WavTokenizer: an Efficient Acoustic Discrete Codec
Tokenizer for Audio Language Modeling
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Figure 1: The Mini-Omni model architecture.
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Figure 2: Order of token prediction for 4 representative methods in audio generation (Copet et al.,
2023) and the proposed multi-scale Transformer. Assume n, = 3 and 7' = 3. Current token
prediction (red) is conditioned on prior tokens (in green). Tokens in orange are concurrently predicted
with the current token. 0 is a special token indicating empty positions in the delay prediction.
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Table 8: The ablation study investigates the impact of dataset size on codebook utilization.

Model Dataset Codebooks Utilization rate UTMOS T PESQ1T STOIT

WavTokenizer 585 Hours 16384 27% 3.9989 2.3600 0.8129
WavTokenmizer 4000 Hours 16384 26.5% 3.9465 2.3721 0.8217
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Table 6: Impact of the contextual modeling

— window size.
A Model Codebooks windows UTMOST PESQ1T STOI7
WavTokenizer 4096 1 3.7448 2.0112 0.8944
| COnv$Block J EED WavTokenizer 4096 3 40486 23730 09139
WavTokenizer 4096 5 4.0448 2.3556 0.9127
sv ) y
: f
[ CO""*B'OCK ) vector quantization [ convNextBlocks |
* [ Attention Block ]
ConvBlock | F
[ Convlg Layer ) [ conviD Layer | Tal?le 7 Ablation on the multi-scale STFT‘ discriminator' (MSTFTD),‘ the atention module, and
switching from our improved decoder to a mirror decoder, in WavTokenizer.
e * Model UTMOST PESQT STOIT V/UVFI®
(‘!» Encoder Decoder -
WavTokenizer 4.0486 23730  0.9139 0.9382
w/ mirror decoder 2.7782 1.5007 0.8249 0.8820

w/o attention module 3.6020 1.9332 0.8734 0.9067
w/o MSTFTD 3.7806 2.1270  0.9008 0.9269
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Table 1: Objective reconstruction results of different codec models on LibriTTS fest-clean (clean
environment), LibriTTS fest-other (noisy environment), and LJSpeech dataset (out-of-domain
environment). Nq denotes the number of quantizers. GT denotes ground truth waveforms. Best

Table 2: The subjective reconstruction results using MUSHRA (comparative scoring of samples)
of codec models on speech, music and audio domains. Nq denotes the number of quantizers.

results from models with a single quantizer (hence directly comparable to WavTokenizer) are in bold. Model Bandwidth | Nq | token/s | LibriTTS test-clean T MusicDB T  Audioset T
Dataset Model | Bandwidth | Nq| token/s| | UTMOS1 PESQ?1 STOIt V/UVFL?1 GT - - - 96.4+1.2 95.3+1.7 95.8+2.1
GT - - - 4.0562 - : : DAC 9.0kpbs 9 900 92.8+1.8 92.6+2.4 92.7+1.5
DAC 9.0kpbs 9 900 3.9097 3.9082  0.9699 0.9781 Encodec 6.0kbps 8 600 78.6+1.9 76.9+1.6 81.2+1.8
Encodec 6.0kbps 8 600 3.0399 27202 0.9391 0.9527
Vocos aokbgs 8 600 3.6954 28069 09426 09437 W .Il? ?(C : (])gtlgps : 17050 Sﬁiﬁ; ;;gigi gﬁiiz
SpeechTokenizer |  6.0kpbs 8 600 38794 26121 09165  0.9495 SRRt SRR 2 afeain MRy
DAC 4.0kbps 4 400 34329 27378 09280 09572
LibriTTS test-clean |  HiFi-Codec 3.0kbps 4 400 37529 29611 0.9405 0.9617
HiFi-Codec 4.0kbps 4 300 3.9035 30116 09446 09576
Encodec 3.0kbps 4 300 23070 20517 0.9007 0.9198
Vocos 3.0kbps 4 300 3.5390 24026  0.9231 0.9358 Table 3: The semantic representatlon (speech, music, audio) evaluation of different codec models
SpeechTokenizer | _°3.0kbps 4 300 35632 L9311l 08778 09273 on ARCH Benchmark in terms of classification accuracy. Nq represents the number of quantizers.
DAC . I‘Okbps 1 100 1.4940 1.2464 0.7706 0.7941 Model Nq | tokenfs | RAVDESS1 SLURP!T EMOVO®T AM1T FMAT MTT? IRMAS® MS-DB1 ESC50° USSK1 FSDSOK1 VIVAE®
Wey Taxenuecs Jkbps - S 0019 el bsols OR17 DAC 9 900 0.3750 0.0779 02363 06926 03504 02805 04023 06014 02594 04032 01297 0340
WavTokenizer 0.9kbps 1 75 4.0486 23730 0.9139 0.9382 Encodec 3 600 0.2881 0.0636 02261 04388 02790 0.1993 03671 03917 01925 03055 01091 0.3005
DAC | 400 0.3194 0.0782 0.2346 0.6838 03379 0.2784 0.3833 0.5942 02580 03824 0.1293 0.3342
GT z = z 3.4831 5 z = Encodec ! 300 02951 00660 02193 04301 02728 01934 03684 03656 0179 03097 01099 02710
DAC 9.0kpbs 9 900 3.3566 3.7595  0.9576 0.9696 Encodec 2 150 02743 00627 02193 03680 02816 0.1900 03704 03245 01699 02960 01065  0.2630
Encodec 6.0kbps 8 600 2.6568 2.6818  0.9241 0.9338 DAC 1 100 0.2500 0.0713 02278 06287 03304 02502 03572 03137 02065 03350 01205 02991
Vocos 6.0kbp§ 8 600 3.1956 2.5590 0.9209 0.9202 WavTokenizer I 75 0.3255 0.0802 0.3163 0.6957 03417 0.2835 04117 0.5764 02550 0.3975 0.1392 0.3563
SpeechTokenizer |  6.0kpbs 8 600 3.2851 23269  0.8811 0.9205
DAC 4.0kbps 4 400 29448 25948  0.9083 0.9404
v 2 HiFi-Codec 4.0kbps 4 400 30750 25536 09126 0.9387 . .
LibriTTS test-other | e - oe 3.0ka$ 4 300 33034 26083 09166 0.9318 Table 4: The subjective evaluations of various acoustic codec models for downstream speech
Encodec 3.0kbps 4 300 2.0883 2.0520  0.8835 0.8926 synthesis models. GT denotes ground truth waveforms.
Vocos 3.0kbps 4 300 3.0558 2.1933 0.8967 0.9051 Model Bandwidth | Ngq| CMOS-Qf CMOS-PT
SpeechTokenizer 3.0kbps 4 300 3.0183 1.7373  0.8371 0.8907 GT - - 0.3 036
DAC 1.0kbps 1 100 1.4986 1.2454 07505 07775 : :
WavTokenizer 0.5kbps 1 40 30545 16622 08336  0.8953 DAC 9.0kbps 9 -0.35 -0.29
WavTokenizer 0.9kbps 1 75 3.4312 22614  0.8907 0.9172 WavTokenizer 0.9kbps 1 0.00 0.00
GT - - E 4.3794 g E 2
DAC 9.0kpbs 9 900 4.3007 3.9022 09733 0.9757 Decoder-onty Transformer
Encodec 6.0kbps 8 600 32286 26633 09441 0.9555 ony ra
Vocos 6.0kbps 8 600 40332 29258  0.9497 0.9459
SpeechTokenizer 6.0kpbs 8 600 4.2373 26413 09316 0.9452
DAC 4.0kbps 4 400 38109 27616  0.9338 0.9524
LiSpeect HiFi-Codec 4.0kbps 4 400 41656 27629 09446 09497
LAl HiFi-Codec 3.0kbps 4 300 42692 29091 09485  0.9469 Transcript text ;
Encodec 3.0kbps 4 300 23905 20194 09058 09326 “.mmmmw'—»ﬂ.—- | RvQ
Vocos 3.0kbps 4 300 3.7880  2.5006 09310  0.9388 e bt s 0 ot , " BB Decoder
SpeechTokenizer 3.0kbps Bl 300 3.9908 2.0458  0.9021 0.9299 Pre-pend i3 ;
DAC 1.0kbps 1 100 1.4438 1.2084 07822  0.8095 fext tokens n
WavTokenizer 0.5kbps 1 40 4.0186 21142 09093 0.9406 c
WavTokenizer 0.9kbps 1 75 4.2580 24923 09312 0.9397
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