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ABSTRACT

Flight accidents with modern aircraft are often a result of
complex dynamics of the "pilot (automatonl) - vehicle -
operational environment” system. When a “critical mass”
of the system’'s complexity exceeds a certain level, a
"chain reaction" of irreversible cause-and-effect links can
be spontaneously triggered in the system behavior lead-
ing to a catastrophe. An affordable, practically tested
technique is proposed to complement current methods of
flight accident analysis. A generic situational model of

mean to underestimate the problem. A side effect of
such reactive, "mono-factor” approaches to flight safety is
a danger of reoccurrence of past accident patterns in the
future. Flight accidents with modern aircraft can be
explained using the notion of "chain reaction"?. When a
"critical mass" of the system's complexity exceeds a cer-
tain level, "chain reaction” a of several interrelated events
and processes3 can be spontaneously triggered in flight.
Flight automation based on human- or computer-cen-
tered principles can make potentially catastrophic links in
the system dynamics even less predictable and manage-

the system behavior and a computer 3
virtual test article. This model include
freedom non-linear flight dynamics moc

[obsolete affiliation information omitted]

e two goals of flight accident analysis.

ational pilot model ("silicon pilot”), models of anticipated
operational factors (conditions), and a tool for flight sce-
nario planning. Available flight recorder data are used to
tune the model and reconstruct the accident. Then the
model is used for in-depth examination of the accident's
"neighborhood” in autonomous "what-if" simulation
experiments under actual and hypothetical conditions.
The latter may include pilot errors, piloting tactics varia-
tions, onboard system's failures and errors, and weather
conditions, as well as combinations of these factors. Pro-
gramming and piloting skills are not mandatory for the
user. Potential applications include: flight accident inves-
tigation under uncertainty, advanced pilot training,
research into aircraft practical aerodynamics, design of
automatic flight control systems, and onboard Al technol-
ogies for flight safety.

RESEARCH TASK

PROBLEM - Flight accidents are often a result of com-
plex dynamics and negative interactions in the "pilot
(automaton) - vehicle - operational environment" sys-
tem. Blaming a single operational factor for an accident,
such as "human error" or "mechanical failure", would

1. control mechanism designed to follow automatically a pre-
determined sequence of operations or respond to
encoded instructions

- to identify a cause-and-effect chain
responsible for a catastrophe. The second one is to
develop a proactive, physics-based remedial strategy for
prevention or resolution of the given and similar accident
patterns in the future. To achieve these goals, adequate
analytical methods are required. Manned simulations,
flight testing, flight dynamics analysis and formal logic
methods used for accident examination have inherent
limitations. This explains in part the fact that the causes
of several aviation catastrophes remain unknown [2, 3].

SOLUTION APPROACH — An affordable, practically
tested technique is proposed for flight accident analysis
under uncertainty. A generic model of the "pilot (automa-
ton) - vehicle - operational environment” system behavior
and a computer (PC) are employed as a virtual test arti-
cle. This model includes a situational pilot model ("silicon
pilot"), models of key (anticipated) operational factors of
flight, a tool for flight scenario planning, and a non-linear
six-degree-of-freedom model of the vehicle motion.
Flight records and other source data are used to tune the
model, identify unknown weather conditions and recon-
struct the accident's profile with the assistance of the "sil-
icon pilot" and scenario planning tool. Then, this model
can be used for detailed examination of a complex situa-

2. irreversible propagation of strong cause-and-effect links in
the system behavior [4, 1, 6]
3. which are not critically dangerous alone



tional sub-domain around the accident (accident’s "neigh-
borhood") in autonomous® simulation experiments. The
objective is to assess the sensitivity of the accident sce-
nario to key operational conditions in a systematic way.
These factors may include pilot errors, piloting tactics
variations, onboard system's failures and errors, weather
effects, as well as combinations of these conditions.

BENEFITS — As the result, various operational hypothe-
ses concerning a complex flight accident can be checked
in detail. A distinguishing feature is that this task can be
accomplished by a non-pilot and without a flight simula-
tor. Programming skills are not mandatory for the user.
However, a pre-requisite for the use of this method is the
availability of a comprehensive database of the vehicle’s
input characteristics. In simulation experiments with the
model, real, hypothetical and mixed scenarios can be
modeled in detail, quantitatively evaluated and stored in
compact formats on a computer for future reuse. Thus,
possible alternative developments of the accident and its
"neighborhood” can be quantified and compared. Poten-
tial application domains include flight accident investiga-
tion under uncertainty conditions; advanced pilot training;
research into aircraft applied aerodynamics, automatic
flight control systems, and onboard Al technologies for
flight safety [4, 6].

PAPER CONTENT - In this paper, a generic method is
proposed for quantitative and qualitative analysis of a
flight accident under uncertainty based on an autono-
mous flight situation model. A system of input data struc-
tures of the model is presented in detail. Main research
steps of the analysis method are briefly described. A
case study of a severe flight accident, which has been
examined by means of this method, can be found in [4].
This paper is addressed to researchers, managers and
students working in the sector of flight safety enhance-
ment.

INTRODUCTION TO METHOD

In this section, general concepts of the method will be
introduced.

DEFINITIONS — The system under examination is a "pilot
(automaton) - vehicle - operational environment” sys-
tem. The main operational factors (or conditions) of
flight, which may contribute to flight accidents, are asso-
ciated® with the three major constituents of the system,
namely: human pilot (or automaton), vehicle and its sub-
systems, and external operational environment. There-
fore, flight accident analysis should be performed on the
system level. The subject of analysis are the system
dynamics under complex (multi-factor) flight situations.

4. the autonomous flight simulation experiment means that
neither a pilot nor a flight simulator are required [1]

5. except for the acts of terrorism and other force majeure
situations

The flight situation can be defined as a recognizable frag-
ment of flight, which lasts from several seconds to several
minutes, depending on the scope of analysis and vehicle
mission. Each flight situation has specific objectives,
logic and operational content, which require coherent
pilot control tactics. Normally, a flight situation is associ-
ated with (and thus can be named after) a distinctive
phase, stage or mode of flight. It also includes key
demanding operational conditions (factors) affecting the
situation. The complex (multi-factor) flight situation is a
flight situation, which incorporates several interacting
demanding conditions (factors).

The “chain reaction” situation is a complex flight situation
with quick and irreversible propagation, towards a catas-
trophe, of strong cause-and-effect links between several
component factors [4, 1]. Under such chaining conditions
any subsequent control input may become inadequate or
inefficient. Therefore, the flight accident can be consid-
ered as a complex or "chain reaction” flight situation.
One of the requirements to the flight accident analysis
process is to have a capability of generating comprehen-
sive knowledge of complex system dynamics in an acci-
dent in the presence of several operational factors. As a
"knowledge generator”, an autonomous flight situation
model is proposed.

AUTONOMOUS FLIGHT SITUATION MODEL - The
autonomous flight situation model is a system of generic
algorithms and data structures, which are designed for
modeling and simulation of the behavior of the "pilot
(automaton) - vehicle - operational environment” system
under standard and complex flight situations. In this pro-
cess, a human pilot and a flight simulator are not
required. The model consists of the following main com-
ponents:

« a situational pilot model ("silicon pilot")

* a tool for automated planning and execution of flight
scenarios in simulation experiments

« mathematical models of key operational factors of
flight (pilot errors, rain and wind conditions, mechani-
cal failures, runway surface condition, atmospheric
condition, and some other), and

* a six-degree-of-freedom non-linear mathematical
model of the vehicle motion.

As the result of such synthesis, the model is capable of
adequate description and flexible computer simulations
of complex system dynamics under various demanding
operational conditions. Again, a pilot and a flight simula-
tor are not required.

INPUT REQUIREMENTS — A pre-requisite for success-
ful application of this method is the availability of a six-
degree-of-freedom non-linear mathematical model of the
vehicle motion under anticipated conditions. In particular,
the following groups of input characteristics are required:
aerodynamic characteristics, stability and control deriva-
tives; moments and products of inertia; engine data



(thrust characteristics, including reversed thrust, and fuel
consumption, etc.); specifications of the automatic flight
control system (sensors, logic, actuators, effectors, etc.);
landing gear characteristics (shocks, wheels, brakes,
control, etc.).

PURPOSE AND TASKS — The purpose of the proposed
method is to help identify and mitigate “chain reaction”
situations in the behavior of the “pilot - vehicle - opera-
tional environment” system based on autonomous com-
puter simulation experiments and past flight accident
patterns.

There are two tasks in this analysis process. The first
task is to reconstruct the accident and calculate its char-
acteristics, using the autonomous flight situation model
and flight recorder data. The objective is to reveal an
invariant, physics-based causal pattern (scenario) of the
accident. The second task is to examine the system
dynamics under hypothetical “neighboring” flight situa-
tions. The objective here is to assess the sensitivity of
the accident scenario(s) to various demanding opera-
tional conditions and thus reveal a "what-if" (branching)
structure of accident's "neighborhood". The recon-
structed flight accident and the cause-and-effect struc-
ture of its “neighborhood” constitute the output of the
flight accident analysis process. Finally, a subset of safe
situations, which are sufficiently robust to anticipated
fluctuations in key operational conditions, can be pro-
posed as a basis for recovery tactics.

PREVIOUS APPLICATIONS — In 1985-98 more of this
method had been applied to study about 35 problems in
flight safety related fields for 17 aircraft types and three
design projects, including airplanes, helicopters, a tilt-
rotor aircraft and an aerospace vehicle [1, 5].

TECHNICAL CAPABILITIES — A list of capabilities of the
autonomous flight situation model includes:

« simulation of various actual, hypothetical, and mixed
flight cases with a required degree of accuracy and
detail®

flexible planning of various complex flight scenarios
* "what ... if ... ?" flight experimentation capability

fast tuning on to new, "neighboring" or derivative situ-
ations without the necessity to recompile software
simulation of a given flight scenario in exact detail or
with modifications at any time in the future
identification of key operational conditions of flight
(e.g.: wind shear, heavy shower)

virtual ‘freezing' of selected system state and control
variables to check work hypotheses

autonomy and independence (flight simulator hard-
ware, programming and piloting skills are not
required).

6. provided that a comprehensive aerodynamic and other
input data base of the vehicle is available

FLIGHT SCENARIO DATA SYSTEM

In this section, a system of definitions and unified data
structures, which constitute the input of the autonomous
flight situation model (the flight situation scenario), are
described. The level of description is sufficient for profes-
sional planning and execution of simulation experiments
with the model on a computer.

MAIN OBJECTS — A list of main data objects of the
autonomous flight situation model includes the following7:
« flight variable (v)
* flight event (E)
« flight process (I)
« elementary flight situation (s°)
piloting task (T)
system state observer (O)
control procedure (P)
onboard system’s failure (F)
rain type process (R)
wind type process (W)
time-history type process (H)
runway surface condition ()
flight situation scenario (S).

These objects are sufficient for comprehensive modeling
and simulation of complex flight situations, including acci-
dents. The rest of this section contains a detailed
description of these objects with examples, as well as the
relationships between them.

FLIGHT VARIBLE — The flight model variable (flight vari-
able, model variable, or system variable), v, is a time-
dependent parameter, which describes a certain aspect
of the system behavior. Flight variables can be grouped
as follows:

* numeric, symbolic, fuzzy, linguistic, etc. (mathemati-
cal classification)

« discrete and continuous (classification by time occur-
rence)

* vehicle dynamics, flight control, airborne system
functions and failures, external conditions (classifica-
tion by system components).

Examples are as follows: altitude, airspeed, TAS, IAS,
wing AOA, Euler parameter e, roll acceleration (in stabil-
ity axes), g-factor, wind gradient, horizontal distance, flap
position, heading angle, last flight event, wheels position
flag, yawing moment coefficient due to thrust asymmetry
(body axes), left-hand gear shock absorber displace-
ment, elevator deflection due to autopilot, total lift coeffi-
cient (body axes), rain intensity, horizontal wind
component (earth axes), left engine thrust (body axes),
roll rate (stability axes), roll acceleration (earth axes),

7. for other objects ref. [4]



atmospheric pressure, etc. Note that the nomenclature
of variables produced in the autonomous model is much
broader than a set of variables recorded in a test flight.

In the system component classification, main vectors of
flight variables are: x = (xl, ..., X°) - vehicle dynamics, u =
(ut, ..., u9) - flight control, and w = (w?, ..., W) - external
(weather) conditions. The vocabulary of flight variables is
represented as an ordered set, V= { v}, ..., WX, ..., NV,
Note that in practical applications N(V) O {200, ..., 1000}.

The frame-specification of a flight variable from V
includes its code, minimum and maximum values (for dis-
playing and checking purposes), name, measurement
unit, coordinate system (if applicable), definition, and
some other attributes:

RIVI= {i Vmin Vmax, Nm, Un, Sys, Def. ...} (1)

For example, R[??] = { 22, -25.0, 25.0, roll_rate, deg/s,
body, "rate of change of bank angle" }. This frame
describes a flight variable v??, v?? = py, which is the roll
rate measured in body reference axes in degrees per
second. This variable has the code 22 in the vocabulary
V. It can be depicted as a graphic time-history using the
scale from -25.0 to 25.0 deg/s.

When planning a flight variable, it is important to remem-
ber about its physical unit and reference frames if appli-
cable.

FLIGHT EVENT — The flight event, E, is a special state of
the system, which indicates a noticeable change in the
current flight situation. Events are important to the pilot or
an automatic control system as they are used to plan and
modify flight scenarios and control tactics. Events are
essentially discrete components of the flight situation
model; an event lasts from a fraction of second to one-
two seconds. A list of flight event examples follows (sub-
scripts stand for event codes):

{ Eq1: "situation start”, E3: “speed VR achieved”, E,:

“pitch 10°”, Eg: "altitude 1,200 ft", Eq3: "altitude 30

ft’, E1q: “touchdown”, Eq5: “left wheel off the

runway”, Eq17: "left engine out”, E1g: “go-around
decision”, Ey3: “high AoA”, Egq: “situation end” }. (2)

A flight event is graphically depicted as a circle or ellipse
with the event name and code.

There are several types of flight events, including:
* independent and dependent (in the latter case a pre-
condition, or “if-event”, should be checked first)

» simple and compound (determined by the number of
elementary criteria in the event recognition criterion -
see below)

» "precise” and fuzzy (determined by the type of model
variable in the event recognition criterion)

* momentarily recognizable and recognizable with a
delay

 unique and periodical (repetitive), and
* single and serial.

Note that these class pairs may have non-empty intersec-
tions.

The main attribute of a flight event is the recognition crite-
rion, which has the following generic format:

Cr= ((V O R)l I12 (V O R) I23 (V O R)34 )
O (E O QAE)). (3)

The relationship (3) means that the event E becomes rec-
ognized, or “active”, in the model, i.e. E O QA(E), if the
compound logical condition (v O R); o (v O R) b3
(vO R)34 ...) istrue. An example of a compound recog-
nition criterion for the flight event Eq1: “runway touch-
down” is as follows: Cr = (H LE 0.0 ft) AND (NZ_MAIN
GT 0.0 kN) AND (CR_DURATION GE 1.5 s]). It means
that this event is recognized in the model, if:

« the altitude (H) is less or equal zero, and

* the vertical load on main wheels (NZ_MAIN) is posi-
tive, and

 the duration of the true condition for the criterion Cr,
CR_DURATION, is notlessthan 1.5 s.

Another example of a recognition criterion for a com-
pound event E,: “at circuit altitude”is: Cr = (H AE 1200 ft)
AND (V, BEL [-1.0; 1.0] ft/s), or, in mathematical nota-
tions, Cr = (H=1200 ft) & (V, O [-1.0; +1.0] ft/s). This cri-
terion defines E4, when the altitude is approximately
equal to 1,200 ft and does not change significantly, i.e.
vertical speed remains within 1 ft/s up or down.

In the relationship (3), (v O R);is an "elementary recog-
nition criterion”, which is a condition, which specifies a
certain (i-th) important aspect or component of the event,
i=1,2, ... These elementary criteria (v J R);are con-
nected by logical links, thus representing the compound
event as a logical composition of its important aspects.
In the elementary criterion (v J R); its right part R can
be defined by one of the following two methods: R=a Un
or R=[a; b ] Un, where b >a. For example, R = 300 ft,
or R=[2.0; 10.0] degr.

A list of events, which may occur in some flight situation
or a group of situations, is called the flight events calen-
dar, Q(E). The flight event calendar is a discrete frame-
work of a flight situation. During simulation, each event
from Q(E) can be in one of the following states: "not rec-
ognized" (NR), "just (or newly) recognized" (JR), "frozen"
(FR), or "recognized (past)" (R). Therefore,

QE)= oNRE) 0 Q'RE) 0 Q™RE) O QR(E). (4)

Note that a subset QAE), QAE) = Q'RE) O O RE),
contains events in a currently "active” state.

All events from QA(E) are to be specified for modeling. A
flight event can be defined by a subset of key attributes.
These key attributes are as follows: code, event-precon-
dition ("if-event"), name, list of variables to be memorized
when the event occurs, recognition criterion Cr, delay
(minimum duration of the "true" condition for the criterion
Cr required before the event is considered as "just recog-
nized"), life cycle (for periodic events only), and some



other. Thus, a generic frame-specification of a flight
event can be defined as follows:

RIEI= {i/F, Nm, (vi, ..., vy), Cr, T, A, ... }. (5)

If an elementary criterion can be used instead of a com-
pound criterion for reliable event recognition, then frame
(5) gets a simpler format:

RIE]= {ij%, Nm, (v, ..., v), (vOR), 1, At, ...}. (6)

For example, specifications of flight events E;, E3, Eg4,
and Eq5, which correspond to (6), follow®. R[E{]={10
“situation start” (20 77 32 76) (41 GT 0.0 s) 0.0 0.0 },
R[E3] = { 3 1 “speed VR achieved” (3 19 14 1) (77 AE
290.0 km/h) 0.0 0.5 }, R[E4] = { 4 3 “pitch 10 degr.” (77 1
20 3 (14 GE 10.0 degr) 0.0 0.3 }, R[Ey5] = { 15 3 “left
wheel off r/w” (84 77 14 12) (84 GE 0.0 kN) 0.0 0.5 }.

For example, the last frame R[E;s] defines the flight event
E.5: "left wheel off the runway", which is a conditional
event depending on the occurrence of the “if-event” Eg:
"speed VR achieved”. The event Eq5 will not be taken for
processing in the model until E3 has occurred. After that,
the event E is included into the subset of events QNR(E)
for recognition. The recognition criterion is simple:
NZ LEFT 2 0, where NZ LEET = \/34. Note that this criterion
must remain true during 0.5 second (t = 0.5 s) before the
event is recognized. When Eq5 is "just recognized"”, i.e.
Ei5 O QJR(E), the following variables will be memorized
for further analysis: { BV V4B },or { N2 LerT, Vias,
9, M}.

Below there are some recommendations for flight event
planning in the model:

» events should capture the physics and logic of sud-
den changes in a flight situation under study

* physical units of variables used in recognition criteria
should be carefully checked

* itis important to remember about logical and physical
dependencies between flight events

* the *“if-event” capability should be utilized in order to
make flight scenarios even more robust and generic.

FLIGHT PROCESS - Flight processes are the second
major component of the model after flight events. The
flight process, T1, can be defined as a time-history of one
or several flight variables, which characterize a certain
continuous aspect of the behavior of the “pilot (automa-
ton) - vehicle - operational environment” system in a
given situation. Depending on physical background,
flight processes may be divided into four groups:

« aircraft flight dynamics (longitudinal and lateral
motion?)

8. in frame-specification examples separating commas are
omitted

9. in the current version of the situational model, flight
dynamics type processes are embedded into a flight
dynamics code of the vehicle

* pilot's tactical decision making and pilot errors -
“piloting task” (T), system “state observer” (O), “con-
trol procedure” (P), “pre-defined time-history” (H),
and some other

» external operational conditions - “wind” (W), “rain”
(R), “runway surface condition” (Y), etc.

» onboard system functioning and system failures -
“function” (B) and “failure” (F).

Examples of flight processes are as follows: { T,: “keep
pitch at about 10°", Tg: “perform right turn at a 25° bank
angle and zero sideslip”, Og: “observe bank angle and
roll rate”, Pg: “flaps - down 0°- 30°", Py: “wheels - up”,
W1: “strong wind shear, accident of 03/06/85", Ry: “tropi-
cal shower of a trapezoid profile with the maximum inten-
sity of 400 mm/hr”, Y3: “‘wet runway”, By: “yaw SCAS
operative”, F: “engine #1 failure”, F1q9: “rudder hardover
to +25°"}.

Flight processes are used for modeling control tactics
and various operational factors: manual piloting, func-
tions and malfunctions of onboard systems, and weather
conditions. Each process has a specific purpose in the
logical structure of a flight situation. Unlike flight events,
flight processes are continuous (3-60 seconds long) com-
ponents of flight logic. A flight process is depicted as an
arrow with its tail emerging from one, "source", event and
the head pointing to another, "target”, event - see the
notion of elementary situation below for more detail.

Note. The level of flight situation formalization by means
of events and processes may vary depending on the
problem. A criterion for adequate mapping of a flight situ-
ation into a scenario is how realistically and reliably this
scenario reconstructs a particular situation and how sen-
sitive the model is to the input parameters of its events
and processes.

A united list of flight processes can be represented as fol-
lows:

QM= QM) I QO)IQP)I QH) ...
QB)IQF) O ...
Q(R) 0 QW) O Q) ... 7)

Flight processes are modeled according to their state
transition automaton, which is similar to the flight event's
state transition logic. There are four possible states of a
flight process: "not open” (NO), "active" (A), "frozen” (F),
and "closed" (CL), i.e. Q(M) = QN°() 0 QAM) O QF(m)
0 Q®4(M). "Active" and "frozen” processes constitute a
subset of "open” processes, i.e. Q°(M) = QAM) O QF(M).

ELEMENTARY SITUATION — In the flight situation model,
each process I normally runs between two events, the
“source” event and the “target” event. The source event,
E«, opens Il whilst the target event, E’, closes the pro-
cess during flight. Sometimes, a flight process may not
have a target event associated with it. In this case, it
means that the process is closed automatically, i.e. when
it reaches its objective. There may also be several pro-
cesses starting or/and finishing at the same event. An



interrelated triplet s, s = (E«, M, E*), is called the elemen-
tary situation, like, for example, the triplet (Es, Ty, E4) in
the examples above.

Due to heterogeneous physical nature of flight pro-
cesses, input frame-specifications of a flight process
depends on its type. Main types of flight processes,
which may be useful for accident reconstruction and
"neighborhood" analysis, include: "piloting task", "control
procedure”, “failure”, "time-history”, "wind", "rain", and
some other.

PILOTING TASK — The piloting task, T, is a flight process
used to formalize manual flight control in the model. A
piloting task represents some characteristic segment of
pilot's goal-oriented control with feedback. Piloting tasks
are normally carried out by means of vehicle's primary
controls (elevator, ailerons, rudder, power levers, or
equivalent devices). It is convenient to formalize a pilot-
ing task based on the type of vehicle motion it controls,
i.e. longitudinal or lateral. Within each of these two
groups, piloting tasks can be further divided according to
the type of state variable controlled (linear, angular, etc.).
Each piloting task requires measurement (observation) of
current system states (a "state observer” type process -
ref. below) and tactical flight objectives. The latter repre-
sent desired (goal) states of the system. Examples of
piloting tasks are as follows: T,: "keep the runway’s cen-
terline”, T,: “maintain pitch angle at about 10°", Tqj:
“make a coordinated turn at a 20° bank”, T1g: “follow a
bank angle time-history recorded in Flight No. 760 of
07/11/85".

A list of piloting tasks, Q(T), which may be used for mod-
eling manual control tactics in the model, should be spec-
ified. The following attributes define a piloting task: code,
name, source and target events (i.e. the events, which
will initiate and stop the process, respectively), a vector of
control variables, which implement the task, a priority
level with respect to other processes, time increments for
control input application, and some other. Each piloting
task can be uniformly represented by the following frame
regardless of the type of vehicle motion, tactical objective
and feedback type:

F\)[TI] = { i! I(E*)! I(E*)! E! Nm! (j(U]_), ey j(ul’]))! (Al,
D), ) 8)

For example, a piloting task Tq,: “make a coordinated
turn at 20° bank”is defined by the following frame: R[T15]
={129 28 0 "coordinated turn at 20 degr.” (4 10 0 0) (.01
.01 .0 .0) }. According to (8), this task starts at the event
Eg and ends at Epg. It is implemented by means of two
control variables, aileron and rudder, i.e. (V*, V'°) = (x, 0).
The frequency? for updating the control vector (V*, v10)
in T12is 100 Hz, i.e. (A1, Ay) = (0.01, 0.01).

The "event-process” flight formalization language pro-
vides a powerful means for modeling flight control tactics

10.for a fuzzy or neural network control model a set of task's
attributes will be slightly different

on the cause and effect level. This allows automated and
flexible planning and execution of flight simulation experi-
ments by a non-pilot user.

The following hints may be useful in piloting task model-
ing:

* potential conflicts between tasks and other pro-
cesses should be avoided though a conflict is
detected automatically

* the flight situation model provides an opportunity for
flexible virtual testing of various piloting methods,
which cannot be checked in actual flight (ref. the
example Tqg in the task list above).

STATE OBSERVER - The system state observer (O) is a
process of evaluation of the current state of the system
and comparing these states with a desired state (tactical
objective). Each state observer consists of several ele-
mentary observers, i.e.:

Ok = (Olk, ceay Oik, . OI’](O)k)_ (9)

The goal of system state observation is to detect an error
between these two states sufficient to change the piloting
task associated with the observer. For example, a pilot-
ing task T4: “hold roll and sideslip angles at zero®, which
is performed by 