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Abstract. The article contains a review of the research on the use of deep learning
in speaker identification. It examines the problems of voice identification, highlighting
the relevance and the need for effective methods in this area. The evolution of speaker
identification techniques from simple pattern matching to complex neural architectures
is traced to understand the technological advancements in this field. Modern methods
for speaker identification and the prospects for the development of such systems are
considered. The two aims set by the authors are: to make comparative analysis of
deep learning with traditional methods and to review the current state of technology.
First they highlight the key differences and advantages of deep learning compared to
traditional approaches to speaker identification, describe the challenges in deep learning
methods, such as the necessity for large datasets and computational resources, and
analyse how these issues are addressed by the research community. Then the authors
provide a comprehensive overview of the current deep learning methods used for
speaker identification, including the latest breakthroughs and innovations in neural
network architectures, training techniques, and feature extraction methods. The potential
of unsupervised and semi-supervised learning paradigms to further enhance speaker
identification systems is explored, offering insights into the future research in this field.
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AHHoTamus. Byl FbUIBIMA Makajla CIUKEp/i aHBIKTAy TalChIpMAaChlHAA TEPEH
OKBITYIBI TMaiifanany OOWBIHIIA 3epTTeyiepre moiy Oojbin Tabbuiaabl. Makanana
OCBI cajajarbl THIMJI SIICTEPIiH ©3CKTLIIr MEH KaKeTTiIiriHe Oaca Hasap aymapa
OTBIPBII, AYBICTHI AHBIKTAY MACeJeNIepi TaaKblIaHaabl. OChI caiagarbl TEXHOJIOTUSIIBIK
XKETICTIKTEp/Ii TYCIHY YIIIH KapanaibIM YITiHI COKecTeHAIpyIeH Kypaeal HEHPOHIBIK
apXUTEKTypara JIeHiH COWJICYIIHI aHbIKTAy O/ICTEPIHIH JBOJIIOLHUACH OaKbUIAHAIbI.
Ceiineymrini aHBIKTayABIH 3aMaHayH d/IicTepi, COHai—aK MYHJIal )Kyienep/i 1aMbITy
MEepCIeKTUBANAPEl KapacThipbiaabl. By MakamaHblH eki Makcatbl Oap: «Jloctypmi
QICTEPMEH CaJIBICTBIPMAJbl TaIay», « TeXHOIOTHSHBIH Ka3ipri jkarjaiblHa IOy,
«ocTypai omicTepai KOMAAHATBHIH CAJIBICTBHIPMAIIbI TAJAAY» CIUKEPJl aHBIKTAy/bIH
JOCTYPJIIl TOCUIEPIMEH CATBICThIPFAaH/Ia TEPSH OKBITYIbIH HETI3r1 aifblpMalIbUIBIKTAPbI
MEH apTHIKIIBUIBIKTaphlH Kepceteni. CoHmaii—ak o YJIKeH AEpeKTep >KUHAKTaphl
MEH €CCeITeY PEeCypCTapblHA JIETeH KAKETTUIIK CHSKThI TEPEH OKBITY OJICTEPIHIH
aJJIbIHJIA TYPFaH KUBIHIBIKTAP/IbI KOHE OYJI KUBIHJBIKTAP/Ibl 3EPTTCY KaybIMIACThIFbI
KaJlal IIEIII )KaTKaHbIH KapacThipajsl. State of the Art mony cnivkepi aHbIKTay YIIiH
KOJIJIaHBLJIAThIH TEPECH OKBITYbIH 3aMaHayH 9/IICTePIHE, COHBIH IIIIH/1E HEHPOHIBIK XKeIl
APXHUTEKTYPAChIHAAFbl COHFBI )KETICTIKTEp MEH HMHHOBALIMSUIIAPFA, OKBITY 9JIICTEPIHE JKOHE
MYMKIHJIKTEp/li IIbIFapy 9IICTEpiHE TOJBIK HIONY Kacaiiibl. bakplmaHOaWTBHIH JKOHE
KapTblUlail 0acKapbUIaThIH OKBITY MapaurMaiapblHbIH OCHl JMHAMHKAJIBIK Cajlaarbl
Oonamak 3eprrey OarbpITTapbhl Typasibl TYCIHIK OEpeTiH CIUKepAl COHKeCTeHAIpy
JKYHeJIepiH OfIaH opi kKaKCapTy YIIIH dJICYeTI 3ePTTEIIC/I.

Tyiiin co3nep: TepeH OKBITY, CIIUKEP/Ii aHBIKTaY, HEHPOH/IBIK JKeIIep, KalTataHaTblH
KabarTap, KOHBOJIOIIMOH/IBI Ka0arTap, JaybICThl TAaHY TEXHOJIOTHSIAphI
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TEPEHOKY:3AMAHAYO/IICTEPX XOHEJIAMY BOJIAILLIAFbI//X AJIBIKAPAJIBIK
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AHHOTauus. B crarbe mpeacraBieH 0030p MCCIEI0BAHHUHN [0 HCIONb30BAHUIO
IyOOKoro oOydeHWs] B WACHTU(UKAIUM TOBOPSIIEro, PacCCMOTPEHBI MPOOIEMBI
TOJIOCOBOM HICHTH(DHUKALINH, TOJJYEPKHYTA aKTYaIbHOCTh H HEOOXOIMMOCTh Pa3padoTKU
3¢ (HeKTUBHBIX METO0B. UTOOBI IOHATH TEXHOJIOTHUECKHE TOCTHKEHHSI B 9TOW O0JIACTH,
ABTOPBI MPOCTIEIMIHA IBONIONHS METO/IOB MIACHTU(GHUKAIIMH TOBOPSIIETO OT IMPOCTOTO
COTIOCTABJICHUSI MIA0JOHOB JI0 CIIOKHBIX HEHPOHHBIX ApXUTEKTyp W PacCMOTPENH
COBpPEMEHHBIE METONbI HICHTH(HUKAIIMHA TOBOPAIIETO, & TAKXKE TIEPCIEKTHBBI Pa3BUTH
TaKUX CUCTEM. ABTODBI CTaBST JBE LICJIH: POBECTH CPABHUTEIIBHBIN aHAIU3 METO0B
DTyOOKOTO OOYYEHHsSI C TPAJAMIIMOHHBIMH METOIAMU M CHCNIaTh 0030p COBPEMEHHOTO
COCTOSIHHSI TEXHOJIOTHH. J1J1s1 IOCTHIKEHUS TICPBO# 11K aBTOPBI OTIPEICIISIOT KITFOUEBBIS
pa3auurs U MPEUMYIIECTBAa ITYOOKOTro OOYYCHHsI 110 CPAaBHEHUIO C TPaJUIMOHHBIMH
MOJIX0JJAMH K HJCHTH(DHUKAIIMKA TOBOPAIINX, OIKMCHIBAIOT MPOOJIEMHBIC CTOPOHBI
METOZIOB TITyOOKOTO O0YYeHUsI, TAKKE KaK MOTPEOHOCTh B OOJNBIINX HA0Opax JaHHBIX U
BBIYHCIUTEIBHBIX pECypcax, a TAKKe aHATU3UPYIOT CIIOCOOBI PEIICHHS 3TUX MPOOIIeM
HCCIIEIOBATENILCKAM COOOIIeCTBOM. JIJIsl TOCTHMKEHUS TIEPBOMA 1IeITH aBTOPBI MIPOBOJISAT
BCECTOPOHHHUN 0030p COBPEMEHHBIX METONIOB TIIyOOKOTO OOYYeHHs, UCTOIb3YEeMBIX
JUTS. UISHTH(UKAIIMYA TOBOPSIINX, BKIIIOUAs TIOCIEIHUE JTOCTIKEHUSI M MHHOBAIIUH B
ApPXUTEKType HEHPOHHBIX CETeH, MeTOAax 00yUESHHS K METOIaX M3BJICYCHHUS TPU3HAKOB,
a Tak)Ke M3y4aroT MOTeHIINAaJ HEKOHTPOIMUPYEMBIX H TOIYKOHTPOINPYEMBIX TTapaurM
00yUCHHMS JIJI51 TaIbHEHIIIET0 COBEPIIICHCTBOBAHUS CUCTEM HICHTU(UKAIIUH FOBOPSIIHX,
YTO TO3BOJIMT MOJIYYHUTh MPEJICTABICHUE O OYAYIIMX HAINPAaBICHUSAX MCCIICIOBAHUN B
STOU JMHAMUYHOMI 00JIaCTH.

KiroueBsle ciioBa: ryOookoe 00ydeHne, HACHTU(PHUKALINS TOBOPSIIEro, HeHPOHHbIE
CETH, PEKYPPEHTHBIE CJIOH, CBEPTOUYHBIC CJIOH, TEXHOJIOTMH PACIIO3HABAHUS roj0ca

Jast uurupoBanus: K.M. [lepraes, JI. Husz6aesa. [JTYBOKOE OBYUYEHUE B
NAEHTUOUKALIMU CITUKEPA: COBPEMEHHBIE METOABIN TTEPCITEKTUBBGI
PABBUTHSI/MEXJIYHAPOJIHBIM  XYPHAJI HMH®OPMAIIMOHHBIX U
KOMMYHHUKAILIMOHHBIX TEXHOJIOI'MI. 2024. T. 5. No. 17. Ctp. 98-109. (Ha
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Introduction

In today's world, where technology is increasingly integrated into our daily
experiences, speaker identification tasks have become critical to ensuring safety,
efficiency and convenience in various fields. In this context, deep learning stands out as
a powerful tool that promises to revolutionize traditional voice identification methods.
An introduction to this area of research aims to review current methods and prospects
for the development of deep learning in the context of speaker identification. The
discussion begins with an overview of the problems and challenges faced by traditional
voice identification methods, highlighting the limitations and inefficiencies in today's
dynamic environment. The article then moves on to the technical aspects of deep
learning, introducing the basic concepts of neural networks, including convolutional and
recurrent layers, and examining their role in processing voice data. Current methods,
results, and prospects are highlighted, outlining the potential of deep learning to solve
current speaker identification problems.

Models for identifying a person by voice are widely used in various areas of modern
society, demonstrating significant advantages in ensuring security, user convenience and
personalization of services. The introduction of these technologies reflects the growing
need for reliable and effective biometric authentication methods that can adapt to the
dynamically changing conditions and demands of the digital age.

Voice identification is a non-invasive, convenient, and fast authentication method
that can provide a prominent level of security without significant inconvenience to
the user. Voice characteristics such as tone, intonation, rhythm, and accent make each
voice unique, allowing users to be effectively differentiated even in the face of changing
environmental factors.

The importance of these technologies in the modern world is due to the growing
requirements for the protection of personal data and security of access to information
resources. Voice identification reduces the risks of fraud, identity theft and unauthorized
access, strengthening user trust in digital services and technologies.

In addition, the integration of voice biometrics into various interfaces and services
helps create more intuitive and accessible user environments, making it easier for a wide
range of users to interact with technology, including people with disabilities.

In modern scientific and engineering practice, the problem of choosing between
neural networks and traditional models is especially acute in the context of solving
complex problems of data processing, pattern recognition and forecasting. This choice
is often determined by the requirements for accuracy, the complexity of the problems
being solved, as well as available computing and time resources.

Traditional models such as linear regression, decision trees, and machine learning
methods such as SVM (Support Vector Machine) have long dominated data analytics
due to their interpretability, ease of use, and efficiency in problems with insignificant
amounts of data. These methods rely on explicit rules and mathematical models, which
makes them easy to interpret, but also limits their ability to manage complex nonlinear
relationships and large volumes of data.

On the other hand, neural networks, which are the basis of deep learning,
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demonstrate outstanding results in tasks that require processing substantial amounts of
data and identifying complex nonlinear relationships. Neural networks are capable of
independently extracting features from data due to their deep and hierarchical structure,
making them a particularly powerful tool in areas such as computer vision, natural
language processing, and audio analysis.

However, the advantages of neural networks come with certain disadvantages,
including the difficulty of interpreting results, high computational requirements, and a
tendency to overtrain when there is insufficient volume or variety of training data.

Conventional Methods

Conventional speaker recognition methods such as linear analysis and basic
matching algorithms have long been the mainstay in this field. However, they have a
number of limitations that reduce their effectiveness in complex real—world conditions.
One of the main disadvantages is their linear and static nature, which limits the ability to
adapt to changing characteristics of voice data. These methods often rely on predefined
characteristics and parameters, making them less flexible in handling a variety of voices
and accents.

Conventional approaches face significant challenges in ensuring reliability and
accuracy, especially in environments where voice data is subject to noise and distortion.
Unlike deep learning, these methods cannot always effectively separate useful voice
characteristics from background noise or handle complex speech features such as
intonation, accents and emotional nuances. This results in reduced recognition accuracy
in real—world applications where voice recording conditions can vary greatly.

Also, these methods are often limited in their ability to learn and adapt, making them
less effective in dynamic environments where speaker characteristics may change. For
example, changes in voice due to age, health, or even emotional state can significantly
impact the performance of traditional systems.

Conventional methods include the following:

Gaussian mixture models (GMM) (Ouisaadane, 2022): These models are used to
model the probability distribution of various acoustic features of a voice. GMMs have
been a popular choice for modeling voice data due to their flexibility in describing a
wide range of voice features. An example of this model in Figure 1.
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Gaussian Mixture Model scatter plot
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Figure I — Gaussian Mixture Model clustering
Hidden Markov Models (HMMs) (Naresh Babu, 2023; Deng, Aksmanovic, 1994):
HMMs have been used to model temporal sequences and structures in voice data. They

made it possible to take into account the sequence and dynamics of speech features
when recognizing a speaker. An example of this model in Figure 2.
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Figure 2 — Hidden Markov Model

7

A\

k Nearest Neighbor (KNN) (Priya, 2012): It is also possible to use the K—Nearest
Neighbors (KNN) algorithm to identify the speaker, although it may not be as efficient
as some more advanced methods, especially in complex scenarios. An example of this
model in Figure 3.
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Knn with K=3
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Figure 3 — k Nearest Neighbor clustering

Modern methods of speaker identification. Modern methods of voice identification
include neural networks.

The task of speaker identification uses different types of neural networks, each of
which has its own unique characteristics and advantages (Tran, 2022; Ignacio Lopez-
Moreno, 2013; Khalid Saeed, 2020). Below are the main types of neural networks
widely used in this field:

Deep Neural Networks (DNN): These networks are used to extract complex features
from voice data. DNNs can be trained on large datasets and efficiently extract a variety
of voice characteristics, making them a powerful tool in speaker identification.

Convolutional Neural Networks (CNN): CNNss efficiently process audio data due to
their ability to perform local perception and analyze timing patterns in audio signals.
They are especially useful for analyzing spectrograms and mel—frequency cepstral
coefficients (MFCC) of voice signals.

Recurrent Neural Networks (RNN): RNNs and their variations, such as LSTM
(Long Short—Term Memory) and GRU (Gated Recurrent Unit), are especially effective
in processing sequences of data such as speech. They consider the temporal dynamics
of voice signals, which is important for recognizing the characteristics of different
speakers.

The speaker identification task often uses pre—trained neural networks that are
initially trained on large data sets to recognize human voices. These models are typically
trained on audio processing tasks such as speech recognition so that they can efficiently
extract voice features. Here are some of the most used pre—trained neural networks in
this field:

X—vector and d—vector systems:

X—vector and d—vector systems (Abdurrahman, 2021): These deep learning based
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systems are widely used in speaker identification tasks. They are trained on speaker
classification tasks and extract “voice fingerprints” (x—vectors or d—vectors), which
can then be used for identification.

In the field of biometric voice identification, special attention is paid to the
development and analysis of systems based on feature vectors, such as x-vector and
d-vector. These systems are advanced deep learning techniques that are used to extract
compact yet informative vector representations of voice recordings, providing highly
accurate speaker identification.

X-vector systems

X-vector systems typically use deep neural networks with temporal aggregation to
extract vectors from variable length audio recordings. The process involves several
key steps: audio preprocessing, feature extraction, neural network training, and finally
aggregation through statistical pooling layers to obtain a fixed size of vectors. These
vectors contain compressed information about the characteristics of the voice and are
used to identify the speaker by comparison with reference vectors in the database.
X-vector systems demonstrate significant advantages in speaker recognition due to their
ability to process large volumes of data and adapt to different recording conditions.

D-vector systems

D-vector systems, on the other hand, use recurrent or convolutional neural networks
to directly extract discriminative vectors from short voice fragments. These systems
are trained to minimize intra-class differences between vectors from the same speaker,
while maximizing inter-class differences between vectors from different speakers.
D-vector approaches are often used in speaker verification tasks, where it is necessary
to confirm or disprove the identity of a voice based on a pre-trained model. They adapt
well to systems with limited training data and can be effectively used in real-world
applications.

DeepSpeaker

DeepSpeaker: This is an example of a pre—trained model designed specifically for
the task of speaker identification. DeepSpeaker uses convolutional neural networks to
extract voice features and can be adapted for various applications. DeepSpeaker is part
of a broader class of deep learning systems that use deep learning techniques to analyze,
process, and classify audio data. DeepSpeaker was designed to provide highly accurate
speaker identification even in environments where limited or noisy audio recordings are
available.

DeepSpeaker is based on convolutional neural networks (CNN) and recurrent neural
networks (RNN), including variants with long short-term memory (LSTM) or decaying
memory (GRU). This allows the model to efficiently process sequential data and extract
temporal patterns in audio signals, which is critical for voiceprint recognition.

Feature Extraction

DeepSpeaker uses sophisticated mechanisms to extract features from audio data,
including Mel-Cepstral Coefficients (MFCCs) or spectrograms, which convert audio
signals into more manageable forms for analysis by the network.

Attention and Aggregation
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One of the key features of DeepSpeaker is the use of attention mechanisms that
allow the model to focus on the most informative parts of the audio recording in the
process of identifying the speaker. This provides improved separation of desired signals
from background noise and other distortions.

Training and Optimization

DeepSpeaker is trained on large volumes of audio data using supervised learning
techniques, where each audio recording is associated with a specific speaker. During
the training process, the model adapts to the characteristics of each speaker's voice,
optimizing its parameters to maximize identification accuracy.

DeepSpeaker is used in a variety of applications that require reliable speaker
identification or verification, including security systems, forensics, personal assistants,
and smart homes. The model demonstrates high resistance to changes in the audio signal
and is capable of operating in conditions of varying noise levels and acoustic distortions.

ResNet

Although ResNet is most often associated with computer vision, variants of it can
also be adapted for audio tasks. In the context of speaker identification, ResNet can be
used to learn complex patterns in voice data.

Advantages

Improving Deep Network Training: Using residual blocks and forward connections,
ResNet allows you to train networks that are significantly deeper than previously
possible, reaching hundreds and sometimes thousands of layers, without performance
degradation.

Solution to the Vanishing Gradient Problem: "Skip connections" provide an
alternative path for the flow of gradients, which facilitates backpropagation and helps
in training deep networks.

Versatility and Scalability: ResNet demonstrates outstanding performance on a
variety of computer vision tasks, including image classification, object detection, and
segmentation.

Variations and Development

With the advent of ResNet, many variations of it were developed, such as ResNet-50,
ResNet-101 and ResNet-152, where the numbers represent the number of layers in the
network. Each of these models has been tailored to solve specific problems, showing
high performance and improving results on standard datasets such as ImageNet.

VGGlox

This model is a variant of the famous VGG network, adapted for audio analysis.
VGGVox is trained on large datasets for voice recognition and can be effectively used
for speaker identification.

Architecture and Key Features

Convolutional Layers

VGGVox includes multiple convolutional layers that are sequentially applied to the
input audio data. These layers are capable of extracting important acoustic features at
various levels of abstraction, ranging from simple edges and endings of sounds to more
complex patterns such as phonemes and intonation contours.
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Pooling

Each or several convolutional layers are followed by a pooling operation, which helps
reduce the dimensionality of the feature space while preserving essential information
aspects. Pooling provides some degree of invariance to small-scale temporal artifacts
in audio signals.

Regularization

To combatoverfitting and improve the generalization ability of the model, the VGG Vox
architecture uses regularization methods, including Dropout and Batch Normalization.
This allows the model to better adapt to new data that was not encountered during the
training process.

Classification and Verification

The outputlayer of VGG Vox canuse both a softmax classifier for speakeridentification,
and a Siamese or triplet architecture for voice verification tasks. Verification involves
comparing the extracted feature vectors with reference ones to determine whether they
belong to the same speaker.

Comparison of pre-trained models

In comparing these models, it is important to emphasize that x-vector and d-vector
systems, as well as DeepSpeaker, specialize in processing audio data and are optimized
for voice biometrics tasks. ResNet, on the other hand, is a general-purpose architecture
focused on computer vision, but its principles can be adapted to audio tasks. VGGVox
represents a successful adaptation of a visual model to the audio domain, demonstrating
how approaches developed for one data type can be transferred to another. The choice
between these models depends on the specific requirements of the task, the availability
of training data, and computational resources.

It is important to note that while pre—trained models can be very useful, to achieve
the best results in a particular speaker identification task, they are often fine—tuned on
specific data sets specific to a particular task or application environment.

Neural Network vs Conventional models

To understand the advantages and disadvantages of neural networks compared to
traditional methods in speaker identification, let us create a table where we compare
these two approaches (Table 1).

Table 1 — Comparison of neural networks and conventional speaker identification methods

Criterion Neural Network Conventional models
Accuracy High, due to the ability to study Lower, limited to linear features and
complex and non—linear features less effective in complex scenarios

Noise and Distortion | Good robustness thanks to training on | Less immunity to noise and distortion
Processing diverse data

Learning from Capable of automatically learning from |Limited to simple or manually selected
complex features complex features (speech dynamics, features.
intonation)
Scalability High, easily adaptable to large data sets |Limited, difficult to scale to large data
sets.
Flexibility High, can be adapted to various tasks. | Low, usually specialized in specific
tasks
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Computing Requires significant computing Less dependent on computing
resources resources for training resources

Development and Can be time consuming due to training | OTHOCHTEIBHO OBICTpEE BHEIPEHUE,
implementation time | and setup required TaK KaK MEHBIIIC 3aBHCAT OT OOy4CHHS

Neural networks offer significant advantages in accuracy, complex feature processing,
scalability, and flexibility over traditional speaker identification methods. However,
they require large computational resources and time to develop and train. Traditional
methods may be more effective in scenarios with limited data and resources, but they
are less accurate and flexible in complex environments. The choice of approach depends
on the specific requirements and constraints of the project.

Based on a comparison of neural networks and traditional methods in speaker
identification, the following conclusion can be drawn:

High accuracy and flexibility: Neural networks are superior to traditional methods in
accuracy and flexibility. They are able to efficiently process complex features and adapt
to a variety of speaker identification tasks.

Better handling of noise and distortion: By training on large and diverse data sets,
neural networks demonstrate better robustness to noise and distortion compared to
traditional methods.

Resource Intensive: Despite their advantages, neural networks require significant
computational resources and training time, which can be a limiting factor in some
scenarios.

Applicability depending on project conditions: The choice between neural networks
and traditional methods depends on the specific requirements of the project. Neural
networks are ideal for complex problems and large data sets, whereas traditional
methods may be preferable in settings where data and resources are limited.

Potential for Future Innovation: Neural networks continue to evolve, offering
new capabilities to improve speaker identification, including integration with other
biometrics and improved processing of diverse voice characteristics.

Conclusion

The authors conducted a thorough comparative analysis of modern deep learning
methods and traditional approaches in speaker identification. Based on this analysis,
several key conclusions can be drawn.

First, deep learning technologies are significantly superior to traditional methods in
identification accuracy, flexibility in data processing, and ability to adapt to different
acoustic conditions. This is possible due to their ability to efficiently extract and process
complex features from voice data.

Secondly, a review of the current state of technology showed that modern neural
networks such as convolutional neural networks (CNN), recurrent neural networks
(RNN) open new possibilities in the field of speaker identification. They not only
provide increased recognition accuracy, but also offer improved noise tolerance and the
ability to work with large and diverse data sets.

However, despite the significant benefits of deep learning, it is worth noting some
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challenges, such as high computational requirements and difficulties in interpreting
models. These aspects highlight the importance of balancing the choice of method with
the practical constraints of a particular application.

Overall, the results of the analysis highlight that deep learning is a powerful tool in
the field of speaker identification, offering significant improvements over traditional
methods and opening new prospects for future research and development in this dynamic
field.
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