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= Datasets and pre-processing

» Datasets

e Strictly adhere to the competition requirements.
* Following the LRAC baseline system.

» Training data processing methods

¢ Unifying duration.

* Pitch shifting.

Adding noise or reverberation.

Adding simultaneous speakers.

* Training target: raw signal for Track 1, clean signal for Track 2.

Clean Noisy Reverb Simultaneous
Talkers
Track 1 8 5 5 2
Track 2 1 4 4 0

Weights of speech types in different tracks
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= Model Structure

* End-to-end, asymmetric encoder—RVQ-decoder architecture

* 24 kHz mono waveform input with 20 ms frame size
* STFT magnitude and phase coefficients output
Input: [1 ;]\T\

h 4

e

SnakeBeta(N)

.

¥

Conv1D(k=3, n=2N,
group=4, dilation)

-
SnakeBeta(2N)

) )

Conv1D(k=1, n=N,

[ ConvID(k=7, n=12) ]

ConvID(k=3,

Encoder

!

! Quantizer

n=256)

group=4)

\
—3

ResidualUnit

Encoder

P

[ ConvlD

1]
]
Y

8 [ Conv2FormerBlock ]

Ir X
| |

ConvlD ]

output: [1, T]

Schematic diagram of the model architecture

Decoder



ByteDance
ey b o

F TIBI]

= Model Structure

» Encoder

¢ An initial 1D convolution layer with kernel size 7 processes the input.
* Four encoding modules with strides [3, 4, 5, 8] to downsample features.

* Significant structural improvements:

o Modified residual units use Conv1D for feature expansion and

contraction.

o Using SnakeBeta(x) = x + (1/p)-sin?(ax), replacing the Snake

activation used in DAC.

» RVQ module

* DAC-style residual vector quantization design.

* 12 codebook layers are used, each with 1024 entries and dimension 8.

* Multi-bitrate support within a single codebook:
o For the 1 kbps mode, only the first 2 codebook layers are activated.
o For the 6 kbps mode, all 12 codebook layers are utilized.

A final Conv1D layer and GRU layer outputs encoded features.

—

e v

SnakeBeta(N)

]

Conv1D(k=3, n=2N,
group=4, dilation)

y

[ SnakeBeta(2N)

]
J

!

Conv1D(k=1, n=N,

K group=4)

B—

ResidualUnit

J

/
,
;
/
;
j'

Input:[1, T]

ConvlD(k=7, n=12)

R N
AN '
i - - i
! ResidualUnit i
» i
| i
\ i
| i

i

Conv1D(k=2S,
n=2N, stride=S)

Conv1D(k=3,
n=256)

Encoder

Encoder structure




ByteDance

hi RN

= Model Structure

» Decoder

* Decoder takes quantized RVQ features as input.

* A ConvlD layer is followed by 8 stacked Conv2Former blocks.

¢ QOutputs STFT magnitude and phase coefficients.

* ISTFT reconstructs 40 ms of audio: 10 ms past, 20 ms current, and

10 ms future context.

Parameter/Metric Track 1 Track 2
/ \ ( Frame 1 I Frame 2 I Frame 3 ) Encoder-dim 12 32
[ Encoder_group 4 8
[ ConvID ] [ © Encoder ] Encoder_output_latent_dim 256 512
| Conv2FormerBlock_input_dim 372 512
¥ [ | Quanizer ] Conv2FormerBlock hidden_dim 380 620
8 x [ Conv2FormerBlock ] Voo
[ | Decoder ) Encoder Complexity (MFLOPS) 3855 1875.38
l S Quantizer Complexity (MFLOPS) 1546  19.66
ConvID ] [ o : Decoder Complexity (MFLOPS) ~ 294.02  594.26
l : [ . Frame2 Encoder Parameter Count (M) 0973 5.145
[ STFT ] [ I J Quantizer Parameter Count (M) 0.154  0.209
K I e ; Decoder Parameter Count (M) 2954 5967
. | Overlap Region 3 3
Dect o UL (1, 71 Ovetop megon Comparison of model parameters, complexity and

. arameter count between Track 1 and Track 2
Decoder Structure System latency description P



ByteDance

hi RN

m Discriminators and Loss Functions

» Discrininators

Multi-period discriminators (MPD).

Multi-scale STFT discriminators.

Multi-scale subband STFT discriminators.
Multi-length mel-spectrogram discriminators.

All discriminators are updated at every training step.

» Loss Functions

Multi-scale STFT loss and multi-scale mel-spectrogram loss.
Adversarial objectives use discriminator feature loss and generator loss.
RVQ commitment and codebook losses.

* Perceptual PESQ loss.

WaveFM-style optimized STFT loss.



ByteDance

hi RN

= Training Methods

* Randomly bypassing all codebook with a 50% probability during training allows direct
gradient backpropagation between encoder and decoder.

* Randomly dropping layers of codebook with a 50% probability to achieve multibitrate
capability using one model and codebook.

* Reducing mel loss weight in stage 2 promotes the generation of mid-to-high

frequency harmonics.
p = 0.5 (Train Codebook)

z_residual

Bypassing codebook training during training process

p = 0.5 (No Codebook / Bypass)

z

[ InProj
z_e
[ OutProj
z_e_out
z_residual

Weights Stage-1 Stage-2

A1 15.0 1.0

Ao 10.0 10.0

Ag 2.0 2.0

Loss = A1 L08Sme; + A2L0SSgg A4 1.0 1.0
+ AzLossgisc + A1loSSgen As 0.25 0.25

+ )\SLOSSchcmmit + )\SLosquccdebook Aﬁ 10 10

+ A7L08Spesq + AgLOSSwavefim sift p 50 5.0

As 10.0 10.0

Loss weights (A) for different training stages
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= Ablation Experiments and Challenge Results

» Ablation Experiments

* Conv2Former-based decoders outperform ConvNeXt backbones under similar decoding
complexity.

* PESQ-based loss yields objective gains.

* WavLM and MuQ feature losses failed to yield improvements in objective quality.

* Probabilistically dropping codebook training substantially improves generation quality.

* Two-stage fine-tuning with a lower mel loss weight further boosts PESQ scores.

Ablation Setup Clean Real world Simultaneous talkers DRT EN
1kbps 6kbps 1kbps 6kbps 1Kkbps 6 kbps 1kbps 6 kbps

Stage-1 200k steps. 1.83 3.00 1.77 2.98 1.48 2.60 1.90 298
ConvNeXt Block decoder, stage-1 200k steps. 1.74 2.46 1.70 2.38 1.43 2.10 1.75 244
Without PESQ loss, stage-1 200k steps. 1.66 2.70 1.62 2.72 1.38 2.40 1.74 2.72
With WavLM feature loss, stage-1 200k steps. 1.71 2.63 1.68 2.56 1.47 2.09 1.73 2.63
With MuQ feature loss, stage-1 200k steps. 1.68 2.90 1.66 2.96 1.45 2.65 1.71 2.89
Without dropping codebook training, stage-1 200k steps. 1.83 2.80 1.79 2.75 1.50 2.26 1.91 2.85
Stage-1 800k steps. 1.91 343 1.82 3.45 1.52 3.29 1.96 347
Stage-2 200k steps. 2.00 3.56 1.89 3.59 1.56 3.44 2.03 3.54

Ablation experiment
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= Ablation Experiments and Challenge Results

» Challenge Results
* [RIS ranks 1st in Track 1 and 5th in Track 2 of the LRAC Challenge.
* A final aggregate score of 71.91 in Track 1.

Test Type Clean speech Real-world noise & reverb Simultaneous talkers Intelligibility (clean) Aggregate Score
MUSHRA MUSHRA DMOS DMOS DMOS DMOS DRT Final Score
Score / Rank [0,100]  [0,100]  [15] [1,5] [1,5] [15] [-100,100] o100 N
. . 20% 20% 20% 20% 5% 5% 10%
Bitrate Mode/Weight  ;y pp ~ LBR  ULBR LBR ULBR  LBR ULBR 1%
teamwzgaq (Proposed) 62.65 81.75 3.02 444 2.82 4.35 85.43 7191 1
nano-codec 59.23 81.17 3.13 4.44 2.60 422 78.12 70.86 2
aitd-go 60.90 80.69 3.40 4.16 2.08 2.98 85.57 69.22 3
nju-aalab 65.20 89.19 2.74 4.12 1.70 2.82 82.98 67.48 4
boya-audio 35.22 77.24 221 4.30 2.03 4.26 80.29 59.42 5
pdura7 42.75 62.56 2.30 329 1.68 2.05 75.34 49.94 6
Irac-challenge 17.92 74.28 1.31 3.35 1.26 2.20 75.90 42.36 7

Results of LRAC Challenge Track 1
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m Future Works

Better quality—complexity trade-offs, more efficient structures.
Integrate PL.C (Packet Loss Concealment) and DTX (Discontinuous Transmission) .
Multiple sample rate support.
Unified Speech & Music.
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