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DEVELOPMENT OF NEURAL NETWORKS FOR PREDICTING THE RISK
OF FAILURE OF COMPONENTS OF SHIP MACHINES AND MECHANISMS

OF MARINE AUTONOMOUS SURFACE VESSELS
Tonut Cristian SCURTU, A.I. Epikhin, E.V Khekert

The article discusses the possibilities of applying neurocybernetics approaches for the implementation of
intelligent prediction of the risk of failure of components of ship technical means of autonomous sea surface
ships. In the course of the research, a method was proposed that allows one to build a formal model of the
observed units and equipment of ship installations based on the tasks of classification and pattern recognition.
An algorithm for the initialization of a neural network is also proposed, which makes it possible to achieve a
given accuracy of determining the parameters of the operation of technical means, which makes it possible
to provide flexibility in setting up management of emerging risks based on predetermined criteria.
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KiitoueBble ¢j10Ba: PUCKH, Y3IIBL, 060PYIOBAHHE, CYJHO, IPOTHOZUPOBAHHE.

The current level of organization and man-
agement of ship technical facilities, which are a com-
plex dynamic system consisting of many interacting
elements and subsystems, puts forward increased re-
quirements for the development of new approaches
based on the use of advanced information technolo-
gies and intelligent support and decision-making

tools [1, 4, 5, 14].

A wide range of instrumental methods and
approaches to monitoring, analyzing, diagnosing and
predicting the technical condition of ship equipment,
as well as the risks of its failure, has a significant
drawback, which lies in the fact that their use is pos-
sible only with a certain frequency, in accordance
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with a given technical program maintenance of a par-
ticular type of installation, which may not be suffi-
cient to prevent malfunctions that could lead to seri-
ous consequences and accidents.

Therefore, at present, artificial intelligence
technologies, which form the basis of neurocontrol,
are widely used to solve complex and large-scale
nonlinear problems without any statistical assump-
tions about the data.

Today, with the help of neurocontrol, thanks
to the useful properties of neural networks common
to various types of nonlinear dynamic objects, the
problems of identification, analysis, synthesis and
machines and mechanisms implementation of con-
trol over complex technical systems in conditions of
non-stationarity, uncertainty, incompleteness and
fuzziness of information are solved [2, 11, 12, 13].
Thanks to neurocontrol, the problem of predicting
the risk of failure of ship machines and mechanisms
components, which belongs to the problems of clas-
sification and pattern recognition, can be effectively
solved.

Formalization of the problem of pattern recog-
nition implies the need to use an axiomatic approach,
which involves the construction of a formal model of
the subject area within the framework of a construc-
tive system. The formalized axiomatic theory makes
it possible to consider ship machines and mechanisms
as a complex dynamic system consisting of objects of
different nature, which are subject to various kinds of
risks leading to equipment failure.

Despite the active development of neurocon-
trol systems, the development of new methods for
diagnosing and predicting the risks of failure of the
element base of technical means based on fuzzy neu-
ral networks, deep learning networks and extreme
learning machines, not all tasks in this area can be
considered solved, so the need for their deeper study
predetermines the choice of the topic of this article.

The issues of developing digital control sys-
tems and predicting the operation of equipment on
modern ships are discussed in the publications of
Darshana Godaliyadde; Nilo de Moura Jorge;
Chang, Chia-Hsun; Kontovas, Christos; Bordyuga
A.S.; Turkin V.A., Davydov D.A., Styazhkin A A.

The development of the theoretical founda-
tions of fuzzy logic, the improvement of the method-
ology of modeling and solving problems of manag-
ing complex systems are carried out by such scien-
tists as: Shcherbatov L.A., Popov V.V., Sorokin
K.N., Pestryakov E.V., Dai, Shi Lu; Wang, Min;
Wang, Kong; Li, Liejun.

Highly appreciating the achievements to date,
it should be noted that the published articles on the
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diagnostics of ship technical equipment have a lim-
ited scope. Basically, the authors focus on extracting
signs of equipment defects.

Thus, the above circumstances make it possi-
ble to formulate the purpose of the article as follows
- to consider the possibilities of applying neurocy-
bernetics approaches for the implementation of intel-
ligent prediction of the risk of failure of the compo-
nents of the ship's technical means of marine auton-
omous surface vessels [9, 10].

The decision-making process in the control of
ship technical means of marine autonomous surface
vessels is inextricably linked with the solution of the
problem of recognizing risky and non-standard situ-
ations. But the high complexity of recognition prob-
lems does not allow us to consider the issues of their
formalization completely resolved. Therefore, the
main goal of risk prediction is to build efficient com-
putational models and methods for assigning formal-
ized descriptions of situations to the appropriate
classes. When a correspondence is established be-
tween the classes specified on the set of decisions
and the set of recognized risk situations, the automa-
tion of equipment failure prediction procedures be-
comes an ¢lement of decision-making automation.

In view of the foregoing, the following algo-
rithm is proposed for predicting the risk of failure of
the components of the ship's technical means of ma-
rine autonomous surface vessels using neural net-
work structures [6, 7, 8].

1. Statement of the problem of forecasting.
Observed parameters of the equipment are deter-
mined (power, effective torque, pressure, fuel and oil
consumption, etc.), the type of neural network (NN)
model (dynamic or static) is selected, requirements
for the accuracy of the NN model are set, the sam-
pling frequency and implementation method are de-
termined. (machines and mechanisms, software).

2. Formalization of the risks of failure of var-
ious types of ship machines and mechanisms com-
pornents.

3. Development of a knowledge representa-
tion model and rules for logical inference from situ-
ation recognition.

4. Planning of the experiment. The main task
of this stage is to obtain a lot of data on the function-
ing of the ship's technical means, which are neces-
sary for the subsequent parametric optimization of
the NS model.

5. Data pre-processing (filtering, removal of
redundant data and signal spikes).

6. Choice of model structure. A static NN
model of technical means is created on the basis of a
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multilayer neural network without feedback; the dy-
namic model is based on a recurrent multilayer NN.

7. Optimization of the NS-model parameters.
The NN model training procedure involves a combi-
nation of fast and back propagation algorithms. This
will allow to achieve the required accuracy of the
learning process, rapid convergence to the minimum
point of the objective function.

8. Deciding on the adequacy of the model
The viability of the model is confirmed by an esti-
mate of the average learning error €.

9. Implementation of the NS-model.

In general, the scheme for solving the prob-
lem of predicting the risks of equipment failure has
the following form: the output vector of the observed
object y and the output vector of the NS yms are com-
pared with the same vector of input actions #. The
NN training procedure consists in changing the
weight of its connections in such a way as to reduce
the sum of squared residuals to an acceptable (suffi-
ciently small) value:
e?<Ey

E=3%;
where E; = y; — y;; - discrepancy at the i-th step;
E; - is the allowable value of the training error.

Let the set M of possible risks s be given.
Moreover, the set has a breakdown into a finite num-
ber of subsets (classes) Qi =1,m; M =U", Q.
Only some information about the classes (); is given.
Risks s are given by the values of some features
x,j =], N. The set of feature values determines the
risk description s. Each of the signs can take values
from different sets of allowable values, for example:
{0,1,A}, 0 - the equipment failure risk sign is not
confirmed, 1 - the failure risk sign is confirmed, A -
there is no information about the sign; {a,, ..., a4} —
the attribute has a finite number of values d.

The task of recognizing risk situations is to
determine the value of the predicate P(s € (1,,) for
a given risk s and a set of classes (};, ..., (), using
information I,(Q;, ...,Q,,) about classes and de-
scription of risk.

In accordance with the guiding documents for
the operation of autonomous marine vessels, two
main emerging situations can be distinguished -
“normal” and “emergency”. The “regular” situation
provides for minor events that can be eliminated by
the repair duty units closest to the autonomous ship
within the specified territorial restrictions (Zx), loss
volumes (AJ?), repair duration (Af?), a certain tech-
nical work progress vector (AY;), interval time (Ar,)
and emerging non-standard situations (Xj).

The emergency situation implies the need to
remove the autonomous vessel from the route with
its subsequent delivery to the repair shipyard.

Sources of operational parametric control and
current regime information can be selected as
sources of data on the operation of ship machines and
mechanisms. Messages from these sources will be
considered the initial data for solving the problem of
recognizing the risks of equipment failure. Sources
of information include coordinate signs of a possible
breakdown and time data. They should be formed
based on the results of processing the received infor-
mation and have a minimum time delay [3, 4, 6, 9].

Therefore, messages, for example, from con-
trol sensors, will be considered current data, then in-
formation about the risk of failure j - technical means
can be represented by the following relationship:

I ={4, 1,8, }
where ﬁj, ﬁj are vectors of coordinates and signs of
failure of the j-th technical facility at time ¢, which
contain the following data:

Aj =%, %, H, v,y }
where X, ¥; are the coordinates of the risk of a break-
down of the j-th technical means;

H, - 1s the duration of the predicted situation;

V; — predicted volumes of breakdowns,

Y; — is the trajectory of the development of
the situation.

1 = {P, K.t}
where P; — is a sign that the ship's technical facility
belongs to a certain equipment;

K; — is an information feature (the number of
failed nodes, the amount of damage, destruction, etc.
- a statistical classifier);

¢; —is the time of obtaining information about
the emergency j-th situation.

In general, the initial data for the forecast can
be represented as follows:

I = {Ni, A7, T, ¢}
where k — predicted risks;

Ny — the possibility of belonging to one of the
emergency situations;

AP TI® — are vectors of coordinate and infor-
mation data of the k-th risk containing the following
data:

AL = (XL LY T = (K00

Using the above approach in practice, con-
sider the following test problem:

1. Construction of an NN model for predict-
ing risks in the operation of the fuel supply control
channel for a dual-circuit gas turbine engine of an
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autonomous marine vessel with an afterburner and
an ¢lectronic regulator in accordance with a full au-
thority digital engine control system (FADEC).

The input values of the channel for regulating
the fuel supply to the main combustion chamber are:
a - mode of operation; »; — is the low pressure com-
pressor rotor speed; 72 — is the high pressure com-

@ Neural network
model for predict-

: *1 ing the risk of fail- ‘

{ o I
2 | uresinthe opera- |— =
T tion of the fuel
2 control channel

e}

pressor rotor speed; 7. — is the degree of pressure in-
crease in the compressor; 77* - is the temperature of
the stagnant gas flow through the turbine, G, — is the
amount of working fuel supplied to the main com-
bustion chamber.

The neural network model for predicting the
risk of failure of the fuel supply control channel is
shown in fig. 1.

Fig. 1 Neural network model for predicting the risk of failures in the operation of the fuel control channel (a) and its topology (b)

The next step in the development of the NN
model is the identification of weight coefficients and
their optimization.

The presented model is a dynamic (recurrent)
NN based on a perceptron. It includes (p+¢g+7) neu-
rons in the input layer, ¢ neurons in the hidden layer,
and one neuron in the output layer, the connections
between which are carried out using adjustable
(training) weights Wg:

Wea=12,..,p+q+1;,=12,..,0)
The dynamics of this network is described by
the difference equation:
ulk] = F(ulk — 1], ..., ulk — ql,v [k], ...,v[k — p])
where F(...) is a non-linear function with respect to
the specified arguments (p+q+1)
ulk — 1], ..., ulk — ql,v [k], ..., v[k — p]

The training of the NN model is carried out
as follows. The model inputs are segments of the
time series: v, (¢),...,yy(6),t € (&, t;11), belong-
ing to pre-known classes (modes of operation) of the
fuel control channel Sy, (a = 1,2, ..., k).

The expected response of the neural network
to risk prediction in each case will be a value equal to
one at one of the outputs of the neural network, corre-
sponding to the recognized risk. For example, the
class of steady modes corresponds to output number
1, the class of transient modes corresponds to output
number 2, the class of unstable modes corresponds to
output number 3. The minimum error corresponds to
a trained network that solves the problem of predict-
ing the risks of failure of the fuel supply control chan-
nel work and basic elements [10, 11, 12, 13].

Then, depending on the response of the NN
model, one or another strategy for managing the
identified risk is selected. According to the general
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goal of controlling the operating modes of technical
systems of autonomous marine vessels, we express
the target requirements for their efficiency indicator
TE; = {C3(8), K,.(t), W ()} as follows:

®Kr = {Kr(tn) 2 ﬁr}

0, ={W(,) =W}

0, = {Cz(tn)/tn = (1 - an)CZ(tn—l)/tn—l}
where TE;— is the technical efficiency of ship instal-
lations;

Cs — total cost of repairing a damaged unit
during operation in normal mode or in emergency
mode;

K, - coefficient characterizing the reliability
of the technical means during operation,

W(t) — determines the degree of efficiency in
eliminating the identified risks when using various
control modes.

As a result of training the neural network, the
resulting distance values (time intervals) are formed,
at which an acceptable level of risk of failure of the
fuel supply control channel for a bypass gas turbine
engine is reached. Thus, conclusions can be drawn
and input parameters that have little effect on the re-
sult can be identified [12, 13, 14].

The article proposes an algorithm for predict-
ing the risk of failure of components of marine au-
tonomous surface vessels using a neural network (on
the example of a gas turbine engine element). This
method makes it possible to carry out calculations
based on multivalued logic for processing
knowledge containing elements of uncertainty. The
use of this algorithm allows solving both computa-
tional and logical-analytical problems, which is due
to the use of artificial intelligence methods.
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