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Abstract—The paper takes into consideration risk systems that can use not only in nuclear reactions but
other plants with frequent risks for people's life, such as mining, and other. Such facilities apply
information systems in which take place exchange text messages through free space. The main problem of
information radio reception is an increasing number of emitting means that equal the increase of noise
level receiving set. As an additional means of processing distorted textual information, it is proposed to
use a neural network, which must be pre-configured. For analysis, the back propagation neural network
was selected. The adjustment is carried out by an algorithm assuming a double differentiation of the
error function, which ensures a high network convergence rate. Learning is stopped according to the
total criterion for the deviation of the output signal from the reference. The paper formulates the
conditions of quadratic convergence of the back propagation network with one new tuning procedure,
and also offers examples of the construction of a neural network for recognizing a text message in
various reception conditions. The fed to the neural network is sequence of the letters of English alphabet.
A feature of the structure of the neural network that provides correct recognition is the use of completely
nonlinear neurons. Comparison of options for the structure of the neural network when recognizing text
phrases is carried out according to indicators of the probability of recognition, error, and training time.
The established properties of the neural network are useful in the design of efficient information system.

Index Terms—Back propagation neural network; text recognition; recognition probability.

I. INTRODUCTION

The application of the risk-informed design is so
popular for the engineering of nuclear reactors and
many authors analyzing and taking into account the
different risks, for example, [1], [2]. So, in [1], the
main focus of the study is on multicomponent risks,
their assessments studied along with well-known
reliability, risk, and optimization metrics.

The second example [2] presented a method for
adjusting the interval of periodic inspections of
nuclear power plants based on risk (RI). To find the
testing interval, they used a self-diagnosis, which is
then confirmed by a risk assessment method.

The next type of plants by the high risks are
mine, and paper [3] shows the mine accidents only
of 2018, where they are analyzing in the areas of the
occurrence of accidents, time of occurrence, and
type of accidents. Countermeasures and suggestions
based on the causes of accidents are including also
using new information systems. Text messaging is
part of these systems.

We should note that text messaging for various
purposes is very popular nowadays. Text messages
come asynchronously, which does not distract the
person from the main work, on there do not need to
give an immediate answer, which makes it possible
to analyze the received information in a calm
environment and work out the right solution for it.
Also, text messages can be generated to inform the
consumer about the current state of the device or one
reading, which is useful in tasks of remote
monitoring of the state of the observed object.

In some cases, the information system has a radio
network, then text messages sent in free space or
over the radio network. The main problems of the
exchange are observed when receiving messages
from the air, where the growth of emitting devices is
manifested and the mutual influence, causing certain
difficulties in decoding message symbols. The
mutual influence is complicated by the propagation
conditions of radio waves, when there is repeated re-
reflection from buildings, rein-forced concrete
structures, the underlying surface and emergence of
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the impossibility of decoding or confusing
characters [4].
To eliminate mutual influence, multichannel

reception is used, synchronization of reception and
transmission is provided, special signal processing is
introduced, for example, message analysis by the
method of extracting the main components, decision
trees, and some other methods are used. Multichannel
reception requires the creation of a complex structure
with several antennas and receivers located in space
and possibly polarized, respectively, which is not
always possible, for example, in spatially limited
places. Effective synchronization is carried out in the
presence of a stable external reference synchronizing
generator, which also requires the presence of
additional external devices.

Text recognition refers to the classification of
images, however, the problem under consideration
differs from image recognition by the absence of
computer vision systems, there is no need to use a
graphic format, classification of many image classes,
it is possible to present text in binary format as well.

II. RELATED WORKS

Text recognition was carried out by various
researchers, some of the results achieved are
presented in [5] — [15]. One of the classifiers trained
by the Random Forest method is presented in [5].
The recognition accuracy of the classifier did not
exceed 80%.

In article [5], a mechanism for recognizing text
with a background presented on signboards and the
shape of which has a curvature is presented. The
main limitation of the proposed method is a limited
set of data for training, texts with a curved shape, a
variety of fonts and background may be recognized
incorrectly.

The processing of pixel information in a
recurrent neural network is presented in [6]. The
complexity of the approach is determined by the
recognition of the color of the pixels of a two-
dimensional image, which required the creation of a
12-layer network to recognize a limited set of
images. Recognition for an unlimited data set
remains a problematic issue, also, there is no
evaluation of the processing efficiency of distorted
images and in noise.

In article [7], the features of the multilevel
propagation algorithm are explained taking into
account the forecasting operator, which helps to
assess the relevance of input data based on the
topology of the studied model itself.

Various deep learning techniques are presented in
[8] — [12]. Extensive reviews of the emergence and
current state of deep machine learning technology are
presented in [8], [9]. In these works, the importance

of the developed algorithms for image recognition is
noted. The use of deep neural networks for
recognition of image classes is presented in [10]. The
neural network used did not allow the authors to
determine the recognition accuracy, although they
recognize that the accuracy of the class is high. Com-
paring the networks AlexNet and ImageNet, the
authors note that the latter produced classes
recognition for the selected image databases
(ImageNet and Caltech-101) with errors.

In article [11], a fast learning algorithm for
learning digital recognition by a network with
associative memory is presented, which has three
hidden layers. The algorithm works correctly if the
expected distribution of the input data matches the
true posterior distribution. However, in the interest
of learning speed, the authors resort to contrast
divergence and achieve a positive result by studying
the behavior of additional layers. Unfortunately, no
rigorous proof of the convergence of the proposed
method is presented.

The authors of [12] assumed that a deep neural
network uses textual information to decrypt a
recognizable color image, thus it is realizing its
multimodality. Unfortunately, no other use of deep
neural networks for the recognition of textual
information was found in the available literature.

Current work is based on research [13], [14],
based on the results of processing alphabetic
information in the Matlab environment. The
proposed studies are aimed at exploring the
possibility of constructing a compact neural network
capable of recognizing text messages transmitted to
radio networks where noise distortions that cannot
be eliminated by correlation-filter processing or
obtained due to multiple reflections.

The author [15] described of the Levenberg-
Marquardt algorithm and software in the Matlab
environment for solving nonlinear least square
curve-fitting problems.

The Levenberg-Marquardt algorithm is iterative,
but there is a problem of convergence and reliability
of the given initial data. Therefore, [16] proposes
methods for improving the algorithm by updating
the approximation step by geodesic correction and
when moving uphill, as well as some method for
updating the Jacobi matrix.

The identification of a linear system with one
input and one output with is presented in [17], based
on the neural network ADaptive LINear - ADALINE
(by Widrow), trained by the Levenberg—Marquardt
method. In order to accelerate the convergence of
training and, thus, expand the capabilities of tracking
time-varying system parameters, authors added an
impulse to the weight adjustment.

In article [18] developed a model for predicting
the bending force of a hot rolling mill based on a
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back propagation (BP) 3-layer neural network. To
prevent the tuning parameters from entering the
local minimum, the LM algorithm is used.

The article [19] presents an extension of the
Levenberg—Marquardt algorithm based on parallel
computing, which allows to increase the performance
of the algorithm in training large neural networks.

Since the text is a limited set of alphabetic,
digital, and auxiliary characters, the work explores
the possibilities of processing a text message by a
neural network, as well as determining the network
structure, avoid local minimums at finding optimal
parameters of the network, and evaluating the
recognition accuracy when text information is
transmitted by a flow.

III. PROBLEM STATEMENT

A text message considered, consisting of a limited
set of alphabetic characters received at the input of
the receiving set in a certain sequence. The sequence
of characters can be separated by spaces and be
distorted by noise, which is equivalent to the effect of
the mutual influence of several signal sources. The
message is presented in digital form, which is similar
to the modern approach to the formation and
processing of signals in the receiving set.

Processing of radio signals in the receiving
system based on frequency filtering, isolating the
signal from the background of noise by threshold
processing, and performing character-by-symbol
decoding of the received information. It is assumed
that the reception of radio signals occurs under
conditions of interfering noise, i.e.

yj(t)zdj(t)+nj(t)ﬂ (1)
and d,(?)

associated with the received and generated symbols
of message and n,(7) is the noise signal, 1 <j <N,

where y.(?) are the signals that

N is the number of symbols in the message.

The nature of the noise is unknown, however, it
makes sense to assume that the noise has a Gaussian
distribution with a zero mean. The level of
interfering noise is such that the result of decoding is
the incorrect identification of characters, and we
have unreadable information.

A possible solution in the context of the problem
under consideration is the processing of noisy
information by a neural network that has the
properties of parallelizing information processing
and obtaining a reasonable result by self-learning.

The recognition quality achieved by minimizing
recognition errors over the entire training interval
i=1.. M, and can be represented by a quadratic
function

N
e
J=

>30T 2)

1 i=1

In equation (2) w is the parameter of neural
network learning.

Self-learning is key to solving complex problems
that cannot be solved in the usual way. The problem
of building such a network is the choice of invariant
features that describe the input information so that
differences are caused only by random factors, for
example, noise. In this case, the informative features
will be considered a vector representation of the
characters on which the noise component
superimposed. It is assumed that an indicator of the
quality of identification is the probability of correct
identification of characters, measured as the number
of identifiable characters, i.e.

=t 3)

where N, is the number of symbols correctly
recognized.

IV. SOLUTION METHOD

Among the many types of neural networks
including deep learning, the structure of the BP neural
network is widely used, because it has the properties
of self-tuning and the recognizing is computationally
effective. Each neuron of the network includes an
adaptive adder, a solver, and a feedback mechanism.
The adaptive adder sums the input signals x, of a

neuron with a certain weight w, [13].
N
y = ijwj , @)
Jj=1

Here v is the output of the adaptive adder. The
correction of the scales is carried out following the
algorithm

w(n+1)=w;(n)+Aw,(n), 5)

where w; is the weight coefficient of the jth neuron,

n is the sequence number of the correction iteration
w;, and Aw, is the correction calculated as

Aw,(n) = ke (n) (6)

where k is the coefficient that determines the
network-tuning speed, e(n) is the correction error
signal acting at the input of the neuron and defined
as follows

e; (n) = d_,'(n) - x_,'(n)w_,' (n), (7)

where d;(n), x;(n) is the desired output and input of
the jth neuron at the nth iteration of the setup.
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Since the task of recognizing a sequence of
characters is not trivial and cannot be solved by a
simple perceptron, it is appropriate to choose the
structure of a multilayer perceptron containing one or
more hidden layers of neurons. A distinctive feature
of the multilayer structure is the presence of a solver
with a smooth (differentiable) function, in contrast to
the rigid threshold function used in the Rosenblatt
perceptron. The differentiability property can be
satisfied by several types of decision functions,
however, the sigmoidal form is most often used

y,(m)=(1+e "), (8)

There are two main approaches to ensure the
global convergence of the tuning algorithm. The first
is based on controlling the coefficient k£, on which
the value of the correction step depends, while in the
zone far from the optimal solution k& <1, in the zone
approaching the optimal setting, set £ = 1.

The second is the application of the Levenberg—
Marquardt algorithm, where the correction is
determined as follows [20, 21]

Aw, =(JTT +uE) " Je,, 9)

In the last expression, J is the Jacobian of the
matrix of weight coefficients calculated at the point
w. These matrices assume double differentiation of
the function of e(w) [20]. The introduction of the
identity matrix £ in (9) with the regularization
parameter u > 0 allows us to ensure the requirement
of positive definiteness of the J'J . If u is large, the
algorithm has properties of gradient setting, when p
is small, the algorithm acts similarly to the Gauss—
Newton method.

To reduce the calculations when calculating the
matrix J, the following computational procedure is
proposed

Ae, —J, \Aw;

— T
J,=J,, + T LA

(10)

This procedure differs from [16] enter the
coefficient A > 0 that provided smooth convergence
of calculating process.

We assume that learning has reached the goal
when the training error does not exceed some small
value € > 0 satisfying the system designer, i.e.

le(w)[<e,

(11

Proposition 1. A multilayer neural network (4) —
(10) with a certain input vector x, given an initial
nonzero weight vector w(0) and the introduced
stopping criterion converges in a finite number of
steps with a quadratic convergence rate.

Proposition 2. A character recognition error
satisfies the stop criterion (11).

Statement 1 follows from the structure of the
neural network and the convergence of the
algorithms used [20].

V. SIMULATION

The English alphabet, consisting of 26 characters
and space, is considered. The vector representation
of the 35 dots symbol in the Matlab programming
environment has the form

letter H=[100011000110001111111
0001100011000 1]

A graphic representation equivalent to it can be
obtained as a lettering element is represented by a
crossed-out square, this the same symbol, distorted
by noise, is shown in Fig. 1.

Next, we determine the BP neural network with
three layers. The initial structure has two layers, the
number of neurons in the first layer is 33 and in the
second is 27 as corresponds to the number of
network outputs, we train according to the algorithm
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Fig. 1. Letter H character representation without (a) and
with noise (b) (its relative level 0.75)
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To eliminate the problem of retraining the
network, when the network remembers the input
signals and is well trained on them, due to the noise
present in the input signals, the network loses the
property of correctly classifying input characters, it
is proposed to divide the input set into three different
non-intersecting parts, namely: training, test and
valid subsets. As a rule, the input data set is divided
to 0.7: 0.15: 0.15, where the large number
corresponds to the training set, and the test and test
are divided into equal shares between the remaining
elements. The selection of elements in each subset is
performed randomly. The maximum number of
epochs for learning and the error at which learning
ends are also established; these values are chosen
equal to M = 555000 and € = 3-107, respectively.
The learning outcomes are presented in Figs 2 and 3.
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Fig. 3. Learning error

The network training function used allows you to
evaluate the quality of network-tuning by
constructing a regression line in which the
proportionality coefficient allows you to determine
the degree of correlation between input and output
data. In the case under consideration, there is a high
degree of correlation between input and output data,

R =0.999 (Fig. 2). The training in this example ends
for an error of 1.48-10”, which is explained by the
complexity of the source data. For training, it took
only 8 epochs (Fig. 3).

Consider also the example of recognizing a
phrase by a configured network. As a reference, the
phrase “ALARM?” is used, which is presented in the
graphic window for displaying information by a
sequence of characters in Fig. 4. The same phrase,
distorted by noise, is presented in Fig. 5, and
incorrect recognition is shown in Fig. 6.

] [ ] ] [ ][] [ ] ]
a8 B ] 58 _ 88
aa ] ] ] [ ] [ ]

[ ] 0 BEes | I I )
aEeEs B SBEEER B B [ ] [ ]
a a8 8 B [ ]
a S EEEEE B8 a e | | ]
Fig. 4. A reference phrase for recognition by a configured
network
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Fig. 5. A reference phrase distorted by noise level 0.5

Fig. 6. An example of a phrase recognized with errors

The influence of the number of neurons in the
hidden layer, the noise level, and the number of
layers on the probability of correct recognition,
error, and training time was also analyzed. The
results of this analysis are presented in Tables I-III,
from which it is seen that the greater the manifold of
input signals, the more neurons should be in a
hidden layer, an increase in the number of layers
leads to an increase in recognition quality under
noise conditions, while the stronger the interference,
the more layers must be included to ensure high-
quality recognition, but at the same time, the
learning time is growing.

Of course, a complete analysis of a neural
network in a limited study is quite difficult, but this
analysis showed that the neural network works
effectively if the activation functions of all layers are
non-linear and the learning process has convergence
with minimal error (main result). As expected, the
more neurons in the hidden layer, the better the
recognition under interference conditions. The level
of interference generally affects the time and
probability of recognition, which is confirmed by
studies.
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TABLE 1. THE EFFECT OF THE NUMBER OF NEURONS
IN THE LAYER
Number of neurons 6 13 26
The probability of correct  37.5 87.5 100
recognition,%
Recognition error x107 0.06  2.67 0.28
Training time, s 1 2 4
Number of neurons 33 52
The probability of correct 100 100
recognition,%
Recognition error x107 1.45 1.74
Training time, s 8 35
TABLE II. THE EFFECT OF NOISE ON RECOGNITION
QUALITY
Number of neurons 26
Noise level 025 0.5 0.75
The probability of 100 75 37.5
correct recognition,%
Recognition error x10° 0.28 175 1.72
Training time, s 4 9 5
Number of neurons 33
Noise level 0.25 0.5 0.75
The probability of correct 100 62.5 375
recognition,%
Recognition error x107 145 0.07 273
Training time, s 8 8 7
Number of neurons 52
Noise level 025 0.5 0.75
The probability of 100 75 75
correct recognition,%
Recognition error x10° 1.74 0.5 0.05
Training time, s 35 23 65
TABLEIII.  THE INFLUENCE OF THE NUMBER OF
LAYERS ON THE QUALITY OF RECOGNITION
Number of neurons 2 3 4
The probability of correct 100 100 100
recognition,%
Recognition error x107 2.36 0.5 0.05
Training time, s 9 27 65

VI. CONCLUSIONS

Information systems play an important role in
reducing the risks of loss of working capacity of
workers the biggest companies such as coal-mine
production, metallurgical enterprises, for example.
Very often, information systems use radio channels
for transmitting information, which can lead to loss
or distortion of received information. To correct the
information, neural networks with self-tuning
algorithms are useful. The self-tuning algorithm of
the multilayer BP neural network is considered the
most popular among supervised algorithms. In fact, it

is an iterative gradient method for finding the best
settings in the given conditions, characterized by the
simplicity of the classification task in terms of
“input-output” and the reliability of the work. All
neurons of this network are non-linear due to the use
of a non-linear activation function. The article
presents a study of 2, 3, and 4-layer networks in the
presence of interference. High convergence obtained
due to the use of a new iterative procedure of
calculating matrix Jacobian. This result can succeed
in the application in the education process in
examining neural networks. Network setup is a rather
complicated procedure; the quality of the network is
higher if all activation functions are non-linear.
Despite the high degree of correspondence of the
input to the output data established due to the
regression function, the learning result may turn out
to be incorrect due to the retraining of the system due
to the accepted low level of learning errors. Further
research is planned to be directed to the introduction
of a neural network into a real receiving device.
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VY crarTi po3risIarThCS CUCTEMH, SIKI MOXKYTh BUKOPHCTOBYBATHCSI HA YCTAHOBKAX, II0 BUKOPUCTOBYIOTHCS B YMOBax
PU3HMKY JUISL JKUTTS JIIOJIel, HamnpuKiaja, B TIPCHbKiH, saepHiM mpomwucioBocTi, iH. [H(opMarmiiiHi cucTemMu 37aTHI
MOTIepe/PKYBaTH PO  HeOe3leKy IepeAaBaHHAM TEeKCTOBUX IIOBIJOMJIEHb uYepe3 BUIbHHH mpocTip. OCHOBHOIO
npoOJieMoro paxionpuiiManHs iH(OpMaIli B CydaCHUX YMOBaX € 30UIbIIEHHS! KUIBKOCTI BUIPOMIHIOIOYHX 3aC00iB, 10
€KBIBJICHTHO 301JbIICHHIO DIBHSA MIyMy Ha BXOJl NPUMMAIFHOrO MNPHUCTpOrO. Sk momaTkoBuil 3acid oOpoOKu
BUKPHBIIEHOI TEKCTOBOI iH(opMallii MPONOHYETHCS BHUKOPUCTOBYBATH MOMNEPEAHBO HAJAIITOBAaHY HEHPOHHY MEPEKY.
Jis aHamizy Oyno BHOpaHO HEHTpajbHY MeEpeXy 3BOPOTHOTO PO3IOBCIOKEHHs ITOMHJIKHM. HamamryBaHHS Mepexi
3IIHCHIOEThCSL aJIrOPUTMOM, WIO Iepeadavae moiBiiiHe audepeHiiroBaHHs (QyHKIIT MOMUIOK, IO 3a0e3NevYye BHCOKY
HIBHIKICTH 301KHOCTI Mepexi. BUBYEHHS MPUNMHAETHCS 32 KPUTEPIEM BIAXMICHHS BUXIJHOTO CUTHAITY Bijl €TaJIOHHOTO.
VY crarti chopMysIp0BaHi YMOBH KBaJpaTUIHOI 301)KHOCTI MEpEeXi, 1110 BUKOPUCTOBYE OJIHY HOBY MPOLENYPY HACTPOMKH,
a TaKoXX IPOMOHYIOThCS MPUKIAIN TOOYIOBH HEHPOHHOI Mepexki ISl po3Mi3HaBaHHS TEKCTOBOTO IOBIJOMJICHHS B
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JBIAKOBUM cHTHaOM. OCOOJHBICTIO CTPYKTYPH HEHPOHHOI Mepeki, Mo 3ade3ledye NMpaBWIbHE pPO3IMi3HABAHHS, €
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B craTthe paccMaTpuBarOTCSl CHCTEMBI, KOTOPBIE MOTYT MCTIONB30BAThCS HA YCTAHOBKAX, UCTIONB3YEMbIX B YCJIOBHUSX PUCKA
JUTSL KM3HU JIIOZICH, HATpuMep, B TOPHOM, SACPHOM MPOMBIIUICHHOCTH, Ap. MH(OpMAIMOHHBIE CHUCTEMBI CIIOCOOHBI
NpeAynpexaaTh 00 OMacHOCTH TNepeAavyeil TEeKCTOBBIX COOOIIEHHWH uepe3 CBOOOMHOE MNpOCTpaHCTBO. OCHOBHOM
mpo0JIeMoli paauornprueMa HHGOPMAIMM B COBPEMEHHBIX YCJIOBUAX SBIISCTCS YBEIMUYCHHUE KOJMYCCTBA M3IYYAIOIINX
CpEJICTB, YTO HKBUBAIEHTHO YBEIMUEHHUIO YPOBHS IIIyMa Ha BXOJle MPUEMHOTO YCTPOHCTBa. B kauecTBe IOMOTHUTETHHOTO
cpencTBa 00pabOTKH MCKaKEHHOH TEKCTOBOM MH(OPMALINH MpPe/IiaraeTcsi HCIOJIb30BaTh MPEIBAPUTEIBHO HACTPOSHHYIO
HEHpOHHYIO ceTh. J[is aHanu3a BRIOPAHO HEUTPALHYIO CETh OOPAaTHOTO pachpocTpaHeHus ommOku. Hactpolika cetu
OCYIIECTBIISICTCS.  aJITOPUTMOM, TMPEAYCMATPUBAIOIINM JBOMHOE auddepeHnnpoBanre (GYHKIMA OIMIMOOK, YTO
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