JIEH3EHCKHUU 'OCYJIAPCTBEHHBII YHUBEPCUTET»

Daxynsmem Kageopa

BBIYUCITUTEIIFHON TEXHUKH « BpIYAC/IMTE/IbHAA TEXHHKEY

Hamnpasnenve moarorosku:  09.04.01 « MindopmaTuka ¥ BIMHACHATE/IbHAS TEXHAKAY

Marucrepekas nporpamMma:  «lIpuitaHON MCKYyCCTBEHHbIH HHTEICKT?

ATHCTEPCKASI TUCCEPTAIASA

Ha TeMy

PA3PABOTKA CEPBUCA
PACIIO3HABAHUA IIEJEBOI'O 'OJOCA B
YCJIOBHUAX IITYMOBBIX HOMEX

CryaeRT Jpoz— 2§ vs6Top6yHoB Huxura ANlekceeBnd
(moammiIcE, faTa) (PHO nonrocTEIO)
PyxoBogure/in ﬂ/““”-‘ 280326 _Bypykuma WUIL
#onmHc, 1aTa) (badnomns, MrmIRNL)
HopmoxorTpoiiép @ 25 08 2¢___ bBerukoB AC.
é%( , = (rmi':ln;zr b, 1aT3) 2.9.0% ?(¢awxmm, HHMLHAT L)
DA e et L ee CrAal L. 0% &)
Penemsenr A0 (/170 P20 iz {2 £ Z;m,rébﬁﬁ ‘ch:zcee/m/agl?
"{nonxnocts, Mecfo pasorr) U (noammcs, nate)  (demswmns, mymmpians)

Paboma oonywena x saupume (NPOTOKOI 3aC, KAPEAPH OT ol 25-.0¢ N /4 )

3aBexyromuii Kadenpoii A e 8 M.A. Mutpoxus
©  (noxrmios) (pasvwm, monyms)

Paboma saupayena ¢ ommemxoil _&£7*-“<o  (nporokon sacenamus DK
or 07 wrowes 204 N /0 )

Cexperaps ['9K — EM. I'ypun
(moarmek) (bavauie, )




DegepabHOe rocylapeTBeHHoe GropkeTHoe 00pa3oBaTeIbHOe YIpexkIeHne
BRICIIIETO 0Opa30BaHUL
«IIEH3EHCKHUM I'OCY JIAPCTBEHHBIA YHUBEPCUTET»

Kadgpeopa
«BrerucmresibHas TEXHAKA

Daxynrvmem

B__l_:_liHCJIHTeJIbHOﬁ TEXHUKH

«Y TBEPIKIAKO»
3apefty o Kadenpoi

-~ < MA. MurpoxuH
& 70 » DS 2074 1.

SAJJAHUE
HA MATUCTEPCKYIO JUCCEPTAILIMIO

1. Crynent Fop6ynor Hukura Anekceerua 24BBUM2 dakynbTeTa BLIMHC/IATEBHOR TEXHAKH,
HanpariaeHus 09.04.01

2.Tema paGotsl «Pa3paboTKa cepBHCa paclo3HaBaHMS 1[€JIEBOTO IOJIOCA B YCIOBHAX IIYMOBBIX

IIOMEX» _
Tema yTeepskaena npukazom IITY Ne G20 /2 QT2 £) e C@#(ﬁ»&:&ﬁ( 202% 3

3. PykoBojuTe Ik MaruicTepcKoH AUCCEpTAlMH . T.H., JoleHT bypykuna H.IL

4. 3ajanue Ha paboTy (HazHaueHHE pa3pabOTKM, HCXO/HbIE JAHHbBIE U T.II.)
Hazuauenne pazpaboTKM: aBTOMATHYECKOE PACNO3HaBaHWE H TpaHCKpuOalms pewn

IIEJICBOrO IOBOpPAMIEro B MHOrOTOJIOCBHIX 4yJHO3AIIMCAX HA OCHOBE METOHOB 6HOME.’I’pH‘]BCKOﬁ

uzleHTH(UKAIMYE I010Ca U HeHpoceTeBO 0OpaboTKH aKyCTHUECKHX CHITHATIOB.

PaspaGorars NpOrpaMMHBIH CepBHC, INPHHHMAIOMMH HA BXOJ ayAHO3ANHChL ¢

HECKOJLKMMH YIACTHUKAMH M KOPOTKHH roJI0cOBOH 00pasel 1e/IeBOro AHKTOPA, BLINOJIHAIONHH
HACHTHDUKAIMIO M TPaHCKPUOALMIO pedM TOJNBKO OTOrO yYacTHHKA. CepBHC J0/DkeH
- (DYHKUMOHKPOBATL B 0l pexxnme Ges nepeauu JTaHHbIX RO RHEITHUE CEPBUCHL,

5. Iepeyens HoA/IeXKamMuX pa3paboTKe BOIPOCOB
1. AHanu3 cymECTBYIOMHX METO/0B IHAPH3ALIMH PEUH, IIYMOTIOAABICHUS 1

ABTOMATHYECKOTO PACTIO3HABAHMSA PEUH, OLEHKA BOIMOKHOCTH HX IPHMEHEHUS UL
HleHTH(UKAIMH LEIEBOTO TOBOPSIIETo,

2. PaspaGoTxa airopuT™a HACHTHOHUKALIM LIE/ICBOTO IMKTOPA 110 TOTIOCOBOMY 06pasiy
Ha OCHOBE CPABHEHHSI FOJIOCOBBIX OTNEYATKOB ¢ NPHMEHEHHEM KOCHHYCHOTO CXO/ICTBA,




3. HpoexTiposanme u peanmianms nainiaina, 00beJHHAIONEro AHapH3aIMIo,
HICHTHUKALIHIO HeNeBOro roROPAIIEro K TPAHCKPHOAIMIO €ro peun, BKIHYas
MEXAHHIMbI KOPPEKLHH OMUGOK MAPHIALIMH HA OCHOBE aKYCTHUECKOTO CXOACTRA 1
A3BIKOBOM MOJIe/TH.

6. Kanenaapusiit rpamk suimomenms paGoTsI

e

 (nodnuce, oama)

T (noanueb* dama)

®uonosa JI.P.

| O6reMm Cpox [Mogmmce
N Haumenosanwue stanos paGoTsl paborse | mumomenn | pymmommes

AHam3  npeaMetwolt  obmacth  u | 10% 20.09.2024- '
CVIIECTBYIOIHX CHCTEM 21.11.2024 /’?ﬁ—
Hecneosanme u cpasumremusiit anamns | 30% | 22.11.2024-

METO/I0B  [HAPH3AIAM,  M3BJICUEHUS 22.01.2025 %
POJIOCOBBIX OTICYATKOB M TpaHCKpUGaUU

peun

PazpaGorka anrop.m-a waentudukanun | 20% | 23.01.2025-

[eJEBOr0  JIMKTOPa MO  rOJIOCOBOMY 23.04.2025 %
obpasly Ha OCHOBE  KOCHHYCHOIO

CXO/ICTRa :
IIpoexrupoBanue " peammanus | 20% 24.04,2025- ]
nauIaiHa (Tnapu3anus, 29.01.2026 @‘_/
BAeHTHUKaLMs, TPaHCKpHOGAI NS, :
KOPPEKIHS OMHUGOK)
TectupoBanme cepsuca m  ouenka | 10% 30.01.2026- |

KadecTra no metpuke WER 30.03.2026 | ﬁ_ﬁ

| Cpasuenne ¢ asanoramu u ofopmenne | 10% | 31.03.2026- |

paborst | 31.05.2026 | &""

T'opbynos H.A.




PED®EPAT

Mamm*epcuaa paGora conepur 776 nuctoB, 21 pucynok, 8 tabnum, 40

HCTOYHHKOB, 2 npunoskeHus,

AUAPUBALINS PEYM, PACITO3HABAHHUE LEJIEBOI'O I'OBOPAIIEIO,

I'OJIOCOBOM OTIIEYATOK, KOCHUHYCHOE CXOACTBO,
TPAHCKPUBAIAS PEUH, HEMPOCETEBAA OBPABOTKA
AKYCTUYECKHUX CUT'HAJIOB, IITYMOBBIE ITOMEXH,
MHOT OT'OJIOCBIE AYJIUO3AITHCH, BUOMETPUYECKAA

HIEHTHUOUKAILIMSA, SI3BIKOBA S MO/IEJIb
Ilens pabGorel — paspaboTka NMPOrpaMMHOTO CEpPBHCA, TPUHEMAIOLIEro

MHOTOr'0JI0CYIO Ay O3aruce Hu roJIOCOBOM 06pa3eu LHEeJICBOTO Y4YaCcTHHKA H

hopmupyrontero paciHGpOBKY TOIBKO ero pedn B odaifH-pexume.

O6nexToM paspaboTky SBATETCS MPOrPAMMHBII CEPBUC HACHTADUKATINN 1
TPaHCKPUOAUMH PeYH LEIEBOr0 rOBOPSINErO B YCIOBHIX aKyCTHHYECKHX MOMEX.
CepBuc NpUHEMAET Ha BXOZ MHOTOI'0JIOCYIO ayAHO3aNHCh U KOPOTKHH rOJI0COBOH
oOpasen Hy»HOTO Y4ACTHUKA, BLIMOMHIET AHAPH3ALMIO, CPaBHHBAET rOJIOCOBBIE

OTHEYaTKH BCEX TIOBOpAINX C pedepeHCOM u (OPMHPYET TEKCTOBYIO

paclu(ppPOBKY PeYM TOIBKO HEJIEBOTO AUKTOPA.

B pesynetate pabotel pa3paboTaH H  IIPOTECTHPOBAH CEpPBMLC,

OOBENMHSAIOMMA IUAPH3ALMIO, UACHTH(UKALMIO NMKTOPA MO TONOCOBOMY
obpasny u TpaHckpuOauuio B emuHbli maiimmaiin. Ileneroit OUKTOP BEpHO
ONpeaesIeH BO BCEX TECTOBBIX 3aMuCsaX, Hu omuH 13 TpéX npoBepesssix ananoros
HE pacrojaraeT MEXaHM3MOM HACHTU(MKALME KOHKDETHOTO JUKTOpA IO
roJIoCOBOMY 00pa3iy,

PesynpTaTel MOTyT NPUMEHSATBCS JUIS IPOTOKONMPOBAHMS COBEINAHHHN, B

IOpHAMYECKOH M MEIMUMHCKOH MPAKTHKe, & Takke B JanbHeHmux pazpaboTkax B

067acTH MePCOHATH3HPOBAHHOTO PACHO3HABAHUS PEUX.
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daii1 «main.py»

Target Speaker Extraction — Touka BxoIa
Marucrepckasa paboTa: PacrnosHaBaHME LEJeBOT0 I'0JIoCa B YCJIOBUAX

IIYMOBEIX IIOMEX

3amnyck:

python main.py

mwrww

import os

import shutil

from datetime import datetime
import torch

import whisper

from pyannote.audio import Pipeline

from speechbrain.inference.speaker import EncoderClassifier

import config

from audio utils import convert to wav

from speaker import extract reference embedding,
compute speaker embeddings, filter target segments

from merge speakers import merge similar speakers, merge via llm
from diarization import diarize audio

from transcription import transcribe segments,
merge close segments, save result

from debug save import save diarization, save per speaker audio,
save target audio, save similarity scores

from postprocess import postprocess segments

def archive temp (temp path: str) -> None:

"""TlepememaeT comepxmMoe TEMP B moamnankKy C IaTOM-BPEMEHEM.

if not os.path.exists (temp path):
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return

files = [f for f in os.listdir(temp path)
i1f os.path.isfile(os.path.join(temp path, f))]

if not files:

return
stamp = datetime.now () .strftime ("%Y-%m-%d SH-%SM-%S")
archive dir = os.path.join(temp path, f"temp {stamp}")
os.makedirs (archive dir, exist ok=True)
for £ in files:

shutil.move (os.path.join(temp path, f),

os.path.join(archive dir, f))

print (f" Ipenenymme ¢anyer TEMP — {archive dir}")

def main() :
device = "cuda" if torch.cuda.is available() else "cpu"

print (f"Device: {devicel}l")
if config.DEBRUG:
archive temp (config.TEMP PATH)

os.makedirs (config.TEMP PATH, exist ok=True)

# — 3arpyska MomeJsien

print ("\n[1/3] 3arpyska ECAPA-TDNN (speaker encoder)...")
encoder = EncoderClassifier.from hparams (
source=config.ECAPA MODEL,
savedir=config.ECAPA SAVEDIR,

run_opts={"device": device},
)
print ("[2/3] 3arpyska pyannote diarization pipeline...")
diarization pipeline = Pipeline.from pretrained

config.DIARIZATION MODEL,
use auth token=config.HF TOKEN,
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)

diarization pipeline.to(torch.device (device))

print ("[3/3] 3arpyska Whisper...")

whisper model = whisper.load model (config.WHISPER MODEL,

device=device)

— Koupepraumda B WAV ecnmu HYXHO

tmp wav = None

audio wav = config.AUDIO PATH

1f not config.AUDIO PATH.lower () .endswith(".wav"):

print ("\n[Pre] KouBepraumsa ayomuo B WAV uepez ffmpeg...")

audio wav = convert to wav(config.AUDIO PATH)

tmp wav = audio wav
print (f" Bpemennem ¢amn: {audio wav}")
try:

# — lMar 1: pebepenc

print ("\n[Step 1] V3BrieueHnue osMOepnmHITa pedepeHCHOTO
roJjioca...")

ref emb =
extract reference embedding(config.REFERENCE PATH, encoder,
device)

print (f" Shape: {ref emb.shape}")

# — Mar 2: ovapu3anumns

print ("\n[Step 2] IOuapusaumsa aynomo...")

segments = diarize audio(audio wav, diarization pipeline)

speakers = len(set(s["speaker"] for s in segments))

print (f" {len (segments)} cermeHnToB, {sSpeakers} cnmukepor")

if config.DEBRUG:

save diarization (segments, config.TEMP PATH)
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# — Mar 3: sMbenOMHTU + SCOores

print ("\n[Step 3] BounciaeHue sMOEOOMHTOB CIUKEPOB...")
speaker emb = compute speaker embeddings (
audio wav, segments, encoder, device,
config.MIN SEGMENT DUR,
)

# CumTaem scores OO merge — HYXHEBElI IOJIA [IPOBEPKM MVHMMAJIBHOI'O

nopora
_, scores = filter target segments (
segments, speaker emb, ref emb,
config.THRESHOLD, threshold min=config.THRESHOLD MIN,
)
if config.MERGE SPEAKERS:
print ("\n[Step 3b] CrnmsHue TTOXOXMX CIIMKEPOB
(pMmbenamHTM) ... ")
segments, = merge similar speakers

segments, speaker emb,
merge threshold=config.MERGE THRESHOLD,
ref scores=scores,
threshold min=config.THRESHOLD MIN,
)
speaker emb = compute speaker embeddings (
audio wav, segments, encoder, device,
config.MIN SEGMENT DUR,
)

# —_ Mar 4: [IOMCK LIEJIEBOT'O cnmkepa

print ("\n[Step 4] Iomuck LeJEeBOTO cCIuKepa...")
target segs, scores = filter target segments(

segments, speaker emb, ref emb,
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config.THRESHOLD, threshold min=config.THRESHOLD MIN,

)

print (£"

Cosmasio: {len(target segs)} cermeHTOB")

if config.DEBRUG:

save similarity scores(scores, config.TEMP PATH)

save per speaker audio(audio wav, segments, scores,

config.TEMP PATH)

save target audio (audio wav, target segs,

config.TEMP PATH)

1f not target segs:

print (f"\nCoBnameuwnit Her. Ionpobyh CcHU3UTE THRESHOLD

0.65)")

f" (cenuac {config.THRESHOLD}, HanpmuMep o

return

# e Mlar 5: TPaHCKPUILMS KaHOUIATOB

print ("\n[Step 5] TpaHckpunumus depes Whisper...")

if config.MERGE CONFIRM LLM:

# Tpauckpubupyem BCEX KaHOMIOATOB BHIIE MT0OPOTa

spk_texts: dict[str, str] = {}

for label, sim in sorted(scores.items (), key=lambda x:

label]

{len (spk segs)}

if sim < config.THRESHOLD MIN:
continue

spk _segs = [s for s in segments if s["speaker"] ==
print (£" {label} (sim={sim:.4f}) :

CerMeHToB...")

spk transcribed = transcribe segments (
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audio wav, spk_ segs, whisper model,
config.LANGUAGE,
)
spk_texts[label] = " ".join(s["text"] for s in
spk transcribed)
spk _path = os.path.join(
config.TEMP PATH,
f"transcription {label} sim{sim:.3f}.txt"
)

save result (spk transcribed, spk path)

print (f"\n[Step 6] LLM oObemMHAeT CIMUKEPOB II0 CMEBICIY
({config.LLM MODEL})...")
merged text = merge via llm(
segments, scores, spk texts,
threshold min=config.THRESHOLD MIN,
temp path=config.TEMP_ PATH,
model=config.LLM MODEL,

if config.LLM CORRECT:
print (f"\n[Step 7] HocrobpaboTka TekcTa uepes LLM
({config.LLM MODEL})...")
from postprocess import correct text,
ensure model
ensure model (config.LLM MODEL)
merged text = correct text (merged text,

model=config.LLM MODEL)

os.makedirs (os.path.dirname (config.OUTPUT PATH) or
".", exist ok=True)
with open(config.OUTPUT PATH, "w", encoding="utf-8")
as f:
f.write ("TARGET SPEAKER TRANSCRIPT\n")

f.write("=" * 50 + "\n\n")
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f.write (merged text + "\n")

print (£"\nv CoxpaHeHO: {config.OUTPUT PATH}")

else:
# OOBIUHEIM PEeXVM — TOJIBKO LIeJIEBOM CIMKED
transcribed = transcribe segments (
audio wav, target segs, whisper model,
config.LANGUAGE,
)
transcribed = merge close segments (transcribed,

gap=config.MERGE SEGMENTS GAP)

if config.DEBRUG:
raw path = os.path.join(config.TEMP PATH,
"transcription raw.txt")

save result (transcribed, raw path)

1f config.DEBUG ALL SPEAKERS:
print ("\n[DEBUG] TpaHCKPUIILMI BCeX CIUKEPOB IJig
cpaBHeHUS...")
for label, sim in sorted(scores.items (),
key=lambda x: -x[1]):
if sim < config.THRESHOLD MIN:

continue
spk_segs = [s for S in segments if
s["speaker"] == label]
print (£" {label} (sim={sim:.4f}) :

{len (spk segs)} cermeHTOB...")
spk _transcribed = transcribe segments (
audio wav, spk_segs, whisper model,
config.LANGUAGE,
)
spk _path = os.path.join(
config.TEMP PATH,

f"transcription {label} sim{sim:.3f}.txt"
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)

save result (spk transcribed, spk path)

if config.LLM CORRECT:
print (f"\n[Step 6] MocrobpaboTka TekcTa uepes LLM
({config.LLM MODEL})...")
transcribed = postprocess segments (transcribed,

model=config.LLM MODEL)

save result (transcribed, config.OUTPUT PATH)

finally:
1f tmp wav and os.path.exists (tmp wav) :

os.remove (tmp wav)

" ",

if name == main

main ()
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daiin «config.py»

HacTporkmy nammnjamHa — MeHAM 3I0eCh

REFERENCE PATH =
r"D:/University/Dissertation/TestWork/TestSounds/reference mine.
wav"
AUDIO_ PATH =
r"D:/University/Dissertation/TestWork/TestSounds/A+l0ma CroxHENL.m

4a"

OUTPUT PATH = r"D:/University/Dissertation/TestWork/result.txt"
HF TOKEN = "hf_uhjOLUuRYgiSpfcufKrkeUCsPthRCHAVS"
THRESHOLD = 0.7 # ocHOBHOM mopor cosine similarity (0.0-
1.0)

THRESHOLD MIN = 0.35 # MMHMMAJIBHEIM [OPOT — HIWXE HETO CIUKEP

NTHOPMpPYyEeTCA IIOJIHOCTLBIO

WHISPER MODEL = "medium" # tiny / base / small / medium / large
LANGUAGE = "ru"
MIN SEGMENT DUR = 1.0 # MMHMMAJIbHAd »OJMHa CceIrMeHTa (cek) noiada

BEIUMCJIEHUS sMOennauHTa

ECAPA MODEL = "speechbrain/spkrec-ecapa-voxceleb"
ECAPA SAVEDIR =

r"D:/University/Dissertation/TestWork/models/ecapa"

DIARIZATION MODEL = "pyannote/speaker-diarization-3.1"
SUPPORTED FORMATS = {".wav", ".mp3", ".m4a", ".aac", ".flac",
"-Ogg", ".wma"}

FFMPEG BIN = r"C:\ffmpeg\bin\ffmpeg.exe"
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# — OTnanxka

DEBUG = True # COXpaHATH NPOMEXyTOuHbe Odariau B TEMP (wav-xu,
scores, diarization.json)

TEMP PATH = r"D:/University/Dissertation/TestWork/TEMP"

# — LLM
LLM MODEL = "qwen2.5:7b" # momesr Ollama
MERGE CONFIRM LLM = True # TpaHCckpuOMPOBATL BCEX KAHIUIATOB

u obbemIMHUTL uYepe3 LLM

# (korma True —
DEBUG_ALL SPEAKERS m MERGE SEGMENTS GAP He HYXHE)
LLM CORRECT = True # mocrobpaboTka UMTOTOBOIO TEKCTa

yepes LLM (opdorpadusa, OyHKTyalMs)

# — CnusaHue CIIMKEPOB (pmMbennuuT-based, BrIcTPOE)

MERGE SPEAKERS = True # OOBEIMHATE OUEBUIHO INOXOXMX CIMKEPOB
o sMbenamHITaMm
MERGE THRESHOLD = 0.70 # MMHUMAJIbHBEIM HOPOT Speakerospeaker mia
CIIMSHUSA

# (paboTaeT COBMECTHO C KpPUTEPUEM

B3aMMHOTO OJimxarumero cocena)

# — Tospko Korma MERGE CONFIRM LLM = False

MERGE SEGMENTS GAP = 1.5 # CkJeMBaTb CETMEHTE C mnaysou < N
cexk B OnOuH OJIOK
DEBUG ALL SPEAKERS = False # TpaHCKkpuUOMPOBATE BCEeX KAHIMUIATOB

B TEMP nj4a cpaBHeHUHA

®daiia «audio_utils.py»

mwrww
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BaPpyBKa ayaomnmo cC HO,H,H@p?KKOIZ MHOXeCTBa @)OpMaTOB.

WAV / FLAC — rpysuT torchaudio nanpaaymo.
MP3 / M4A / AAC / OGG / WMA — xoHBepTupyeT uepes ffmpeg CLI (HyXeH
B PATH) .

import pathlib
import subprocess
import tempfile
import os

import torch
import torchaudio

import numpy as np
from config import SUPPORTED FORMATS, FFMPEG BIN
# dopmaTe, koTOphle torchaudio umrTaer Bes ffmpeg

_NATIVE FORMATS = {".wav", ".flac"}

def _load via ffmpeg(path: str, target sr: int) ->
tuple[torch.Tensor, int]:

"""JTexonupyeT oGana uepes ffmpeg CLI, BozBpamaeTr (waveform [1,

N], sxr)."""

cmd = [
FFMPEG BIN, "-hide banner", "-loglevel", "error",
"-i", path,
"-ar", str(target sr),
"-ac", "1",
"—-f", "f321le", # raw 32-bit float, little-endian
"pipe:1",

]

try:

88



proc = subprocess.run (cmd, capture output=True,
check=True)
except FileNotFoundError:
raise RuntimeError (
"ffmpeg He HalOeH. YCTAaHOBM eTo u modasb B PATH:\n"
" https://ffmpeg.org/download.html"
)
except subprocess.CalledProcessError as e:
raise RuntimeError (
f"ffmpeg He CMOT OIeKOOUpOBaThH
'"{path}':\n{e.stderr.decode () }"
)

samples = np.frombuffer (proc.stdout, dtype=np.float32).copy()
waveform = torch.from numpy (samples).unsqueeze(0) # [1, N]

return waveform, target sr

def convert to wav(path: str) -> str:

KouBepTtupyer ayiamodans B BpemeHHEM WAV (16kHz, mono) uepes
ffmpeg.

BosBpamaeT nOyTe K BpEeMeHHOMy OGanyny — yIoajauM ero IocJye
MCIOJIb30BaHNA.

Ecniu d¢ansn yxe WAV — BO3BpallaeT MCXOIHHM NyTh 0e3 KOHBepTaluu.

ext = pathlib.Path (path) .suffix.lower ()

if ext == ".wav":

return path # xoHBepTauusa He HYyXHAa

tmp = tempfile.NamedTemporaryFile (suffix=".wav",

delete=False)
tmp.close ()
cmd = [

FFMPEG BIN, "-hide banner", "-loglevel", "error",
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H_i!l, path,
_arH, "16000", "—ac", "1",

"-y", tmp.name,

try:
subprocess.run(cmd, check=True, capture output=True)

except FileNotFoundError:

raise RuntimeError ("ffmpeg He HammeH. VY0Oemmch, UYUTO

YyCTaHOBJIeH B conda-cpezne.")

except subprocess.CalledProcessError as e:

OH

raise RuntimeError (f" ffmpeg He cMOT KOHBEPTUPORBATH

"{path}':\n{e.stderr.decode () }")

return tmp.name

def load audio (path: str, target sr: int = 16000)
tuple[torch.Tensor, int]:

BarpyxaeT ayamodamny JioboTo MNOIIepXMBaeMoTo dopMaTa.

Bozepamaer (waveform [1, N], sample rate=target sr).

ext = pathlib.Path(path) .suffix.lower ()

if ext not in SUPPORTED FORMATS:

raise ValueError (
f"HenoonomepxuBaemet oopmaT: '{ext}'. "

f"JonyctmMmere: {', '.join(SUPPORTED FORMATS) }"

if ext in NATIVE FORMATS:
waveform, sr = torchaudio.load(path)
if waveform.shape[0] > 1:
waveform = waveform.mean (dim=0, keepdim=True)

if sr != target sr:
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waveform = torchaudio.transforms.Resample (sr,

target sr) (waveform)
return waveform, target sr

else:

return load via ffmpeg(path, target sr)
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daiin «diarization.py»

Iuapusaumsa aynmuo uyepes pyannote.audio

from pyannote.audio.pipelines.utils.hook import ProgressHook

def diarize audio (path: str, pipeline) -> list[dict]:
BanyckaeT IMapmMs3alyio ¥ BO3BpAallaeT CIMCOK CEeTMEHTOB:
[{"start": float, "end": float, "speaker": str}, ...]
with ProgressHook () as hook:

diarization = pipeline (path, hook=hook)

segments = []
for turn, . speaker in

diarization.itertracks(yield label=True):

segments.append ({

"start": turn.start,
"end": turn.end,
"speaker": speaker,

)

return segments
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dai1 «merge_speakers.py»

ObwenauHeHUE CIIVIKEPOB KOTOPEIE OKa3aJIMCb OIOHVM 4YeJIOBEKOM.

Ipa mMeTOna:

1. SMbenmmur-based: nomnapHoe cosine similarity mexmy cnmukepaMmu.

2. LLM-based: ckapmiuBaem LLM Tabauiy (BpemMs + CXOICTBO + TeKCT),
OHa pemaeT KOTO OOBEIMHUTH. XOPOWO JIOBUT CJIydau KOT'IOa OIMH

yeJIoBeK

pa3buiica Ha 2 CcIOMkepa M3-3a [Iay3h MM CMEHBl TOHAaJIbHOCTU.

mwrww

import torch
from transcription import format time

from speaker import cosine similarity

def merge similar speakers(
segments: list[dict],
speaker emb: dict[str, torch.Tensor | None],
merge threshold: float = 0.70,
ref scores: dict[str, float] | None = None,
threshold min: float = 0.0,
) —> tuple[list[dict], dict[str, str]]:
nun
OObeIMHSeT CIMKEPOB MCIOJNb3ys IOBa KPUTEepUsS OIOHOBPEMEHHO:
1. TlonapHaa cosine similarity >= merge threshold
2. BsauMmHBIM OIyxamummi CcoCen — KaxIblM M3 Iapel Haubojee IOXOX
VMMEHHO Ha OpyToTo

(He 3aBMCUT OT KauecTBa pe@epeHca, Xopomo JIOBUT paB@MTHX

CIIMKEPOB)

labels = [1lbl for 1bl, emb in speaker emb.items() if emb is

not None]
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if len(labels) < 2:
return segments, {lbl: 1bl for 1lbl in labels}

# CumTaeM BCe IIOIApPHHE CXONCTBAa
sims: dict[tuplel[str, str], float] = {}
print ("\n— Speaker-to-speaker similarity —")
for 1 in range(len(labels)):
for j in range(i + 1, len(labels)):
a, b = labels[i], labels[7]
sim = cosine similarity(speaker embla],
speaker emb[b])
sims[(a, b)] = sim
sims[ (b, a)] = sim

print (f" {a} o {b}: {sim:.4f}")

# Bawxalnmmi cocel OJiS KaxIoro CcOMKepa
nearest: dict[str, str] = {}
for 1bl in labels:
others = {other: sims|[ (lbl, other)] for other in labels if
other != 1bl}
if others:

nearest[lbl] = max(others, key=others. getitem )

# O6bernmHseM ecynM: B3auMHEE Ojmxanmme cocemu M similarity >=
nopora

# U oba crnuxkepa OpPeoloJieIM MUHUMAJIBLHEINM TOPOT CXOIACTBA C
pedbeperHcoM

groups: list[set] = []

merged pairs: set[frozenset] = set /()

for a in labels:

b = nearest.get(a)

if b and nearest.get(b) == a: # BBaMMHBEIE CcOCeIMn
sim = sims.get ((a, b), 0)
pair = frozenset({a, Db})

# IlpoBepseM MMHMMAJILHEIM IIOPOT C pedepeHcOM g oOoux
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1f ref scores is not None:
score a = ref scores.get(a, 0)
score b = ref scores.get (b, 0)
if score_ a < threshold min or score b <
threshold min:
print (f" X {a} o {b}: nponyckaem "
f"(sim c¢ pedepencom: {score a:.3f} /
{score b:.3f} < {threshold min})")
continue
if sim >= merge threshold and pair not in
merged pairs:
merged pairs.add(pair)
print (£" - MERGE {a} o {b} (sim={sim:.4f},
B3aMMHBIEe OJjimxanumme cocenm) ")
group_a = next((g for g in groups if a in g), None)
group b = next((g for g in groups if b in g), None)
i1f group a and group b:
if group a is not group b:
group a |= group b
groups.remove (group b)
elif group a:
group_a.add (b)
elif group b:
group_b.add(a)
else:

groups.append({a, b})

grouped = {1lbl for g in groups for 1lbl in g}
for 1bl in labels:
if 1bl not in grouped:
groups.append ({1bl})

merge map: dict[str, str] = {}
for group in groups:
canonical = min (group)
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for 1bl in group:

merge map[lbl] = canonical

for seg in segments:
1f seg["speaker"] not in merge map:

merge map[seg["speaker"]] = seg["speaker"]

merged segments = |
{**seg, "speaker": merge map[seg["speaker"]]}

for seg in segments

changed = {old: new for old, new in merge map.items() if old
!'= new}

if changed:

print ("\n O6benuneHo:")

for old, new in changed.items () :

print (£" {old} - {new}™)

else:

print ("\n CInMKepel IOOCTATOUYHO Pa3JIMUHB, OOBEIMHEHHUE He

TpebyeTcsa.")

return merged segments, merge map

def merge via 1lm(
segments: list[dict],
scores: dict[str, float],
speaker texts: dict[str, str],
threshold min: float,
temp path: str,
model: str = "gqwen2.5:7b",

) —> str:

Ormaér LLM TpaHCKPpUIILMM BCeX KaHIumaToB (Beme threshold min) .
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LLM cama oOBeIMHSET TEKCTH OOHOT'O UEJIOBEKAa IO CMBICJTY M BPEMeEeHlV,

BO3BpallaeT OAOMH CBSBHBEIM TEKCT.

CoxpaHseT BxomHoi mnpomnT B TEMP/llm merge input.txt nnsa
OTJIaIKM .

mwmwnw

import os

import ollama

# BpemeHHBIe OMalla30HH CIVMKEPOB
by speaker: dict[str, list[dict]] = {}
for seg in segments:

by speaker.setdefault (seg["speaker"], []).append (seq)

# CTpouMm OJIOKM OJ9 BCEX MNEepPemaHHHX CIUKEPOB
speaker blocks = []
for label in sorted(speaker texts.keys()):
segs = sorted(by speaker.get(label, []), key=lambda x:
x["start"])

if not segs:

continue
t start = format time (segs[0]["start"])
t _end = format time (segs[-1]["end"])
sim = scores.get (label, 0)

speaker blocks.append (
f"[{label}] BpemMa {t start}-{t end}, CXOOCTBO C
pedepercom: {sim:.3f}\n"

f" {speaker texts[label]}"

prompt = (
"Tebe @HDaHBEL TPAHCKPUILMM HECKOJIBKMX CIOMKEPOB M3 OIJHOM

ayouosanmcu. \n"
"IOnsa KaxIoTo yKasaHO: BPEMEeHHOM OMalasoH, CXOIOCTBO IoJjioca

c pebepencuemM, TexkcT.\n\n"
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+ "\n\n".join (speaker blocks)

+ "\n\n"

"Samaua:\n"

"ECIM HEKOTOPHE CIUKEPH SABJIAIOTCH OIHMM UYEJIOBEKOM (TeKCT
JOTMUYeCKM MnpomorkaeTrcs, \n"

"BpeMeHHBle IOMAIla30HE MIOYT IPpYyID 3a JPpyI'oM) — OOBEOMHM UX
peuys B OIMH CBS3HHEINM TekcT.\n"

"ECNIM CIOMKEPH SBHO PAa3HHE JIOOM — BEPHU TOJIBKO Peub TOTO,
ubg BalMcCh I[IOJIHEE U CBA3Hee.\n\n"

"Bepuu TOJIBKO MTOTOBEIM TEKCT, 6e3 T1osSaCHEeHUN, METOK
CIIMKEPOB M KOMMEHTapuen."

)

# CoxpaHsgeM BXOOHHE JaHHele B TEMP Bcerma — MO JIIOOBX MPOBEPOK
os.makedirs (temp path, exist ok=True)
input path = os.path.join(temp path, "llm merge input.txt")

\AJ

with open (input path, "w", encoding="utf-8") as f:
f.write (prompt)

print (f" BxozmnHele maHHee mia LLM — {input path}")

if not speaker blocks:
print ("HeT TexkcTa myjsa oTnpaBku B LLM.")

return ""

print (f" Ornpasnao {len (speaker blocks)} cnmukep (0oB) Ha aHauus
LIM...™)
response = ollama.chat (
model=model,
messages=[{"role": "user", "content": prompt}],

)

result = response["message"] ["content"].strip ()

output path = os.path.join(temp path, "llm merge output.txt")
with open (output path, "w", encoding="utf-8") as f:

f.write (result)
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print (f" OreBer LLM - {output path}")

return result
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daiia «target _speaker extraction.py»
mwww
Target Speaker Extraction Pipeline
MarucTepckas pabdora: PacnoszHaBaHME LEJIEBOT'O TI'0OJIoOCa B YCJOBUAX

IIYMOBEIX IIOMEX

mwrww

import torch

import torchaudio

import whisper

import numpy as np

from pyannote.audio import Pipeline

from speechbrain.inference.speaker import EncoderClassifier

from pyannote.audio.pipelines.utils.hook import ProgressHook

REFERENCE PATH = r"D:/"

AUDIO PATH = r"D:/"

OUTPUT PATH = r"D:/"

HF TOKEN = "TOKEN"

THRESHOLD = 0.7 # mopor similarity (0.0-1.0)
WHISPER MODEL = "medium" # tiny/base/small/medium
LANGUAGE = "ru"

#

# 1. Barpyska ayimuo — 16kHz mono tensor

#

def load audio(path: str, target sr: int = 16000):
waveform, sr = torchaudio.load(path)
if waveform.shape[0] > 1:
waveform = waveform.mean (dim=0, keepdim=True)

if sr != target sr:

waveform torchaudio.transforms.Resample (sr,

target sr) (waveform)
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return waveform, target sr

#

# 2. Speaker embedding m3s pebepencHoTO damia

#

def extract reference embedding (path, encoder, device):

waveform, = load audio (path)
waveform = waveform.to (device)
with torch.no grad():
emb = encoder.encode batch (waveform)

return emb.squeeze ()

#
# 3. Imapmsauusa — KTO T'OBOPMJI KOI'Oa

#

def diarize audio (path, pipeline):

with ProgressHook () as hook:

diarization = pipeline (path, hook=hook)
segments = []
for turn, , speaker

diarization.itertracks(yield label=True) :

segments.append({"start": turn.start, "end":

"speaker": speaker})

return segments

#
# 4. Cosine similarity
#

def cosine similarity(a, b):

a =a / (a.norm() + le-8)
b =Db/ (b.norm() + le-8)
return float (torch.dot (a, b).item())
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i
# 5. CDI/IJ'IpraLU/IFI CeI'MeHTOBR LeJIeBOTI'O CIIMKepa
i

def filter target segments (audio path, segments,

encoder, threshold, device, min dur=1.0):
waveform, sr = load audio(audio path)

waveform = waveform.to (device)

# T'pynnupyem CeTMEeHTH I[I0 CIUKEpPY
by speaker = {}

for seg in segments:

ref emb,

by speaker.setdefault (seg["speaker"], []) .append(seq)

# CumrTaeM oIMH sMOEOIMHI Ha CIMKepa
speaker emb = {}
for label, segs in by speaker.items():
chunks = []
for seg in segs:
s, e = int(seg["start"] * sr), int (seg["end"]
chunk = waveform[:, s:e]
if chunk.shape[l] > int (min dur * sr):
chunks.append (chunk)

if not chunks:

speaker emb[label] = None
continue
combined = torch.cat (chunks, dim=1)

with torch.no grad():
speaker emb[label]

encoder.encode batch (combined) .squeeze ()

# CpaBHUBaeM C pebepeHCOM
matched = []

print ("\n— Similarity scores —")
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for label, emb in speaker emb.items() :
if emb is None:

print (£" {label}: skipped (too short)")

continue
sim = cosine similarity(ref emb, emb)
print (£" {label}: {sim:.4f} {'v MATCH' if sim >=

threshold else '"X'}")
if sim >= threshold:

matched.extend (by speaker[label])

matched.sort (key=lambda x: x["start"])

return matched

#
# 6. TpaHckpunuus uepes Whisper
#
def transcribe segments (audio path, segments, whisper model,
language) :
waveform, sr = load audio(audio path)
results = []

for seg in segments:

s, e = int(seg["start"] * sr), int(seg["end"] * sr)

chunk = waveform[:,
s:e].squeeze () .numpy () .astype (np.float32)

result = whisper model.transcribe (chunk,
language=language, fpl6=False)

text = result["text"].strip /()

if text:

results.append({"start": seg["start"], "end":

seg["end"], "text": text})

return results
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# 7. CoxpaHeHMe pesyJbTaTa

#

def format time (s):

m, S divmod (int (s), 60)
h, m = divmod(m, 60)

return f"{h:02d}:{m:02d}:{s:02d}"

def save result (segments, path):
with open(path, "w", encoding="utf-8") as f:
f.write ("TARGET SPEAKER TRANSCRIPT\n")
f.write("=" * 50 + "\n\n")
for seg in segments:
f.write(f"[{format time (seg['start'])}

{format time(seg['end'])}]\n{seg['text']}\n\n")

print(f"\nJ Saved: {path} ({len (segments)} segments)")

#

# MAIN

#

if name == " main ":

"

device = "cuda" if torch.cuda.is available() else "cpu

print (f"Device: {devicel}l")
print ("\n[1/4] Loading ECAPA-TDNN speaker encoder...")
encoder = EncoderClassifier.from hparams (

source="speechbrain/spkrec-ecapa-voxceleb",

savedir=r"D:/University/Dissertation/TestWork/models/ecapa",

run_opts={"device": device}
)
print ("[2/4] Loading pyannote diarization pipeline...")
diarization pipeline = Pipeline.from pretrained

"pyannote/speaker-diarization-3.1",
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use auth token=HF TOKEN
)

diarization pipeline.to(torch.device (device))

print ("[3/4] Loading Whisper...")
whisper model = whisper.load model (WHISPER MODEL,

device=device)

print ("\n[Step 1] Extracting reference embedding...")
ref emb = extract reference embedding (REFERENCE PATH,
encoder, device)

print (f" Shape: {ref emb.shape}")

print ("\n[Step 2] Diarizing audio...")
segments = diarize audio (AUDIO PATH, diarization pipeline)
print (f" {len(segments)} segments, {len(set(s['speaker'] for

s in segments))} speakers")

print ("\n[Step 3] Matching target speaker...")
target segs = filter target segments (AUDIO PATH, segments,
ref emb, encoder, THRESHOLD, device)

print (f" Matched: {len(target segs)} segments")

if not target segs:
print ("\nNo match. Try lowering THRESHOLD (e.g. 0.65)")
else:
print ("\n[Step 4] Transcribing with Whisper...")
transcribed = transcribe segments (AUDIO PATH,
target segs, whisper model, LANGUAGE)
save result (transcribed, OUTPUT PATH)
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daiin «transcription.py»

TpaHCKPUIILMS CEeTMEeHTOB uepes’ Whisper + coxpaHeHMe pesyJbTaTa

import numpy as np

from audio utils import load audio

def transcribe segments (
audio path: str,
segments: list[dict],
whisper model,
language: str,
) —-> list[dict]:
waveform, sr = load audio (audio_ path)
results = []
for seg in segments:
s, e = int(seg["start"] * sr), int(seg["end"] * sr)
chunk = waveform[:,
s:e].squeeze () .numpy () .astype (np.float32)
result = whisper model.transcribe (chunk,
language=language, fpl6=False)
text = result["text"].strip /()
if text:

results.append ({

"start": seg["start"],
"end": seg["end"],
"text": text,

)

return results

def merge close segments (segments: list[dict], gap: float = 1.5)
-> list[dict]:
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CkJjleMBaeT cocCelHMe CEeIMEHTHl C HaYSOﬁ MeHbIle Jgap CeKyHI B OIMH

BJIOK .

def

def

YMeHbUlaeT OpoBJyieHMe TeKCTa Ha MeJIKMe KYCKM.
mwwan
if not segments:
return []
merged = [dict (segments[0]) ]

for seg in segments[l:]:

if seg["start"] - merged[-1]["end"] <= gap:
merged[-1] ["end"] = seg["end"]
merged[-1] ["text"] = merged[-1]["text"].rstrip() + "

seg["text"].lstrip()
else:
merged.append (dict (seq))

return merged

format time (seconds: float) -> str:

m, s divmod (int (seconds), 60)
h, m = divmod(m, 60)

return £f"{h:02d}:{m:02d}:{s:02d}"

save result (segments: list[dict], path: str) -> None:

# CopTupyeM MO BpeMeHM — TapaHTUPyeT MNPaBUJILHEIN MTOPAOOK MOCJe

CIIVIAHMA CIIMKEePOB

segments = sorted(segments, key=lambda x: x["start"])
with open(path, "w", encoding="utf-8") as f:
f.write ("TARGET SPEAKER TRANSCRIPT\n")
f.write("=" * 50 + "\n\n")
for seg in segments:
f.write(

f"[{format time(seg['start'])} =

{format_time(seg['end'])}]\n"
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f"{seg['text']}\n\n"
)

print (£"\nv Coxpaseno: {path} ({len (segments)} cermeHTOB)")
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®daiin «speaker.py»
Speaker embedding: w3BJeueHMe U CpaBHeHUe C pebepencom (ECAPA-

TDNN)

mwrww

import torch

from audio utils import load audio

def extract reference embedding(path: str, encoder, device: str)
-> torch.Tensor:
waveform, = load audio (path)
waveform = waveform.to (device)
with torch.no grad() :
emb = encoder.encode batch (waveform)

return emb.squeeze ()

def cosine similarity(a: torch.Tensor, b: torch.Tensor) -> float:
a=a / (a.norm() + le-8)
b =Db/ (b.norm() + le-8)
return float (torch.dot (a, b).item())

def compute speaker embeddings (
audio path: str,
segments: list[dict],
encoder,
device: str,
min dur: float = 1.0,
) => dict[str, torch.Tensor | None]:
"""CupyrTaer ooMH SMOENIMHI Ha CIOMKEpa IO BCeM ero cerMmeHram. """

waveform, sr = load audio (audio_ path)

waveform = waveform.to (device)
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by speaker: dict[str, list[dict]] = {}
for seg in segments:

by speaker.setdefault (seg["speaker"], []).append (seq)

speaker emb: dict[str, torch.Tensor | None] = {}
for label, segs in by speaker.items():
chunks = []
for seg in segs:
s, e = int(seg["start"] * sr), int(seg["end"] * sr)
chunk = waveform[:, s:e]
if chunk.shape[l] > int (min dur * sr):
chunks.append (chunk)
if not chunks:
speaker emb[label] = None
continue
combined = torch.cat (chunks, dim=1)
with torch.no grad() :
speaker emb[label]

encoder.encode batch (combined) .squeeze ()

return speaker emb

def filter target segments (
segments: list[dict],
speaker emb: dict[str, torch.Tensor | None],
ref emb: torch.Tensor,
threshold: float,
threshold min: float = 0.35,

) —> tuple[list[dict], dict[str, float]]:
CpaBHUMBaeT 5SMOeINUHTM CIMKEPOB C pebepeHCOM,

BO3BpallaeT CeI'MEHTEBI COBIIaBUINVMX CIIMKEPOB M CJIOBAPbL SCOres.
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by speaker: dict[str, list[dict]] = {}
for seg in segments:

by speaker.setdefault (seg["speaker"], []).append(seq)

scores: dict[str, float] = {}

print ("\n— Similarity scores —")

for label, emb in speaker emb.items() :
if emb is None:

print (£" {label}: skipped (too short)")

continue
sim = cosine similarity(ref emb, emb)
scores[label] = sim
tag = "V MATCH" if sim >= threshold else "X"

print (f" {label}: {sim:.4f} {taglt™)

matched labels = [1lbl for 1lbl, sim in scores.items() if sim >=

threshold]

1f not matched labels:
if scores:
best label = max(scores, key=scores. getitem )
best sim = scores[best label]
if best sim >= threshold min:

print (f"\n HwuxTo He npomén THRESHOLD={threshold}.

f"Bepém JIydmero : {best label}
({best _sim:.4f})")
matched labels = [best label]
else:
print (£"\n Jlyaumt CIUKED ({best label}:

{best sim:.4f}) "

f"Hwxe MyMHMManepHOTO nopora {threshold min}.

CoBnameHum HeT.")

matched: list([dict] = []
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for 1bl in matched labels:
matched.extend (by speaker([lbl])

matched.sort (key=lambda x: x["start"])

return matched, scores
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INPUJIOKEHUE B

[Ipe3entanus
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Pa3spaboTKa cepBumca
pacno3HaBaHMA LUEIeBOro ronoca B
YCNOBUAX LLYMOBbIX MOMEX

ABTOp paboTbl: MarucTpaHT rpynnbl 24BBUM2 lopbyHos H.A.

HayuHblli pykoBoaUTENb: K.T.H. A0LUEHT, BypyKnHa WU.MM.

MeH3a, 2026

Onpoc cayxbbl nccnepgoBaHnii HeadHunter cpeam
paboTalowmx comckatenem

m Pa6ortalo B opuce m Pabotato yaanénHo (dpunanc) m PaGotaio yaanéHHo, 6yayum LTaTHbIM COTPYAHUKOM KOMMNaHU1

Buenom [MEFS 14% 7%

Mpoussoacreo  [E1EA 7% 12%

Hauano kapbepsl, cTyaeHTsl  WEES 8% 13%
YnpaBneHne nepcoHanom, Tperunrn  [rEA 14% 9%
Byxrantepus, ynpaBneH4eckuil y4eT, MHaHCh NPeANPUATUS
Boicwnii MeHeaxmeHT  [IPAS 13% 15%
CrponTensCTBo, HeiBUXUMOCTL AR 1% 18%

AAMMHNCTPATUBHBIA NepcoHan  WARS 7% 12%

Mpopaxn  WAFS 14% 16%

®
*

TpaHcnopr, noructuka AR 12% 18%
WMudopmaumoHHbie TexHonoruu, uHTepHet, tenekom G 10% 22%
[OTa 5Bl 60%

WckycctBo, pa3sneyenns, Macc-Meana  [EGYA 47%

»N
o
*
[}

]

=l A
R

MapkeTuHr, peknama, PR LSS 32% 24%
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2”)

Mpobnema KOKTENNbHOM BEYEPUHKMU

2")

Llenb pabotbi: PazpaboTaTb NporpaMmHbIi cepBuc, obecrneymBatoLlnii pacno3HaBaHme 1
TPaHCKpPMBaLMIO peyn LEeNeBoro roBOPALLEro B YCI0BMAX LLYMOBbIX MOMEX Ha OCHOBE
MeToA0B 6MOMETPUYECKON NAEHTUDMKALUM roNoca U HelpoceTeBol 06paboTKM
aKYCTUYECKUX CUTHA/OB.

[na poCTUXKEHUA LieNIn peLLaloTca cleaylolme 3aaaum:

AHan3 CyLecTByOLWMX METOA0B AMAPU3aLMM, MAEHTUUKALMN TOBOPALLETO M aBTOMATUYECKOro
pacnosHaBaHWA peyn, a TaKKe OLeHKa UX MPUMEHMMOCTU B YCIOBUAX MHOFOrO10CbIX 3anuceit ¢ GoHoBbIMM
LymMamm

PaspaboTKa anroputma naeHTMGMKaLmMm LLeneBoro 4MKTopa no rolocosomy obpasiy Ha OCHOBE CpaBHEHUA
BEKTOPHbIX NPeACTaB/eHUI aKyCTUYECKMX XapaKTePUCTUK FOBOPALLMX

MpoeKTpoBaHUe 1 peannsaLma NPOrpaMmHOro nNanaaiHa, MHTErpUpPYOLWEro aAnapusaLumio,
MAEHTUOUKALMIO LLeIEBOrO rOBOPALLLErO M TPAHCKPUBALIMIO ero peyn B e4uHbIN cepsuc.

3KCI'IepMMEHTa}1bHaF| nposepkKa pa3pa60TaHHoro cepBUCa Ha TeCToBbIX ayaAnM0o3anncax ¢ pas/inyHbIM YUC/IOM
ANKTOPOB U XapaKTepoMm peyn, a Take CpaBHeHUE pe3ynbTaToB C aHA/IOTMYHbIMU AOCTYNMHbIMU
UHCTPYMEHTaMU
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Yacrora (kM)

-20 SP1 SP2 SP3 SP4 SP5 SP4 SP1 SP1 SP2 SP3
5
«
=
=
N |

Knaccunueckme metoabl MOTyT YCTPAHATb TO/IbKO NOCTOAHHbIN Lym

—
— —
3 2 3 4 1 2 3 4 1 2
YactoTa (klu) YacToTa (klu) YactoTa (klu)

CeKTPa/ibHOe BLINUTAHVE: LLYMOBOI (DOH BLINUTAETCS U3 CNEKTPA — OCTAIOTCA TONLKO PeyeBbie FrapMOHKM

Y106b1 HANTU HYXHOTO YenoBeKa B 3aNNCU HYXHbl TPU KNtOYEBbIE BELLN:

1) fonocoBo oTNeYaToK 2) Anapusaums

MHTeHcHBHOCTS (26)

05 10

15
Bpews () Samples <10°
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3) KocrHycHoe cxoacTtso B L

(all = 11510
Llikana cxopmcrea
OpuMH 1 TOT XXe BUKTOp PasHble puKTOPBI
0.87
Mposepka A
SvanoH A 3Tanon A
Mposepka B
0.34 ®
;]
4
[cns(a) =0.87 - v npmmna] [cos(B) =034 > X Orxnounrb]
7

CpaBHeHue mogeneit uapusauum

BxoaHble hainnb!

audio.mp3 + reference.mp3
audio.mp3, reference.wav

- 50.2% b
o E_
=1
g KonBeprauus
©w Mpueeaexune k WAV 16Ky MOHO
@ \ y
=
9
o audio.wav, reference.wav
T 24.0%
(-2
S
LE L5:7 [uapusaums
(=] 9 KTo 1 Koraa rosoput
s 103% g go BeRest
=)
g pyannote/speaker-diarization-3.1
5 N
=

Amazon Azure Google  Google Picovoice pyannote
Enhanced Falcon

NCTOYHMK:
https://github.com/Picovoice/speaker-diarization-benchmark
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diarization.json
{

speaker,
time_start,
time_end

}

1.0

0.5

0.0



CpaBHeHWe mogenei u3BnevYeHUi ro/iocoBbIX OTNEYATKOB

o 3.95%

Equal Error Rate (EER%) — Bepudpukauus aukropa, VoxCelebl (Cleaned)

3.20%

Lpyrue cuctemsi
ECAPA-TDNN (opurumansHas cTaTss)
mmm SpeechBrain ECAPA
mmm SpeechBrain ECAPA — nyywni peayneTar

Jamy.ai, «OpenAl whisper vs Other Open-Sourse Transcription Models»
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diarization.json
{

speaker,
time_start,
time_end

}

3
; 3.10%
’u’: 3.0% - M3eneyeHne ronocoBbIX OTNEYaTKoB
] ANS KaXO0ro roBopsLero n pegepeHca
g SpeechBrain/ECAPA-TDNN
=
é 2.0%
i; embeddings:
EE L18% {SPEAKER_@@: [...],
1 0.87% o :
& 10% 0.81% Py SPEAKER_@1: [...],
. . e
0.0% T T T T T e ST
VoxCeleb2 Kaldi SpeechBrain ResNET-50 ECAPA SpeechBrain SpeechBrain ECAPA
baseline x-vector x-vector+PLDA {opur. craTtes) ECAPA (VoxCeleb1+2)
NCTOYHUK:
Ravanelli et al., «SpeechBrain: A General-Purpose Speech Toolkit»,
https://arxiv.org/pdf/2106.04624 5
CpaBHeHWe mogenei TpaHcKpubauuu
embeddings:
{SPEAKER_@8: [...],
Mogaenb TouHOCTb A3blkoB Tpe6oBaHuA| CKopocTb SPiAK%R—G?; [+veT5
rer: -
K XKenesy
VpeHTUPUKaALMA Lenesoro AuKTopa
Whisper OyeHb BbICOKanA ~99 Bbicokue MepneHHee KOCMHYCHOE CXOACTBO C pedepeHcom
Vosk CpeaHss 20+ Huzkune BbicTpee Uenesoil AUKTOp +
ero cermeHTb WAV
OyeHb 3aBucuT OT
Kaldi Bbicokasn Hactpawsaetca v
BbICOKMUE KOHpuUra TpaHckpu6auun
Whisper
Coqui STT CpeaHe-Bbicokaa | MynbTuAsbIuHbIA | CpegHue YmepeHHas
TekcT TpaHckpubauuu
NCTOYHUK:
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CkopocTs obpaboTki, Tokeros/cek (CPU)

35

CpaBHeHMe OTKpbITbIX LLM mogeneii

B Qvien2.5-78 (eubpakias Mogens) N Liama 3.x
Quen2 5 Mistral
Quen

= DeepSeek-R1

a1%

~8— KauecTeo nocTo6paborkn

o3

TekcT
TpaHckpubauuu

100

(onuuoHansHo)
LLM-nocTo6paboTka
uc npaBneu ne Qllllll60K,

= ‘ NyHKTYyauua
§ OTdopMaTUpOBaHHLINA
60 # TeKkcT
‘ 45 - Pesynbrat
DeepSeek-R1 Uam; 32 wggz 5 o;agn; : ;;s:;a\] Imep?y:ek—l\l l!an;; 31 w?‘a‘z s Q,,!%ns wxea? 5 Deepf::k-bu
11
CpaBHeHue pesysabrata ¢ aHaaoramm
3anuce Hon-Bo XapakTep peun Cocras WER WER WER WER
AMKTOPOB YUYaCTHUMKOB PaspaboTaHHOro Samsung SpeechToText.ru TurboScribe
cepeuca
CunbHoe _
1 2 M+M 31,2% 62.6% 68.8% 12.5%
nepekpbITHe
OpHoBpemeHHan _
2 ) M+ 4,5% 18.2% 40.9% 22.7%
peub
OpnHoBpemeHHas 55,2%
3 2 M + X 27.6% 24.1% 10.3%
pedb 34,5%
MNooyepépHaa peubc| M+M+
4 4 31,3% 31.3% 29.9% 100%
HaI0MeHHeM K+ K
12
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Mpumep pesynbTraTa TPaHCKpPUbaumm

BepHbIii TeKcT —

cepsuc

Samsung

Pa3pa6oTaHHbiii —-_
Bcem npuser. MeH 308y Hukwta

SpeechToText

TurboScribe — & Heii a gonwen [IGHRNGATE

Y10 caenaHo:
* [lpoBeAEH aHaIN3 CYLLECTBYHOLWMX METOA0B AMapuU3aLmMn U Ppacno3HaBaHMA peyn
* PaspaboTaH anropmutm naeHTUPUKaLum LeneBoro AMKTopa no ronocosomy obpasuy

* Peann30BaH NalnialiH: KOHBEPTaUMA - ANapu3aLma - OTNeYaTKM - nAeHTUdUKaumua —
TpaHCKpunuma

* [IpoBeaeHO TeCTMpPOBAHME HA PeasibHbIX 3aNUCAX U CpaBHEHME ¢ 3 aHaoramm

PesynbTaTtbl:

* Lleneson ANKTOp HalleH BEPHO BO BCEX 3aMMUCAX
* Jlyqwnin WER: 4,5% - meHblLUe YeM y aHa0ros

* bonee ctabunbHaAa paboTa cpeam aHanoros

* BO3MOXHOCTb y/y4LLEHMA OTAE/IbHbIX MOAYNEN

* Ony6/1vKoBaHa cTaTbs Ha TeMy «[010coBble IMOEHANHTU AN NAEHTUDUKALMM SUKTOPOBY
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