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The subject matter of this paper refers to the correct retiogrof the acoustic emission
(AE) signals generated by basic partial discharge formssjPDhe paper presents research
results of the application of unidirectional artificial maLnetworks (ANN) for recognizing ba-
sic PD forms that can occur in paper-oil insulation impaiogdging processes. The research
work results present recognition effectiveness of basicf@®bs depending on the number
of basic forms passed simultaneously onto the network énpot the size of the teaching
sequence. Power spectrum density was assumed as the garafitae AE signal generated
by the assumed PD forms. The paper also presents the restiits network effectiveness
analysis depending on the number of the points averagingdier spectrum density, the
number of neurons of the concealed layer and the size of dohirey sequence.

Key words: partial discharge, acoustic emission method, artificiairaknetwork, paper-oil
insulation system.

1. Introduction

The many-year research work referring to the issues connected iaghastics of
power appliances led to the elaboration of modern methods that enableeat @val-
uation of their technical condition, which refers mainly to the enduranéesoilation
systems. At present there exist a few methods that make the detecB@sqgiossible,
the presence and development of which is connected with a gradualdd¢ign of a
paper-oil insulation system. The acoustic method, which has been gdedétgensively
in recent years and which makes PD detection and location during aréguisformer
operation possible [9], is one of such methods. The AE signals geddmateDs char-
acterize with wide waveband and their range belongs to compartmea? (@) kHz.
In the face of this applied measuring apparatus possessed the sajaeofaransfer
band.
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The registered AE signals generated by PDs can be strictly connectedasittRD
forms presented in literature [1, 2], and the particular PD forms canesified with
the type and degree of paper-oil insulation damage. Therefore,ghartke correct
recognition process of the AE signals registered it is possible to identify peeafythe
insulation system damage and to perform initial evaluation of the degradbggee of
the insulation under study.
Based on literature and our own research work, the results of whighresented,
among others, in [1-4], referring to bringing into relationship basic Rihéowith ac-
tual damage that can occur in paper-oil insulation of power transfsiriee authors of
the research work conducted distinguished the following PD types:
e discharges in the point-point system in oil, which can model PDs that ztur
due to insulation damage of two neighboring windings of the transformea-win
Ing,

e discharges in the point-point system in oil with gas bubbles, which canirR@e
in gassy oil and are caused by insulation damage of two neighborinddrares
windings,

e discharges in the point-plane system in oil, which can model PDs in ocgurrin

between a damaged part of a transformer winding insulation and gedufat
parts (elements of the tub),

e discharges in the surface system of two flat electrodes with paper-oihtitn
between them; the most common PD form occurring in the so-called trijoié, po
in which the electrode surface touches solid and liquid dielectrics,

e discharges in the surface system of one flat electrode and the otheraimiltip
electrode with paper-oil insulation between them; different distribution ef th

electric field intensity compared with discharges in the surface system with two

flat electrodes,

e discharges in the multipoint-plane system in oil, which can model PDs acgurr
between a multipoint insulation damage of a transformer winding and dealin
flat parts (elements of the tub),

e discharges in the multipoint-plane system in oil with gas bubbles, which can

model PDs occurring between a multipoint insulation damage of a transfor
winding and grounded flat parts (elements of the tub), but in oil with gats pa
cles,

e discharges on particles of an indefinite potential that move in oil, which calem
PDs occurring in oil containing particles of cellulose fibres formed in thegss
of a gradual degradation of paper-oil insulation caused by agingpses.

2. Characteristics of the neuron classifier used and its teaching abdgithm
The authors of this paper suggested the use of ANN for recognition qfatrtes-

ular insulation system defects based on the AE signal analysis geneya®idl florms
assumed for the research purposes. The application of the neussifielainvolving
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parallel data processing constitutes a significant acceleration of thgnigdon and
classification process and in relation to the methodology, which has bednsasar
and has been based on comparing graphic representation of the dpla@ameters of
the AE signals, and it is characteristic of a much more effective intetjetaf the
measuring signals registered. Based on literature on the application o8 AN bols
recognizing and classifying models [5-8], the application of a unidireationltilayer
neural network was suggested for tasks connected with recognizinggtstered AE
signals generated by basic PD forms. Matlab software environmentlyntiaénNeural
Network Toolbox packet, was used for ANN implementation, teaching astith¢e The
structure applied is a network of Feed—Forward Backpropagation Met{FeF BP)
type, in which each neuron has a sigmoid activation function. The steuatlopted for
the research purposes had three layers: an input layer, one tamhies@r, and an output
layer. The teaching process of the network applied was carried oed loassupervised
teaching (with a teacher), thus some of the measuring files containingniation on
the AE signals from PDs were treated as vectors of a teaching sequ&dyeafnd the
others as vectors of a test sequence (CT). For each basic PD fdenstady a hundred
measuring files were registered, out of which the representatives Giilwere selected
randomly. The remaining part of the population of the AE signals medsuas used
for testing the degree of the network training in respect to the recognitiectigeness
of the particular PD forms. The frequency analysis results of the regis#eE signals
generated by basic PD forms — power spectrum density (PSD) — wggestied as CU
and CT parameters during teaching and testing the ANN. The correctioegs of the
particular neuron weights that entered into the composition of the netwarkased on
one of the varieties of backpropagation strategy — Resilient Backpatipag RPROP)
algorithm, described by the dependence:

w (n+1) = wii (n) =} () sen (V' ()) (1)

whereng?) — individual teaching coefficient for each Weigﬁtg?) (n) — error function
gradient component.

The eaching coefficient is selected individually in each cycle for eadghtve;;
based on the gradient value changes. If in both consecutive iterategsatient sign
is the same, the increase of teaching coefficietgkes place, and if not, its reduction
takes place:

min (ang-c) (n—1), Nmax for Vgc)(n) ng) (n—1) >0,
778-6) (n) =< max <bn§f) (n—1), Mmin for VE;C) (n) VE;-C) n—-1)<o0, (@
ngf) (n—1) in  the other case.
Valuesa andb are constantsa( = 1.2; b = 0.5), fmax and gy, denote maximum

and minimum values of the teaching coefficient{x = 50; 7min = 107%), and sgn
function denotes an argument sign [7, 8.
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3. Evaluation of recognition effectiveness of basic PD forms by ANs using
power spectrum density and Resilent Backpropagation

In order to determine the recognition effectiveness of the PD formsrass by the
network created, the concept of a “class” was introduced, which, irc#se, specifies
the PD forms assumed. Adopting for the analysis eight PD forms, theviolipclasses
were defined: class 1 — discharges in the point-point system in oil, clasks2harges
in the point-point system in oil with gas bubbles etc.

Figure 1 shows the results of total recognition effectiveness of the BigHbrms
(eight classes) in dependence on the size of the teaching sequende-(BTS and
the number of power spectrum density averaging points recognizablg)(The aim
of the research work conducted was determining the minimum value ofaR&iaging
points which make an unmistakable characterization and recognition oftkieyar
PD forms based on the parameters of their AE signal frequency @&nalyssible. The
number of neurons of the concealed layer (LNWU) was assumed@sstant parame-
ter of the analysis.

a)

SKUT[%]

00

Fig. 1. Total recognition effectiveness of the eight PD fei®KUT) by the ANN applied in dependence on
CU size (RCU) and the changing number of PSD averaging p@ifts): a) LNWU =5, b) LNWU =45.

It results from the characteristics shown in Fig. 1 that in order to achiesa&t-a
isfying recognition effectiveness (abo98%) for eight classes passed simultaneously
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on the ANN input layer it is enough to have about 128 PSD averaging pdihésre-
search work carried out also proved that increasing LPU over 1@28sjasignificantly
increases recognition effectiveness but causes a significant iextesfsthe teaching
process and the recognition of the PD forms under study. From graphlgsis of the
data obtained it also results that RCU, the value of which should be at I@astdb-

tain SKUT > 90%, plays a significant role in recognition effectiveness values obtained.
The consecutive characteristics show the dependence of LNWU ortdéhesiognition
effectiveness of basic PD forms assumed in this paper.

Based on the results shown in Fig. 2, it can be again observed that moesure
recognition effectiveness of basic PD forms it is necessary to adsBidat the level of
at least 128 points. It was observed, analyzing the characteristicspaatof the influ-
ence of the number of concealed neurons on the recognition effeetis@btained, that
the optimum LNWU value is number 45. A smaller number of neurons sals@ining
lower effectiveness values (lower thaoi), and LNWU increase above this value sig-
nificantly increases the process of training and testing of the architectapteal, at an
insignificant improvement of recognition effectiveness (0.5-1%¢ fiesults presented
in Fig. 2 also confirmed the influence of RCU on the effectiveness resbttsned,
as the change of the teaching sequence size RO = 10 (Fig. 2a) toRCU = 40
(Fig. 2b) caused the recognition effectiveness improvement fravnte6% to about
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Fig. 2. Total recognition effectiveness of the eight PD ferf8KUT) by the ANN applied in dependence
on the number of neurons in the concealed layer (LNWU) andhaging number of PSD averaging points
(LPU): a)RCU = 10, b) RCU = 40.
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97%. It results from the dependences shown in Figs. 2a and 2b tfetéstain LNWU
value there exists such a point after exceeding of which there occuicdars drop in
recognition effectiveness of the particular PD forms by the netwotkapipens so be-
cause while increasing LNWU there takes place a gradual saturation patheular
neuron weights in the network and the so-called ANN learning “by heart”.

Based on the above-presented research results, determining th@lippss$ using
PSD and RPROP algorithm for recognizing basic PD forms by the netR&MR, deter-
mined forLPU = 128 was adopted as a parameter of the AE signal generated by the
particular PD forms.

It results from the dependence (Figs. 3a, 3b) of recognition effamtiss of the
particular PD forms on the number of recognizable classes (LKR) &id & a con-
stant number of the concealed layer neurons that with the increase ofithieer of
recognizable classes and a constant RCU value the recognition effexts/of the net-
work tested decreases. This dependence can be seen most cleagly3da,fn which
the structure of the concealed layer contains 5 neurons. In this caséettveness
improvement can be achieved by increasing RCU. This effectivehessever, is not
sufficient from the point of the recognition correctness of the partidelaform as it
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Fig. 3. Recognition effectiveness of the adopted PD fornk&B) by the ANN applied in dependence on
the CU size (RCU) and a changing number of recognizableedqs&R): a)LNWU =5, b) LNWU =45.
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does not exceed 90%. Increasing the number of the concealed Eyems, which is
shown in Fig. 3b, is another measure improving recognition effectsgenéthe forms
under study.

4. Summing-up

The research work carried out, connected with the evaluation of ANh&anal-
ysis of the AE signals and their recognition based on basic PD forms rmsnthe
existence of such a possibility. The adopted type of the neural netwériBP-of a
three-layer structure enables, to a great extent, recognition of theytartRD forms.
The adoption of RPROP algorithm as a teaching strategy makes it possiblkgine m
tain a considerable stability of the ANN training process. Additionally, this #lyor
is characteristic of a considerable processing speed of the data stdvietl,is con-
firmed, among others, by the recognition effectiveness results oéthstered AE sig-
nals coming from PDs generated, presented in this paper. The reseatccarried out
also proved the PSD usefulness, the parameter representing the AL ag@ crite-
rion of teaching and testing the neural network applied. In order to aehéognition
effectiveness of the particular PD forms by the adopted neuron ctassitihe level ex-
ceeding 90%LKR = 8) in optimum time possible, the number of the concealed layer
neurons should bENWU = 45, and the teaching sequence size (RCU) should belong
to the range from 30 to 50.
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