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Abstract. New applications of artificial neural networks are capable of
recognition and verification of effects and the safety of commands given
by the operator of the technological device. In this paper, a review of se-
lected issues is carried out in relation to estimation of results and safety
of the operator’s commands as well as the supervision of the process. A
view is offered of the complexity of effect analysis and safety assessment
of commands given by the operator using neural networks. The first part
of the paper introduces a new concept of modern supervising systems
of the process using a natural language human-machine interface and
discusses general topics and issues. The second part is devoted to a dis-
cussion of more specific topics of automatic command verification that
has led to interesting new approaches and techniques.

1 Intelligent Two-Way Communication by Voice

The advantages of intelligent two-way voice communication between the tech-
nological devices and the operator in Fig. 1 include the following [1,3]:

— More resistance from the operator’s errors and more efficient supervising of
the process with the chosen level of supervision automation.

Elimination of scarcities of the typical co-operation between the operator
and the technological device.

Achieving a higher level of organization realization of the technological pro-
cess equipped with the intelligent two-way voice communication system,
which is relevant for its efficiency and production humanization.

No need of an operator being present at the work stand by the technological
device (any distance from the technological device) (7).
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Fig. 1. General scheme of intelligent two-way voice communication between.the tech-
nological device and the operator

The intelligent two-way voice communication layer in Fig. 2 is equipped
with the following intelligent mechanisms: operator identification, recognition
of words and commands, command syntax and result analysis, command safety
assessment, process supervision, and also reaction assessment [2].
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Fig. 2. Scheme of the intelligent layer of two-way voice communication
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9 Command Safety Estimation

The effect analysis module, shown in Fig. 3a, makes analysis of the recog-
nised command. The technical safety of the technological device is checked by
analysing the state of execution of the commands required to have been done as
well as the commands to execute in subsequent decisions. The process param-
eters to be modified by executing the command are checked and the allowable
changes of the parameter values are determined. The analysis of the parameter
values is based on the technological process features. The values of the param-
eter changes are the input signals of the neural network of the process state
assessment system. The neurons of the neural network represent solutions to
the diagnostics problem. The neural network also makes an estimation of the
level of safety of the recognised command. The system for checking the state of
the automatic device for grinding small ceramic elements is shown in Fig. 3c,
before executing the subsequent commands presented in Fig. 3d. The technolog-
ical safety assessment system, shown in Fig. 3b, is based on a neural network
which is trained with the model of work of the technological device. New values
of the process parameters are the input signals of the neural network [6]. As the
work result of the system, voice messages from the technological device to the
operator about the possibility of executing the command are produced [4,5].
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Fig. 3. Scheme of the command effect analysis and safety assessment system
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An algorithm was created for assessing the technological safety of commands.
In Fig. 4, the lines represent force dependence on the grinding process parameters
for particular grinding wheels. Based on the specified criteria, the grinding force
limit is determined for each grinding wheel. Based on the grinding force limit,
the table speed limit is assigned. According to the operator’s command, if the
increase in speed makes the speed of the table smaller than the smallest speed
determined from the force limit for all the grinding wheels, then the command
is safe to be executed.

3 Research Results

The simulation set of the technological device diagnostics and the process state
assessment, built for creating and training artificial neural networks is shown in
Fig. 5a. The neural networks are trained with the model of the technological
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Fig. 5. Neural network simulations of the technological process models, neural network
architecture and error rate
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process. The applied neural network architecture is presented in Fig. 5b. The
networks consist of two layers of neurons with the competitive mechanism.

The ability of the neural network to learn to recognise specific process stateg
depends on the number of learning epochs. The specified time of learning enableg
the network to minimize the error so that it could work more efficiently. Based
on the research, the following conclusion has been reached as shown in Fig. 5c¢.

Error rate is about 20% at learning time equals 50 epochs and 5% at 100
epochs. The error rate dropped by about 90% after training with 60 series of all
patterns.

4 Conclusions and Perspectives

In the automated processes of production, the condition for safe communication
between the operator and the technological device is analyzing the state of the
technological device and the process before the command is given and using
artificial intelligence for assessment of the technological effects and safety of
the command. In operations of the automated technological processes, many
process states and various commands from the operator to the technological
device can be distinguished. A large number of combined technological systems
characterize the realization of that process. In complex technological processes,
if many parameters are controlled, the operator is not able to analyse a sufficient
number of signals and react by manual operations on control buttons. The aim
of this research to develop an intelligent layer of two-way voice communication is
difficult, but the prognosis of the technology development and its first use shows
a significant efficiency in supervision and production humanisation.
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