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FXHZ

This thesis investigates the generation and detection of partially spoofed audio. We
propose VoiceNoNG, a non-autoregressive speech editing model based on flow matching.
VoiceNoNG leverages pre-quantization representations extracted from a neural codec, De-
script Audio Codec, as tokenized representations and is conditioned on both the transcript
and surrounding audio context, enabling high-quality and low-latency speech infilling.
Built on VoiceNoNG, we further construct the Speech Infilling Edit dataset, which over-
comes the signal discontinuity at spoofed segment boundaries caused by the cut-and-paste
process in the traditional Half-Truth Dataset, thereby providing a more realistic benchmark

for evaluating partially spoofed audio detection.

In generation experiments, VoiceNoNG outperforms existing flow-matching and au-
toregressive models across multiple evaluation metrics, including word error rate, signal-
to-noise distortion ratio, and subjective listening tests. In detection experiments, we eval-

uate four state-of-the-art anti-spoofing detectors under multiple scenarios (real-infill, real-
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paste, resynthesis-infill), as well as cross-scenario and cross-generator (VoiceCraft) set-

tings. Results confirm that discontinuity at spoofed segment boundaries-and differences

in codec processing are critical cues that lead detectors to rely on shortcut learning. Only

detectors trained in the “resynthesis-infill” scenario—where all frames uniformly undergo

the neural codec—can truly focus on the intrinsic features of spoofed segments. Cross-

generator experiments further demonstrate that existing anti-spoofing detectors still strug-

gle to generalize under mismatches in synthesis algorithm and codec processing between

training and test data.

Keywords: Partially Spoofed Audio, Flow Matching, Neural Codec, Speech Editing, Spoof

Detection
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o T e A - fAE () KfEF dk~ 4 (Ordinary Differential
Equation) 12 S22 « Ao A HPERF HF [0,1] F o0& - B 58k - B
PR g e £ 5
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w(zy) = —x9, = (1—1t)T0+1tX

THRALHAI S » - Fd B o Lo B BAEF - BEFARFEEYT =
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&% N 4354 (Learnable Lookup Table) # 3| % % i » v & 2o © 5% 0
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VoiceBox &g im T feie (7L (74 & > AZH A FHEIFTF Y ED AP
wEFHCA] 10~20 B4 X axd o a0 F RiBES £ RES AT BRER

E“%*“,%’Ebﬁﬁ?'ﬁ‘q o R FA&7F = (1) VoiceBox ¢ * & % § ok #

e LibriLight [34] 7 B2 F R R > 42 2 5t ehdkF 3-8 7 (2) VoiceBox $ *

HEHT BT S ES A BHNFEE 2 A g Hm F HIF-GAN [35] £

She
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FPEFHRIEHSAHRDPERF > B FENREY £ N [
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( Automatic Speech Recognition) % 34 St4~f5 > S /G A 1 2L g #
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RIFEF AL 5 > d 2 VoiceCraft ¥ 26 730> ¥ 1 wiFd iz A
o 7 fe e VoiceBox  VoiceNoNG # X 7 |+ > x4 * VoiceCraft B 4 > 2 7
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VoiceCraft %§Eis 3% 5 0 " 2§ %iEFT # & | (RealEdit Dataset) & {7 7=p] >
Fehen TFEM 2 HIETHEE - TEF RETHE | £ 8310 254 1%
FORERA S R TRAKES C R IHREHEC IR/ TREFFEL
FE~FR oW o 2T A 4 d 100 2 LibriTTS [40] 35§ ~ 100 ‘= YouTube 3% 5 [39]
% 110 % Spotify #5 % 5 B [41] 2= > 73 2 FfHpod #3835 K %hilggir
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3.0 LR SRR B A
Wi R S R 152 F f

# ‘J“,ﬁ% 1 wrote the title of the course [ wrote the title when I created this
many years ago, ah, when I cre- course.
ated this course.

&~ And we’re at this point. And we’re all extremely excited
at this point.

HF¥# -~ F4#  See why it’s extremely valuable See why it’s extremely important
to it’s kind of like having a wall right? it’s kind of like having a
hack to watch a demo. rough time to watch a demo.

BT ok A %’"ﬁ d 27 VoiceBox % VoiceCraft (vt i » kK 3= i3 #r3% 41 e
VoiceNONG 3% & S%iEfcA) 2 it 4 > doh $Fu:ap #04) 288 < | PIFEX 5 330M o
Aot g B fE VoiceCraft #3] (4 % % 330M £ 880M - dc &4 ) 12 A4

VoiceBox fi%] (4 ] & LibriLight 2 GigaSpeech * 2"t ) o

34 FTREXR

341 FRABERE

FERHFFITRYIEEILF S HIE AL ERERY FHEF LS
R hd gtk o £ 32700 A * Whisper-large-v3 [42] 1% & p $3F § R

o LS AIES 2 e TR RGBT S | RS c 3BT S B

do ko Ton 0 AT RN T feh S 2 398 F |t VoiceCraft 0 iz - B % &
VoiceCraft i3 v ¥ cFp4p 4 o A 4224152 VoiceCraft 2 Flix 34 =¥ @ 11
i 5e FARM B IR R F 345 F 7 R~ 44T e gt o # VoiceBox 73
R R A B kg ohLibriLight  # 5 & F % 5 # o GigaSpeech & > #77
RRET PHEF 5T A AR DOT E - A G 245 B DAC # 5 4h
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2 3.2 FEHEFET LF R wEEE R

F s | (%)

A LibriTTS  YouTube Spotify I 3a
ST 3F 5 1.84 6.13 5.87 4.65
VoiceCraft (330M) 3.72(0.13) 7.41(0.38) 4.63 (0.14) 5.23 (0.16)
VoiceCraft (830M) 3.77(0.41) 7.36(0.35) 5.43(0.33) 5.52(0.19)

VoiceBox (LibriLight)  3.64 (0.19) 6.26 (0.19) 5.45(0.19) 5.13 (0.08)
VoiceBox (GigaSpeech) 3.48 (0.16) 6.03 (0.16) 5.36(0.13) 4.97 (0.12)

VoiceNoNG 2.82(0.20) 5.84(0.21) 4.92(0.21) 4.54 (0.14)
FERE S & 2.94(0.23) 5.81(0.18) 5.07(0.13) 4.62(0.09)
A EY 3.16 (0.19) 5.59 (0.24) 5.38(0.22) 4.73 (0.18)

342 AFEXAW

FTERERAIFINAET AP HEY B E LR Ak L E
(SI-SDR) [43] 2= 2 o £33 % 5|07 444 7 FEAl b 2k Bt h
#ico 2% A7 o LibriTTS B 4535 3 2iwk 4 E 1§ 3t YouTube 22 Spotify » it & p
A Eard F F AT B Beng o B2 & YouTube # Spotify + o k4 Bt

LY SRS SN R E S O S S Y T S

% LibriTTS F 4L+ » VoiceNoNG chit s 2 14 B 4 5 F > ke pbiT R40iE 3 o
@ VoiceBox (GigaSpeech) =4 #icd i > ¥ iy >N H ik i H #cix f AR 3 B 2 £55
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|;7 \,{NI’ %Vﬁ"-}\ﬁ L‘g"’l’ﬁ'—r“%

B oLk 2
(&8 4 M

SESIEVE ST ENE TS E5 T 2

- P% » VoiceBox (GigaSpeech) 2 VoiceNoNG

B A2 PERAF T RTAGEE P 9 RESE- HHRE FRE
tm AT BEAALPEE B I FL RG> AEEFF TR 5 iR
%‘L{A o
F 330 kA Bt 25 BIERCT) S R
B
il LibriTTS YouTube Spotify I a9
SadBAE R 23.94 19.55 19.22 20.85
VoiceCraft (330M) 22.22(0.08) 19.97 (0.08) 20.15(0.16) 20.76 (0.04)
VoiceCraft (830M) 22.53(0.07) 20.04 (0.06) 20.26 (0.13) 20.92 (0.08)
VoiceBox (LibriLight) 19.49 (0.13) 17.96 (0.16) 16.32(0.10) 17.88 (0.03)
VoiceBox (GigaSpeech) 18.10(0.41) 16.86(0.32) 15.83(0.17) 16.90 (0.20)
VoiceNoNG 23.15(0.09) 19.29 (0.05) 19.04 (0.08) 20.44 (0.05)
F I ’@’#ﬁ% 23.36 (0.09) 19.30(0.05) 18.98 (0.06) 20.50 (0.04)
Ea LR 20.80 (0.26) 18.28 (0.11) 17.81(0.10) 18.93 (0.05)
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24

doi:10.6342/NTU202501466


http://dx.doi.org/10.6342/NTU202501466

N

£

RS

R
+®

o

—N

%
&

—

Ap) BT REE T AR RRNE LA TS

Instructions

Some of the speeches you will listen to may have been partially edited. Your task is to
assess the naturalness of the speech focusing solely on the speaker and background
audio coherence, prosody, emotion, and speech rate. Some of the audio may come from
internet videos and have background noise. Please ignore the noise, grammar, semantics,
or other linguistic factors in your evaluation.

Please rate each audio's naturalness (i.e., human-sounding) independently from 1-5. 1 is
least natural, and 5 is most natural.

Please use a headset to listen and adjust the volume level to your comfort. Each audio
should only be replayed at most twice.

Rate the naturalness from 1 (bad) to 5 (excellent) ?

1 2 3 4 5
(Bad) (Poor) (Fair) (Good) (Excellent)

W 3.0 S FRlsE g £

EHUEHFFH

JBRIAFES  VoiceNoNG VoiceCraft VoiceBox VoiceNoNG
BILEERR

B 3.2 B ELIRIGE A H

3.44 ZLATH A

S Ip PR I A T R enipd s AP Aies A i vk R
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3.4.5 VoiceCraft 852188 %

a2 @ 4y d) VoiceCraft € H IR I~ )35 5 WAl eh = LR AL Bldod ¢ 2
FEEOFHRFREER ABF EHFEIRE TR F DR
VoiceCraft &3 #4525t ehd o £ 348 L 35007 F 73 BEROF @ A
#5)— 7 > VoiceCraft i 2 & 7 & @2 “from the bank for the bail” 8 B

£

A SR E P 4 5 48~ “we are denounced as gooders” F ¥ BiR o
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# 3.4: VoiceCraft ** £ 3R % 4 & -

Whisper-large-v3 355 #F# & £

B X F4%%: “promise that you will not ask me to borrow any money from the bank
for the bail of you for mister van brandt she rejoined and i accept your
help gratefully”

VoiceCraft:  ’promise that you will not ask me to borrow any money -from the bank
for the bail of you -for +from mister van -brandt she +branch you re-
joined and i accept your help gratefully”

VoiceNoNG: promise that you will not ask me to borrow any money from the bank
for the -bail +money of you for mister van -brandt +brant she rejoined
and 1 +will accept your help gratefully”

# 3.5: VoiceCraft % 5 3 % & & =

Whisper-large-v3 355 #F% & %

BREXF45:  “yet anytime you and i question the schemes of the dogooders or dare
to dig into any of their motives were denounced as being against their
humanitarian goals they say we are always against things we are never
for anything”

VoiceCraft: “yet anytime you and i question the schemes of the -dogooders +dog
or dare to dig into any of their motives -were +we are denounced as
gooders we are denounced as being against their humanitarian goals
they say we are always against things we are never for anything”

VoiceNoNG:  “yet anytime you and i question the schemes of the -dogooders +dog
eaters or dare to dig into any of their -motives were +we are denounced
as being against their humanitarian goals they say we are always against
things -we are +were never for anything +and”

3.4.6 9B EEFTHAL

AP R ES MRS 2 A S BB E S R RS T AR
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