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Section 5

YTO OT TOYHOCTH OIPEICIICHUS HEU3MEPSIEMOT0 BXOIHOTO CUTHAJIA CYIIIECTBEHHO
3aBUCUT KA4eCTBO IMPOIECCOB  VIPABJICHUS CHHTE3UPYEMOW  CHCTEMBI
yopaBieHus. BBuay 3TOro oOCTOSTENbCTBA BO3HHKAET HEOOXOIMMOCTH
UCITOJIB30BaHUS 3¢ (HEKTUBHBIX aJTOPUTMOB TICEeBI000paIICHUS
MEPCONIPEACIICHHBIX ~ MaTpuil.  VI3BecTHO, 4YTO  3aJada  BBIYMCIICHHS
TICeBI000OpaTHOM MaTpHIIBl B OOIIEM Cllydae HEYCTOHYMBA IO OTHOIICHUIO K
MOTPENTHOCTSAM B 3aJaHUW HWCXOMHOW MmaTpuibl. [Ipu 3TOM moTrpentHocTH
WCXOJHBIX JTAaHHBIX €CTECTBEHHBIM 00pa30M 3aBHUCST OT TOYHOCTH IPOBEICHHUS
DKCIIEPUMEHTAJILHBIX ~ HCCIICOBAHUN, W XapaKTCPUCTUKH BBIYHCISIEMOTO
IpoIecca 3aBUCAT OT CTEMCHU aJeKBATHOCTH MOJCIH PEATBHOMY TIPOIIECCY.
Biusitnue morpentHocTed OKpyIrJIeHUM, MPOM3BOJAMMBIX B XOJi€ pealu3alliu
BBIYUCIIUTEILHON TIPOLIEAYPhl HAa TOYHOCTh MCKOMOIO pEIIEHUS, MOXHO
MIpOAHAIM3UPOBAaTh HAa OCHOBE W3BECTHBIX METOJIOB aHaidW3a M OajaHca
TOYHOCTEeH. JIIsl TOJIydeHUs YCTOMYHMBOTO PEIICHUS YPaBHEHHS TEKYILETo
3HAUCHUS HEU3MEPSEMOTro BXOJHOTO CHUTHAJIAa HWCIOJIL30BAaHO Pa3IOKCHUE
MaTPUYHOTO OTEpaTopa ClpaBa Ha AJIEMEHTAPHBIE OPTOTOHAIBHBIC MATPHUIIBI
BpAaIlCHUS U CJIEBa HA MAaTPHIIHI IIEPECTAHOBOK.

Takum oOpa3oM, W3 TOJYUYEHHBIX pE3yJbTaTOB CIEAyeT, 4YTO 3ajada
CTPYKTYpPHOTO CHHTE3a OOpaTHOM CHCTEMBbI pa3peniuMa IpH BBITOJIHECHUH
YCJIOBUI 0OpaTUMOCTH WUIH HAOJII0JIaEMOCTH 110 BXOIy UCXOJHOM CHCTEMBI, T.C.
KOTJla YHCJIO BXOJIHBIX HEHU3MEPSEeMBIX IEPEMEHHBIX HE IPEBBINIACT YHCIIA
BBIXOJHBIX. [Ipu 3TOM 3a7ada MMEET MHOXKECTBO PEIICHUM, OMPENeIsIeMbIX C
TOYHOCTBIO JI0 TIPOM3BOJBHON MATPHIBI BAaPbUPYEMBIX TApaMeTPOB. ITO
oOyCJIOBTMBA€T BO3MOXXHOCTH  PEIICHWS HA BTOPOM JTamle  3aJauu
apaMeTpUYECKOT0 CHHTE3a, COCTOSAIICH B BBHIOOpPE JJIEMEHTOB YKa3aHHOM
MaTpHIIBl, UCXOJsI M3 TPeOOBaHWM OOecIeunBaHUs 3aJaHHBIX JTUHAMHUYECKHUX
CBOMCTB OOpaTHOMN CHUCTEMBI.

YYKYP HEVIPOH TAPMOKJAP ACOCHJIA CHHTETUK HYTKHHU
AHUKJIAIIJA IUKKAT MEXAHU3MHWHUHI' AXAMUSATHU
Kum K.K., Aoayninaes HILIII.

Yuoy tankukorna ECAPA-TDNN  apxuTekTypacujmard  CTaTUCTHUK
OMPIAIITUPHUIIT TUTTUJATH JUKKAT MEXAaHU3MUHUHT CUHTETUK HYTKHU aHUKJIAII
macanacura Tabcupu yprauwnaaun. LFCC Ba LogMel 6enrunapura acocianran
ASP Ba SSP mopaemmapununr kuécuit taxaman (ASVspoof2019 LA dataset)
IIYHU KYPCATAWKH, TUKKAT MEXaHW3MHUAAaH (PoWaaHuII XaTOMUK JapakaCHHH

238



Cekuusa 5

cesmnapnu gapaxana kamadtupaan (EER = 0,08% Ba 0,27%) xamma
ayTeHTHQUKaus Ba  OBO3MM  (PUpHOTApIMKHM  aHWKJIANA  FOKOpHU
UITOHYWIMIIMKHU TAbMUHIAWIH.

BJIMSIHUE MEXAHU3MA BHUMAHUS HA BBISIBJIEHUE
CUHTETUYECKOM PEYH B I/TYBOKUX HEMPOHHBIX CETSIX
Kum K.K. (HUU pazsutus uudposix Texnonoruit u UM, Y3oekucran),
Aoayanaes II.II. (Oriental University, Y30ekucran)

B maHHOM HCClIeIOBaHUU paccMaTPUBACTCS BIMSHUC MEXaHU3Ma BHUMAHHUS
Attentive Statistics Pooling B apxurekrype ECAPA-TDNN Ha 3amauy
JICTEKTUPOBAHUS CUHTeTHYCCKOU peur. CpaBHHUTEIBHBIN aHaIN3 Mojeneii ¢ ASP
u SSP na npusnakax LFCC u LogMel (maracer ASVspoof2019 LA) mokasai, uro
UCIIOJIb30BaHUE MEXaHW3Ma BHUMAHHMSI CYIIICCTBEHHO CHHU)KAET YPOBEHb OIMOOK
(EER = 0.08% mnpotuB 0.27%), obecrnieunBas 0oyiee BBICOKYIO JTOCTOBEPHOCTD
IpH ayTCeHTU()HUKAIIMK U BBISIBJICHHH TOJI0COBOTO MOIIICHHUYECTRA.

THE IMPACT OF THE ATTENTION MECHANISM ON SYNTHETIC
SPEECH DETECTION IN DEEP NEURAL NETWORKS
K. Kim, Sh. Abdullaev

Introduction. The advancement of generative models for synthetic speech
presents significant threats to the financial sector, telecommunications, and
information security. Synthetic speech can be exploited in voice phishing and
disinformation campaigns, resulting in financial losses and erosion of trust.
Therefore, the development of robust automatic detection methods is critically
important.

This study presents the development and comparison of two ECAPA-
TDNN-based models using LFCC and LogMel features, with emphasis on the
attention mechanism. The practical relevance lies in applications for banking and
telecommunication authentication. The scientific novelty includes the design of
original models with Attentive (ASP) and Simple (SSP) Statistics Pooling and the
evaluation of their effectiveness.

Method. Experiments were conducted using the ASVspoof2019 (LA)
dataset. LFCC and LogMel features were extracted with cepstral mean and
variance normalization (CMVN) and augmented using SpecAugment. Two model
architectures were developed (Table 1):

e M1 (with attention): incorporates ASP with softmax-based weighting of
temporal segments.
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Section 5

e M2 (baseline): employs SSSP based on mean and standard deviation.
Both models adopt a late-fusion strategy by merging the LFCC and LogMel
feature branches into a shared ECAPA-TDNN encoder, followed by binary
classification. Training was performed using the AdamW optimizer, cross-
entropy loss with class weighting, gradient clipping, and mixed-precision
computation. Model performance was evaluated using the Equal Error Rate (EER)

metric.

Components M1 Parameters (with attention) M2 parameters (baseline)
Input features 20/64  coefficients, n_fft=512, | 20/64 coefficients, n_fft=512,
(LFCC/LogMel) | hop_length=160 hop_length=160

2xConvld (k=5,3), | 2xConvld (k=5,3),
ConvBranch out_channels=128, SE out_channels=128, SE
ECAPA Stem  (k=5) —3xRes2Block | Stem  (k=5) —3xRes2Block
(branches) (d=2,3.,4, scale=8, ch=192 — ASP | (d=2,3,4, scale=8, ch=192 — SSP
ECAPA (fusion) | — FC — emb(192) — FC — emb(192)

. ASP (Conv — tanh — Conv — | SSP (mean + std over time, no

Pooling )

softmax) attention)
Classifiers Linear (192—2, 192—2, 256—2), | Linear (192—2, 192—2, 256—2),

Dropout (0.1) Dropout (0.1)

AdamW  (Ir=3e-4, wd=1le-4), | AdamW (Ir=3e-4, wd=1e-4),
Education batch=32, epochs=30, | batch=32, epochs=30,

class_weights=1:10

class_weights=1:10

Augmentation

Spectral masking (=30, f=6)

Spectral masking (=30, f=6)

Table 1. Key architectural parameters of the proposed M1 and M2 models

Results. On the ASVspoof2019 dataset, M1 incorporating ASP achieved
an Equal Error Rate (EER) of 0.08%, demonstrating a clear separation between
bonafide and spoofed classes. In contrast, M2 with SSP yielded a higher EER of
0.27%, indicating greater overlap in the countermeasure (CM) score distributions

(Figure 1).
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Fig. 1. Comparative evaluation of models on the ASVspoof2019 (LA) validation set:

a) ROC curve and distribution histogram of countermeasure (CM) scores for M1 (ASP);

b) ROC curve and distribution histogram of CM scores for M2 (SSP).

The comparison confirms that attention mechanism reduces errors and
improves reliability. Both models demonstrate potential for safeguarding
economic systems against voice fraud, with M1 offering superior robustness due

to its lower EER.

Conclusion. This study showed that adding attention (ASP) to the ECAPA-
TDNN architecture significantly lowers the EER compared to the baseline (SSP).
This confirms attention’s effectiveness for synthetic speech detection and its
potential in authentication and information security.

SOFTWARE PACKAGE "STEP-BY-STEP PLANNING OF

INDUSTRIAL EQUIPMENT REPAIRS"

A.A. Kadyrov, R.K. Saidzhanov
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