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CpaBHUTE/IBHBIN AHAJIN3 M IEPCIIEKTUBBI Pa3BUTHS
Ha ocHOBe mMpoBeZIGHHOTO aHATN3a MOYKHO COCTaBHThH CPABHUTEIBHYIO TAOIUIYy TPUMEHHUMOCTH
TEXHOJIOTHHA B MHTEIUIEKTYAIbHBIX ceTsX (Tabmmua 1):
Tabmuuma 1. XapakTepuCTUKH MOJIENN

QoS
XapakTepucTuKa IntServ DiffServ MPLS + RSVP-TE
MacmtadupyemMocTb Huskas Bricokas Bricokas

T'apanTun cepBHca XKecrkue (Hard OTHOCHUTENBHBIC XKecrkue must
QoS) (Soft QoS) MarucTpaeit

CJ10KHOCTH BHEPEHHS Bericokas Huzkas Cpennsist/Bercokast

OobsacTh NpUMeHeHUs Marnsie cety, KopniopatusHzsle ceTH, Snpo cetu (Core),

BUJICOCTYIUH Edge MpOBaiIephI

ST  COBPEMEHHBIX HWHTEJUICKTYAJIbHBIX CeTel Y30ekucTaHa, T€¢ HaONI0IAcTCsl aKTUBHOE
BHeApenue Texnonornit NGN u 5G, Hanbolree mepcreKTUBHBIM SBIsIeTCS THOpUIHbIHN moaxo. Ha yposHe
nmoctyna (Edge) nenecoobpasno ucnonszosars DiffServ s knaccudukarmn aboHeHTckoro Tpaduka, a
B wMmaructpaabHoM sgpe (Core) — MPLS mns  oOecriedeHHst CKOPOCTHOW KOMMYTAallUd |
OTKa30yCTOMYUBOCTH.

3akiiouenue. AHanu3 TexHoJOrui oOecreueHus: QOS mokasan, YTO Ha COBPEMEHHOM JTare
PasBUTHS MHTEJUICKTYaJIbHBIX CETEH CBSI3M HE CYIIECTBYET €IMHCTBEHHON YHHBEPCAIbHOM TEXHOJIOTHH.
OntuMmansHOE pelleHre 3aKII0YaeTcss B UHTErpauu Moaenu audQepeHIupoBaHHOTO 00CTYKHBaHUS C
MEXaHM3MaMu ynpaeiieHus Tpadukom Ha 0aze MPLS. Hcnonw3oanue cesazku MPLS + RSVP-TE
MO3BOJIIET JIOCTHYh HEoOXoauMoro OajlaHca MeXZAy T'MOKOCTBIO YIpPAaBICHUS pecypcaMu U
MaCIHTa6I/IpyCMOCTBIO CUCTCMBI, YTO ABJIACTCA KPUTUICCKHU BAKHBIM JJI O6eCH€‘I€HI/Iﬂ BBICOKOI'O Kau€CTBa
MYJIbTUMEINHHBIX YCIYT B YCJIOBHSX IOCTOSHHO PacTyLed Harpy3ku Ha CeTH CBSI3M TallkeHTa U
pecyOIuKH B 1IETIOM.
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Annotatsiya: Mazkur maqgolada nutqqga intellektual ishlov berish tizimlarida so’zlovchilarni tanib
olish masalalari ko‘rib chigiladi. Zamonaviy nutgni gayta ishlash usullari asosida so’zlovchining individual
xususiyatlarini ajratib olish va ularni solishtirish jarayoni tahlil gilinadi. Tadgigotda PLDA modelidan
foydalanish orqgali so’zlovchilarni aniglashning samarali usullari yoritilib, modelni turli sharoitlarda
go’llash imkoniyatlari hamda hisoblash resurslarini tejash bo’yicha afzalliklari ko’rsatib berilgan.

Kalit so’zlar: nutq signallari, intellektual ishlov berish, so’zlovchini tanib olish, PLDA,
embedding, sun’iy intellekt, ECAPA-TDNN.
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Abstract. This article examines the issues of speaker recognition within intelligent speech
processing systems. It analyzes the process of extracting and comparing individual speaker characteristics
based on modern speech processing techniques. The study highlights effective methods for speaker
recognition using the PLDA model, demonstrating its applicability under various conditions and its
advantages in conserving computational resources.
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MHTEJUICKTYalbHOW  00palOTKM peud. AHAINM3UPYEeTCs TPOLECC MW3BJICYCHUS M CpPaBHEHHUS
WHJIMBUIyalbHBIX XapaKTepPUCTHK JUKTOpa Ha OCHOBE COBPEMEHHBIX METOJOB 00paboTKH peun. B

MCCIICIOBAHNN OCBeEINaloTcsl 3G (EKTUBHBIE METOABI PACIIO3HABAHHUS JAMKTOPOB C HCIIOJIB30BAHUEM
monern PLDA, neMoHCTpupyeTcs BO3MOXKHOCTH €€ NMPUMEHEHHUS B Pa3IMYHBIX YCIOBHSX, a TaKXKe
MPEUMYILECTBA C TOYKU 3PEHUS SKOHOMHH BBIYMCIUTEIbHBIX PECYPCOB.
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Kirish. Hozirgi kunda hisoblash mashinalari va sun’iy intellekt texnologiyalarining jadal
rivojlanishi natijasida nutqga intellektual ishlov berish tizimlarining matematik modellari va dasturiy
ta’minotini takomillashtirish dolzarb masalaga aylanmoqda. Bunday dasturiy majmualar va algoritmlar
yordamida inson nutgini tahlil gilish, ragamli signallardan semantik hamda biometrik ma’lumotlarni ajratib
olish va avtomatlashtirilgan qaror gabul qilish imkoniyati yaratilmoqda[1]. So’zlovchilarni tanib olish
tizimlari axborot xavfsizligi, biometrik autentifikatsiya hamda inson-kompyuter mulogoti
(ing: Human-Computer Interaction) jarayonlarini tabiiy hamda uzluksiz ta’minlashda muhimo’rin tutadi[1-
3]. Nutgqga asoslangan dasturiy tizimlarning asosiy afzalligi murakkab va gimmatbaho qo’shimcha apparat
ta’minotini talab gilmasdan, standart mikrofon hamda hisoblash qurilmalarining o’zida optimal algoritmlar
yordamida yuqori samaradorlik bilan ishlash imkoniyatining mavjudligidir.

Nutq signallariga ishlov berishning algoritmik modeli

Nutq signallarini dasturiy muhitda gayta ishlash bir necha algoritmik va hisoblash bosgichlaridan
iborat. Dastlab, analog signal ragamlashtirilib, ragamli filtrlar yordamida turli xil akustik shovginlardan
tozalanadi. So’ngra VAD (ing: Voice Activity Detection) algoritmi orgali faol nutg gismlari aniglanib,
keraksiz jimjitlik gismlari (non-speech) qirgib olinadi[2-6]. Ushbu bosgichda tizimning hisoblash
resurslarini optimallashtirish magsadida chuqur neyron tarmoglar, xususan, ECAPA-TDNN (ing:
Emphasized Channel Attention, Propagation and Aggregation in TDNN) arxitekturasiga asoslangan
dasturiy modullar qo’llaniladi. Mazkur neyron tarmoq signaldan yugori darajadagi diskriminativ embedding
vektorlarni shakllantirib, so’zlovchining biometrik xususiyatlarini tizim tushunadigan ixcham matematik
ko’rinishga o’tkazadi[3,4].
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1-rasm. Nutq signallaridan biometrik profil shakllantirish jarayoni

Ajratib olingan n-o’lchamli embedding vektorlarni solishtirish va qaror qabul qilish jarayonida
PLDA (Probabilistic Linear Discriminant Analysis) matematik modelidan foydalaniladi. PLDA noma’lum
vektorlarning o’xshashligini ehtimollik prinsiplari asosida baholaydi. Ushbu yondashuvning dasturiy
afzalligi shundaki, u matritsali hisoblash murakkabligini keskin kamaytiradi va katta hajmli ma’lumotlar
bazalarida tezkor qidiruv hamda solishtirish imkonini beradi. Matematik jihatdan model so’zlovchi
variatsiyasi va sharoit variatsiyasi ta’sirini alohida qismlarga ajratib tahlil giladi. Bu esa apparat qismida
mikrofon sifatining o’zgarishi yoki tarmoqdagi shovqinlar inson-kompyuter mulogoti tizimlarining
ishonchliligiga salbiy ta’sir ko’rsatishining oldini oladi[7-9]. PLDA modelining asosi quyidagi generativ
tenglamaga tayanadi:

x=u+dy+rlz+e
Bu yerda x — ajratib olingan n — o’lchamli so’zlovchini ifodalovchi xususiyat vektori, u — barcha
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ma’lumotlat uchun umumiy o’rtacha giymat, ®y — so’zlovchining 0’ziga xos xususiyatlarini ifodalovchi
gism, I'z — yozib olish sharoiti va kanal xususiyatlarini ifodalovchi gism, € — qoldiq xatolik yoki gauss
shovqini.
Tizimga kelib tushgan ikkita noma’lum vektorning (x1 va x) bitta so’zlovchiga tegishli ekanligini
baholashda ehtimollik prinsiplariga asoslangan Log- leehf&%" ar IjR) funksiyasi qo’llaniladi:
1' X2 same

score(x , x)—l
P(x ,x |H )
1 2 diff

Ushbu yondashuvning dasturiy afzalligi shundaki, ehtimolliklarni hisoblashda oldindan o’qitilgan
matritsalar qo’llanilishi sababli, u hisoblash murakkabligini keskin kamaytiradi va katta hajmli ma’lumotlar

bazalarida tezkor gidiruv hamda solishtirish imkonini beradi. Shuningdek, I'z vektorini baholash va
ta’sirini kamaytirish hisobiga, apparat qismida mikrofon sifatining 0’zgarishi yoki tarmoqdagi shovqinlar
inson- kompyuter mulogqoti tizimlarining ishonchliligiga salbiy ta’sir ko’rsatishining oldini oladi[10,11].

Tajribalar. Tajriba davomida chuqur neyron tarmoq orgali olingan so’zlovchilarni ifodalovchi
xususiyatlar vektorlar kosinus kosinus masofasi hamda ehtimollik asoslangan PLDA modellari yordamida
giyosiy tahlil gilindi. Sinov jarayonida tizimning bargarorligini tekshirish uchun VoxCeleb ochiq
ma’lumotlar bazasidan olingan turli shovqin darajasiga ega nutq signallaridan hamda maxsus yig’ilgan nutq
to’plamidan foydalanildi.

1-jadval. So’zlovchilarni tanib olish anigligini giyosiy tahlil qgilish

natijalari
Baholash usuli (Scoring Qabul gilingan EER | MinDCF Aniglik darajasi
method) xususiyat (Embedding) (%) (0.01) (Accuracy, %)
Kosinus o’xshashligi ECAPA-TDNN (192 1.92 0.185 88.07
(Cosine Similarity) 0’lchamli)
Standart LDA (Linear ECAPA-TDNN (192 1.45 0.142 90.55
Discriminant Analysis) 0’lchamli)
PLDA modeli (Taklif ECAPA-TDNN (192 0.87 0.092 94.35
etilgan usul) o’lchamli)

Biometrik tizimlarning dasturiy va algoritmik samaradorligini baholashda tizimning begona
shaxsni adashib gabul gilish (ing: False Acceptance Rate - FAR) va hagigiy foydalanuvchini inkor etish
(ing: False Rejection Rate - FRR) xatoliklari 0’zaro kesishgan nuqta, ya’ni EER (ing: Equal Error Rate —
teng xatolik ko’rsatkichi) asosiy mezon hisoblanadi. Bu ko’rsatkich qancha past bo’lsa, dasturiy
majmuaning ishonchlilik darajasi shuncha yugori bo’ladi. 1-jadval ma’lumotlaridan ko’rinib turibdiki,
taklif etilayotgan PLDA modeli an’anaviy Kosinus o’xshashligi (1.92%) va standart LDA (1.45%)
modellariga nisbatan EER ko’rsatkichini 0.87% gacha gisqartirishga erishdi.

Shu bilan birga, real amaliyotda begona odamni tizimga Kiritib yuborish xavfi hagiqiy
foydalanuvchini tanimay golishdan ko’ra gimmatroq ogibatlarga olib kelishi mumkin. Shu sababli, algoritm
tahlilida qo’shimcha ravishda MinDCF (ing: Minimum Detection Cost Function — aniglash xarajatining
minimal funksiyasi) ham hisoblab chigildi. Ushbu mezon biometrik tizimning ishchi muhitdagi “xatolik
narxini" baholaydi. Natijalar shuni ko’rsatadiki, chuqur neyron tarmoglar (ECAPA-TDNN) va ehtimollikka
asoslangan PLDA modelining integratsiyasi MinDCF ko’rsatkichini minimal darajaga (0.092) tushirib,
tizimning axborot xavfsizligi talablariga to’liq javob berishini matematik jihatdan isbotladi.

Xulosa. Mazkur maqolada nutqqa intellektual ishlov berish va so’zlovchilarni tanib olish
tizimlarining algoritmik va matematik ta’minoti tahlil gilindi. Tadgigot natijalari shuni ko’rsatadiki, chuqur
neyron tarmoglar va PLDA modelining birgalikdagi integratsiyasi matritsali hisoblash murakkabligini
kamaytirib, yozib olish sharoiti variatsiyalarining salbiy ta’sirini minimallashtiradi. Ishlab chigilgan ushbu
dasturiy-algoritmik yechimlar kelgusida ovozli yordamchilar, biometrik xavfsizlik tizimlari va
avtomatlashtirilgan inson-kompyuter mulogoti tizimlarini takomillashtirish uchun mustahkam poydevor
bo’lib xizmat qiladi. Ushbu maqolada olingan natijalar va ishlab chigilgan matematik modellar kelgusida
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yanada murakkab va qamrovli bo’lgan speaker diarization (nutq signalidan so’zlovchilarni avtomatik
ajratish va tanib olish) masalalarini hal qilish uchun mustahkam poydevor bo’lib xizmat giladi.
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AHHoTauusi: B naHHOW cTaTke paccMaTpuBaeTcs, KaK COBPEMEHHBIE TEXHOJIOTMH
UCKYCCTBEHHOT'O HHTEJJICKTa IIOMOTalOT IPEICKa3blBaTh OMOJOIMUYECKYI0 AKTHMBHOCTb XMMHYECKUX
coenuHeHHE. Oco00¢ BHUIMaHHE YIEICHO METOaM MAITHHHOTO U TITyOOKOTO 00YUeHUS, TPUMEHSICMBIM
B QSAR- MonenupoBaHMH, BUPTyaJlbHOM CKPMHHMHIE€ W MOJIEKyJIsApHOM nu3aiiHe. Iloka3aHo, 4ro
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