big difference between Alfa and Bravo Pilot activity. Alfa Pilot leads the squad, carries out the communication, looks for target and decides whether and how the attack is executed. Bravo Pilot follows the leader, looks for the air and ground threats (enemy airplanes and AAD), covers the leader and performs the actions according to leader orders. Therefore it is difficult to separate the activities of each of them. Let’s have a look at a simple concrete ground interception mission.

3.6 Mission description

Squad of two airplanes will execute a planed A-G interception against a visible single small size armored target which does not move. AAD of enemy has been corrupted and meteorological conditions are favorable. No clouds, wind SE 3ms-1, visible range of 6500m.  The operation of medium-altitude (12000ft) bombing will be performed during daytime. The LGM GBU-10 weapon system will be used in automatic mode. Each airplane provides its own target designating. Distance between the machines during bombing will satisfy the security exigencies (bomb fragmentation range). Both of the airplanes will bombard.

3.7  Execution of mission

(Bravo Pilot point of view)

· block of  inspections and check-outs, switch on the engine, check-out

· taxi to the end of RWY

· brakes on

·  check-out [hot pit refueling]

· waiting for permission to take off

· reconfiguration of flaps and trims

· order to take off

· full throttle, brakes off

· running

· take off

· pull up, stabilize

· gears up

· climbing

· joining the squad

· reconfiguration of flaps, stabilize

· ingress to workspace (simplified)

· changing position in of squad to attack formation (train)

· stabilize

· reaching the axe of attack

· set to GBU-10 in automatic mode, unlock the weapons, designating on, stabilize

· designating of target

· lock the target

· keep the right altitude, speed, range angle, stabilize

· automatic release

· verification of impact

· egress the workspace

· stabilize

· rejoin the squad

· stabilize

· return to base (simplified)

· release of non used mention if necessary

· leave the squad

· stabilize

· wait for permission to land

· stabilize

· final approach

· reconfigure flaps, gas, gears down, air-breaks, stabilize

· touch down

· breaks, gas down, stabilize

· taxi out of RWY

· engine off.

3.8 The TMR knowledge base

 The articulation of the mission to functions, functions to tasks and tasks to events is the most important task in knowledge base design. At present is the analysing and testing the appropriate structure of knowledge in process. 

In Tab.1 are examples of possible missions, tasks, functions and events. Then the example of the mission, task, function decomposition is presented. 

Tab. 3.2  Examples of the types of mission, task, function and event

Mission
Task 
Function
Event

· common

· air – air

· air – ground

· special

· …
· system switch-on

· taxi

· system testing (ground)

· take-off

· take-off abortion

· navigation

· forced landing

· ejection

· air intercept 

· dogfight

· attack gound

· ground controlled intercept

· joining group

· ...
· horizontal fllight

· standard turn left <30° 

· standard turn left <60° 

· standard turn right <30° 

· standard turn right <60° 

· flat turn left

· flat turn right

· ascent <5m/s

· ...

· descent <5m/s

· ...

· combat turn left

· combat turn right

· ejection

· ...
· Throttle 0 (0% - 10%)

· ...

· Throttle 10 (90%- 100%)

· Afterburner

· Rudder –5

· Rudder –4

· Rudder –3

· ...

· Rudder 4

· Rudder 5

· Elevator –5  (-25° - -20°)

· Elevator –4  (-20° - -15°)

· ...

Mission decomposition example:

Mission: Planned ground intercept,

composed of followed tasks: 

1. System switch-on

2. Taxi to RWY

3. System testing (ground)

4. Take-off

5. Navigation to workspace (following the waypoints)

6. Attack ground target

7. Navigation to airport (following the waypoints)

8. Initial approach

9. Landing

10. Raxi

11. System switch-off

Example of task decomposition to functions: 4.Take-off

1. Breaks OFF

2. Runway drive

3. Take-off

4. Ascent <5m/s

5. Gear OFF

6. Horizontal flight

4. The computational environment for ACE

According to the requirements of efficient cooperation there are some decision taken by MA Brno regarding their part of ACE project, named WP3 and WP4.

4.1 The ACE databases environment

The knowledge structure of the ACE system led to using any appropriate database system for the declarative ACE knowledge models representation and for inference performing, as well. The most important databases to be fulfilled are database of the Situation Assessor and Recogniser SAR and the Function and Task Database FTDb.

DataBase requirements

To provide data transmission between MA Brno and other members of the team, (NLR and TU Delft), MA Brno decided to use MySQL database system by MySQL AB company for these reasons:

MySQL is widely distributed free system under the GNU/GPL license

MySQL is system proved on many of HW/SW platforms (MS systems, Linux, most of UNIX systems, Solaris for example, etc.)

MySQL supports conversion to different types of commonly used DB systems

MySQL is fast for small and medium size databases (as each subsystem of ACE is supposed to be)

MySQL is supported by various scripting languages

MySQL is well suited to be managed over internet using a simple world wide web viewer

Last two points should allow some verifications of architecture and tendencies of the subsystems and validation of structure and values of the databases created. Once a ACE www site is created, each participant should have an access to the system to prove what’s done, to comment and to discuss problems

Probably the real system will necessitate some specialized hardware architecture to satisfy the real-time exigencies, but for the needs of development could be useful.

4.2 The auxiliary software for the ACE simulation and testing

For testing the functionality of the ACE submodels by means of simulation the common environment – MATLAB/SIMULINK is used. 

 5. The ACE simulation experiments and results

In MAB has been created the ACE simulator concept. The concept of the ACE simulator is in Fig. 3.9. It has very similar structure like the ACE system. The number of processed variables is not limited, but it is supposed it could be limited and modified according the demand of real adaptation process. The ACE simulator involved all necessary submodels of ACE, some of them cold be in very simplified form. The adaptation is supposed to be based on reactive, predictive and state memory principles. 

The crucial point of all such system simulation is necessity to simulation all necessary observed variables and if it is without real pilot participation the pilot must be modeled. 

To test the functionality of the whole ACE system it is necessary to create and implement more or less complex and more or less qualitative models of all parts of ACE. It makes possible to start from simple models and then enlarge simulation model according more system analysis, additional a priori knowledge and further experiment results.

In MAB is being created the simulation program in MATLAB environment. Now we are testing the simplified version with 10 observed variables, 5 system state variables and 3 symbolic action. 
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Fig.3.9 The ACE simulator concept

6. Results

Creating of the database for the adaptive cockpit supposes consistent analysis and the decomposition of all missions till the functions. Basic on the mission analysis and on the optimal choice of the functions for their realisation is possible to design such sequence of the activity, that is the best for the task performance. In some real situations will be necessary to modify particular functions, optionally their components-functions. Consequently upon creating database will be necessary to divide adventitious date according character i.e. according influence on the particular levels of the hierarchical decision system, using the components of the artificial intelligence.

The aircraft board equipment of the next generation will be by the choice of functions for the optimal performance of particular mission important influenced by decision processes in the adaptive cockpit.

In short report the fundamental for the knowledge SAR system design. Its construction is in progress.

G – objective variables


P – auxiliary parameters


X – state variables


S – situation set, situation 


A - action set, action


S – mapping - adaptation law


indexes:


P – concerning pilot


M – conc. avionics (machine)


E – conc. environment of ACE system
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