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A Recognition Method Based on Two-Dimensional Voiceprint Feature
Extraction Method and Hybrid Neural Network for Contact-Collected
Abnormal Discharge Voiceprint of 110 kV Three-Phase Three-Winding

Power Transformer in No-Load Voltage Regulation

TONG Yang, HUANG Wenli®, LI Lei, YAN Yuqing
(Anhui NARI Jiyuan Power Grid Technology Co., Ltd., Hefei 230088, China)

Abstract: Abnormal discharge is a dangerous power
transformer fault, which can lead to serious safety hazards if
not detected in time. A method for identifying abnormal
discharge in transformer is proposed by collecting the
voiceprint signal in the transformer box through the contact
voice pickup. And a feature extraction method and a deep
neural network structure are proposed to achieve efficient
identification of abnormal transformer discharge. Firstly, a
two-dimensional voiceprint feature extraction method combining
Mel frequency and key frequency is designed. Then, a hybrid
two-dimensional ~ feature  recognition model based on
convolutional neural network and Transformer network is used
to accurately identify the abnormal discharge voiceprint signal

while according to the

ensuring the speed. Finally,
experimental analysis of the discharge data collected from the
110 kV three-phase three-winding transformer in the no-load
voltage regulation process, the recognition speed of the
proposed method increases by 0.19 seconds per sample, and
the accuracy increases by 4.5% compared with ResNet50.

Key words: abnormal ischarge of transformer; voiceprint

recognition; voiceprint feature extraction; hybrid neural network
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B2 AEEBMLETRERRENFELIIE

Fig.2 Comparison of voiceprints collected by pickups at different deployment positions
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Fig.3 Spectrum trend when voltage climbs
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Fig.4 Discharge occurrence trend when voltage climbs
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Fig.5 Block diagram of sample preprocessing flow
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Fig. 8 The time-domain and frequency-domain
spectrum of abnormal discharge samples:
(a) significant changes in the time-domain
and frequency-domain, (b) no obvious
changes in the time-domain and obvious
changes in the frequency-domain, (c) no
obvious changes in the time-domain and

frequency- domain
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Power transformer is a vital power facility in the
of

distribution, and ensuring the normal operation of

process transmission,  transformation  and
power transformer is an important part of ensuring the
security of power transmission and supply. With the
passage of transformer working time, it is inevitable
that the transformer working conditions will be
affected due to operating load operation, aging
equipment parts, turbid insulation oil, etc. , such as
loose core, winding deformation, short circuit
between turns, DC bias, abnormal discharge and
other defects. Among them, abnormal discharge is
one of the common transformer defects cases with a
high-risk factor.

In this paper, aiming at the characteristics of
weak and fast abnormal discharge of transformers,
combined with the idea of key frequency extraction
and Mel cepstral coefficient, a key voiceprint feature
extraction method based on two-dimensional design is
designed, which realizes the effective extraction of
weak abnormal discharge and high-rate feature
dimension compression on the basis of retaining the

of
this

intrinsic ~ characteristics transformer  power

frequency.  Secondly, designs a

paper
transformer abnormal discharge recognition model
based on a hybrid neural network architecture of
convolutional neural network and Vision-Transformer
(ViT), and uses the self-attention mechanism of the

network to achieve high-precision detection and

S4

recognition of weak abnormal discharge. Finally,
this paper combines the real discharge data of real
transformers to conduct experiments and analysis to
determine the best transformer feature extraction
method and identify model parameters.

By comparing with the effect of Mel coefficient,
the experimental results show that the proposed
feature extraction method can take into account the
transformer power frequency and high frequency
feature extraction, obtain better recognition accuracy
and reduce the calculation time of feature extraction.

The proposed hybrid neural network uses the
redesigned ResNetl8 network as well as the ViT
network to detect weak discharge features from the
voiceprint signal and achieve accurate recognition.
The results are shown in Tab.1.

Tab.1 Comparison of recognition time and accuracy

of different recognition methods

Methods Time (all test set)/s Accuracy/%
LST™M 672 71.53
ResNet18 197 81.25
ResNet50 331 85.42
CNN+ViT 377 89.93

By comparing with the existing feature extraction
methods and recognition methods in recognition time
and recognition rate, the proposed feature extraction
method and recognition method take into account the

recognition speed and recognition accuracy.
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