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Abstract—In the article the authors substantiate the
necessity for improvement of adaptation mechanisms in man-
machine systems. They set a task of optimizing the man-
machine interaction; describe the use of functional networks
for ergonomic design tasks’ solution. There are introduced the
concepts of “controlled functional network” and ‘“neural
functional network”, the principle of multi-stage optimization
of man-machine interaction. The offered method differs from
the existing ones: 1.by interconnecting functional and neural
networks; 2. by the possibility of multiple (in the course of
work) adaptation (optimization) of the system '‘tailored to a
man", which provides properties of adaptive man-machine
interaction.
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. INTRODUCTION

In modern automated systems, there are big problems
related to human factors and the need to adapt to the
peculiarities of a human-operator, depending on the state of
the control object and environmental parameters [1-3].

Despite the huge amount of work, including ergonomics-
related methods [4, 5], the creation of intelligent agents [1,5,
6], the issues of flexible responsiveness of the computer
systems on the human parameters are not fully resolved.

Il.  STATEMENT OF THE TASK

The task of the research is to develop an approach to the
creation of models that allow the analysis of objective
guantitative characteristics of the human-operator and the
technology of his interaction with means of automation:

. Predict the time-reliable results of activities;

. Carry out, in the process of all activities (at the

control points), the choice of the most appropriate
options for man-machine interaction

Il. RESULTS

A. Principle of description and assessment structures of

human-machine dialogue

Simulation of elementary actions of operators and
automatics is carried out using typical functional units
(TFU). The most common of these are the "work operation™
with the designation "rectangle”, "control operation" with the
designation "circle”, and "alternative operation" with the
designation "rectangle with several outputs”. A complete
description of TFU models is given in [8-10]. The FN that
describes the algorithmic activity of the human operator is
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built from those TFU. Examples of models (accuracy and
run-time estimation) for some typical functional structures
(TFS) are shown in Table 1.
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* - Subscripts in formulas correspond to the type (operating
course — p; course of control — k) and / or to the number of
TFU.

Here:

B! - the probability of error-free handling operation;

K - the probability of recognizing the correct operations
performing;

K - the probability of detecting any errors;

M(T)- mathematical expectation of the operational run-time;
D(T) - the variance of the operational run-time.

These models are used to evaluate the entire functional
network (FN) that describes the man-machine interaction
algorithm. The reliability and runtime estimation is carried
out by the method of reduction FN [8-10].

For the evaluation of human-computer interaction has
developed special software systems [11].

B. Analysis of multivariance process of man-machine
interaction
Man-machine interaction consists of a sequence of steps.
At each step, there are many possible ways both to implement
the main technologically necessary operations and to monitor
and correct errors[12-17]. A multiplicity of options (excerpt)
is shown in Figure 1.

C. Formulation of the optimization problem of man -
machine interaction
The problem can be formulated as follows:
f, (X) > max

(1)
L(X) — max @)
PIT(X)<T}>a 3)
X eX, @)
where Xa —a set of alternative options for the algorithm of
activities;

ﬂ(X) — the probability of error-free implementation of
the algorithm of activities;

T _ random variable time implementation algorithm of
activities;

To —scheduled time of performance;
@ _minimum allowable probability of timely completion;
f" (X) - the degree of functional comfort,

X _ a vector characterizing the alternative structure of
human-computer interaction.

D. The method of controlled functional network. The
general scheme. The principle of integration of
functional and neural networks

To implement procedures of the FN “control”, we offer the
idea of interconnecting neural and functional networks for
modeling HMS, which the authors proposed in their work
[11,18] before. Probabilistic characteristics of human work
elements, which are used as input data to the models of the

operation algorithms, can be represented as neural models,
displaying these characteristics depending on various factors.

E. The general scheme. The principle of integration of
functional and neural networks.

According to this approach and taking into account the
changing characteristics of the human-operator and the
environment, a neural network (NN) D-network is cre-ated
for each element of the functional network (Figure 2). The
purpose of D-network is to provide FN with relevant source
data. D-network is constructed for each case according to the
requirements of the designer.

The following characteristics of the human-operator [10]
may be input parameters for NN:

o  training;

o type of nervous system;

o  functional state;

o  mativation;

o  emaotional stress level and others.

Output parameters of NN include:

o the probability of error-free operation (algorithm);
o  expectation time of the operation (algorithm);
o intensity of operator’s activity and others.

Let us consider the example of a model, constructed for the
problem of fore-casting the results of a computer-aided
instruction system. Suppose, for example, one must take into
account the individual characteristics of a person and to
adapt the system, at each step, to him.

There are, for example, such options (alternatives) of
learning algorithm:

a) The sequence of operations without control.

b) The sequence of operations controlled after each

operation.

c) The sequence of operations with the final control in

the end.

d) The sequence of operations with functional control.

We need to select the most suitable mode of learning,
taking into account the indi-vidual characteristics of the
trainee, his goals and the importance of the criteria To solve
this problem, we form and train the A-network. Let A-
nettwork input be data from the model of the human-
operator, then the network output falls into the recommended
mode.

F. Adaptation points. Incremental methods of decision-
making

Parameters of a man and an environment, unfortunately,
are not permanent and dynamically change over time.
Moreover, the selected mode of interaction cannot be
sufficiently effective in this case. Therefore, there is a need
for periodic assessment of the situation and making
adjustments in the process of interaction. Under adjustments
we understand algorithm change interaction.

To do this, we add point adaptation (Figure 2) into the
learning process to provide control at each point and, if
necessary- the reconstruction of the network.

Depending on the availability of input data, a decision-
making at points of adaptation may be carried out, using:
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o neural network (A-network) [7,19];
o models of fuzzy logic [7,19];

o mathematical programming models used in
functional networks [19-23].
Thus, the problem is reduced to the multiple

implementation of the optimization problem of (1) - (4)
types.
G. Data storage

A concept can work only subject to the organization of a
special data storage [11,18]:

Recommended
*— learning scenario

H. Testing. Application in practice of mathematical
models. Computer system for adaptation of man-machine
interaction..

Given approach has been tested in the technology of the
intelligent agents for e-learning [18]( Fig.3).
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The neural-functional network uses data from all
university databases and manages the human-computer
dialogue.The computer program performs the following
actions:

1. analyzes data on previous sessions of training (for this
student and other students);

2. forms several neural networks to predict the time and
accuracy of the electronic educational module (for a given
student and for given learning conditions);

3. selects a neural network that provides minimal error for
the prediction results;

4. builds a model of the process of dialogue (in the form of a
functional network);

5. enters initial data for a particular student into the dialogue
process model;

6. assesses the accuracy and time of activity for this student,
taking into account the motivation and time that is available,

The principle of the agent-manager for e-learning.

as well as taking into account the functional state of the
human operator;

7. forms tips for the student (which electronic training
module to choose, how to carry out monitoring activities,
etc.);

8. analyzes current progress and correcting recommendations
for the student.

A computer program that is controlled by a neural-functional
network performs all of these actions for all possible control
points by dialogue.

The results were embedded in:

- Moscow State University. M.V. Lomonosov,

- Belgorod Agrarian Academy,

- Sumy National Agrarian University,

- Sumy State University;

- Vinnytsia State Agrarian University,



- Ukrainian Engineering and Pedagogical Academy
(Kharkov),
- and other universities.

The use of the agent-manager allowed the

experimental group (Sumy National Agrarian University) to
raise the average score from 72.32 to 81.43 and reduce the
percentage of refusal to work with e-learning from 24.78%
t0 7.29%.

CONCLUSION

Man-machine interaction in discrete automated systems
can be well described using models, based on functional
networks. Adaptive changes in man-machine interaction can
be reduced to the problem of step-by-step choosing the
optimal fragment of the functional network. The method
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