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Figure 1. SoundStorm architecture and masking scheme for training (without prompting). The model reduces the input sequence length
by summing up the embeddings of the tokens corresponding to the same SoundStream frame. During training, an RVQ level g is sampled
(g = 2 out of Q = 3 levels in the figure), and a subset of randomly sampled tokens at level g are masked together with all tokens at RVQ
levels ¢+ 1,...,Q. The loss is computed only on the masked tokens at level g.
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 Sample the prompt delimiter timestep t ~ U{0, T—1};

 Sample the current RVQ level g ~ U{1,Q};

« Sample the mask M € {0,1}* according to a cosine
schedule (Chang et al., 2022) for level g, i.e., sample
the masking ratio p = cos(u) where u ~ U[0, /2],
and sample iid M; ~ Bernoulli(p).

e Mask the selected non-prompt tokens at the current
RVQ level g (mask Yy , if My = 1 and ¢’ > ¢t) and all
non-prompt tokens at finer RVQ levels (Y~ ).
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Table 1. Comparing intelligibility, quality, voice preservation, and acoustic consistency of AudioLM’s acoustic generator and SoundStorm.
‘We report metric values for the ‘short’ (4-10 s), ‘mid’ (10-20 s), and ‘long’ (20-30 s) splits of LibriSpeech test-clean separately.
SoundStorm matches AudioLM’s acoustic generator in terms of audio quality, and outperforms it in terms of speech intelligibility and
acoustic consistency.

Audio Voice Acoustic
WER| CER| ql.l:‘).lityT preservation consistency
short mid long short mid long short mid long short mid long short mid long
Original 262 195 220 0.89 055 069 372 391 399 063 065 066 097 095 0.93
SoundStream rec.

Without a speaker prompt
AudioLM 465 3.59 479 215 157 230 3.93 404 4.08 — - — - - —
SoundStorm 348 255 333 139 089 129 401 416 420 — - - - — —
With a speaker prompt

AudioLM 3.77 340 3.75 1.50 147 154 391 406 410 046 048 048 096 091 0.86
SoundStorm 299 243 336 110 081 124 381 405 415 057 059 059 096 094 091
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Figure 2. Acoustic consistency between the prompt and the gen-
erated audio for the samples in the ‘long’ split of LibriSpeech
test-clean. The shaded area represents the inter-quartile range.
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Figure 3. Runtimes of SoundStream decoding, SoundStorm and
different stages of AudioLM on a TPU-v4.
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Figure 4. Audio quality with respect to the number of decoding
iterations in the first RVQ level.
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