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Detecting deepfake speech with naked eyes by using time-frequency analysis
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CosyVoice2: hitps://github.com/FunAudiol LM/CosyVoice \ vocoder/
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https://github.com/FunAudioLLM/CosyVoice

Deepfake TTSEHN4E

coqui/XTTS-v2: https://github.com/coqui-ai/TTS
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Figure 1: XTTS training architecture overview.
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https://github.com/coqui-ai/TTS

Comparion: training objective

CosyVoice2 XTTS v2

before decoding Mel-spectrogram discrete tokens

after decoding Waveform (Signal) Waveform (Signal)




Mel-spectrumgram 43

A type of lossy compression

A time-frequency analysis pipeline

The process requires calculating the STFT.
Often used in speech audio

Parameter chosen according to the perception of sound of human



Mel-spectrumgram - a bit of Math....

step1: Pre-emphasis(optional)
x'[n] = x[n] - a- x[n-1]

a = 0.97 for 16k audio (chosen)

step2: STFT

——1 lossy!!
PIm,k] = |STFT(X'[n]) |4

M: #& 4 fframe2q

H: frame hop (512)



Mel-spectrumgram - a bit of Math....

step3: ifiBMel-filterbank
Smlf] = Hy[k] - PImK]
k

/=128

step4: Bllog

D[m, (] = 10log,,(max(S[m, £, ¢€))

e=107"°, to avoid 0 for log

0.0030

0.0025 -

0.0020 |

0.0015

0.0010

0.0005 |

0.0000
0

Hy[k]

50 100 150 200 250

300



Mel-spectrumgram - a bit of Math....

Look deeper into Step 1
Pre-emphasis

X' [n] = X[n] - a- x[n-1]

for Sampling rate =16k, a=0.97

100 Hz:-26.21 dB
300 Hz:-18.43 dB
1kHz :-8.28 dB
2kHz :-2.45dB
3 kHz :+0.79 dB
4 kHz :+2.88 dB
8 kHz :+5.89 dB

cutoff: }8¥t DC %45 FF 3 dB
f=77.6 Hz

AER=
ZMARERVSEEER (Spectral Tilt):
slope: -12 dB/octave

RHE 5144 fE (Lip Radiation):
slope: +6 dB/octave

a=0.97
slope: +6 dB/octave

-12+6+6=0
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FAMel-spectrumgram 547

+0dB

Mel-spectrogram: speakerl_24k.wav
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Mel-spectrogram: Cosy_zh2_0.wav
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FAMel-spectrumgram 547

+0dB

Mel-spectrogram: speakerl_24k.wav
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FAMel-spectrumgram 547

model output: t

model output: Mel
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LLMFAIMel-spectrumgram 534t

ChatGPT 5.2 thinking and Gemini 3-pro:

+0dB

Mel-spectrogram: speakerl_24k.wav
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:ZLLMAMel-spectrumgram 4347

ChatGPT 5.2 thinking and Gemini 3-pro:

— - -—‘,;——’4:
~ Mgiemal ctrogran i 1 | Mel-spectrogram: speakerl_24k.wav
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FAMel-spectrumgram 4347

#iH training objective 7E Mel £ th B A H BABE P&

A RE R T IR A -

Deepfake & = KNE2F

Al RE LR -

Mel-spectrumgramEfiz X %

Signal with N points ( N/2 {Efrequency )

[N/2, N] =>[128, N/512] (128 is the channel number of Mel filterbank)

too lossy !



FASTFTH#f
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Frequency (Hz)

FASTFT#

STFT Spectrogram (Linear/dB): Cosy_zh1_0.wav

STFT Spectrogram (Linear/dB): speakerl_24k.wav STFT Spectrogram (Linear/dB): xttsl.wav
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FASTFT#

STFT Spectrogram (Lineas STFT Spectrogram (Linear/dB): speakerl_24k.wav

STFT Spectrogram
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FELLMASTFT 9%

ChatGPT 5.2 thinking and Gemini 3-pro:

STFT Spectrogram (Lineasgit i "A-i Serrey STFT Spectrogram (Linear/dB): speakerl_24k.wav STFT Spectrogram
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FELLMASTFT 9%

ChatGPT 5.2 th/nk/ng and Gemini 3-pro:

STFT Spectrogram (Linea

13000 STFT Spectrogram (Linear/dB): speakerl_24k.wav STFT Spectrogram (Lin
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FASTFTH#f

LLME R 2R 5 iR

AIRERTIREA:

Vocoder/ Decoderft X 4 ik B

Upsampling Stride;2 & #1F => F3%:&2#&koverlappe
Vocoder output REAR => EFFNSHEAERK

ANE A S AR => Bt Rz A L
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FAWDF % #1

Wigner-Ville (Magnitude/dB, peak=0 dB): audiol_24k.wav Wigner-Ville (Magnitude/dB, peak=0 dB): Cos
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ChatGPT 5.2 thinking and Gemini 3-pro:

Wigner-Ville (Magnitude/dB, peak=0 dB): audiol_24k.wav Wigner-Ville (Magnitude/dB, peak=0 dB): Cosy_zh
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:ZLLMFAWDF 524

ChatGPT 5.2 thinking and Gemini 3-pro:

Wigner-Ville (Magnitude/dB, peak=0 dB): audiol_24k.wav Wigner-Ville (Magnitude/dB, peak=0 dB): Cos

Wigner-Ville (Magnitude/dBgog
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FAWDF % #1

RAIRERL TR EAL:

Deepfake ™ S KNE2F

AIRER R A

BITEXRS >R EM

EHERE => TRAAXELETALANERS
cross-terms => UREE

RELZRE A Zphase



Z | LMAWDF phase&#f

ChatGPT 5.2 thinking
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IHibert-Huang Transform 4 #r
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Frequency (Hz)

IHibert-Huang Transform %

Hilbert-Huang Spectrum (Smoothed): speakerl_24k.wav Hilbert-Huang Spectrum (Smoothed): Cosy_zh2_0.wav
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Frequency (Hz)

iZ| LMAWDF phase%®

ChatGPT 5.2 thinking

Hilbert-Huang Spectrum (Smoothed): speakerl_24k.wav Hilbert-Huang Spectrum (Smoothed): Cosy_zh2_0.wav
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Frequency (Hz)

iZ| LMAFWDF phase

ChatGPT 5.2 thinking

Hilbert-Huang Spectrum (Smoothed): speakerl_24k.wav Hilbert-Huang Spectrum (Smoothed): Cosy_zh2_0.wav
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IHibert Huang Transform43#

A] BB S U AL -
EEASR R RIMFRIFEE => over analyse

source/ config sensible



Lo
e Deepfake TTS quality: Cosyvoice2 >>> XTTS v2
o 1%AIAEK: STFT >> Mel = WDF > Hibert-Huang
o MelAEDERINEEEfeature => [BRHEAN 2 A~ Fll 158
o EHTHREEFEE



Disclaimer:

ERPEULVERARERE, EREETETATESHITES

BEEfcode




