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Waveform vs Spectral Methods
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Prior Work

Paper Input Method

T-Film, Birnbaum et al. 2017 Waveform U-Net

SeaNET, Li et al. 2020 Waveform U-Net, Adversarial

NuWave 2, Han and Lee 2022 Waveform Diffusion

SSR-GAN, Eskimez et al. 2019 Spectral (Magnitude) U-Net, Adversarial

NU-GAN, Kumar et al. 2020 Spectral (Magnitude) U-Net, Adversarial

Phase-Aware, Hu et al. 2020 Spectral (Magnitude, Phase) U-Net, Adversarial

BEHM-GAN, Moliner and Valimaki 2022 Spectral (Complex) U-Net, Adversarial
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Proposed Model
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Encoder



Adversarial Losses
MelGAN, Kumar et al.



Multi-Resolution STFT Loss
Parallel WaveGAN, Yamamoto et al.



Spectral Upsampling Method

Our 
Method

Other 
Methods



Artifact At Verge
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Datasets, Metrics, and Baselines



Datasets

Dataset Domain Source to Target Sample Rate (kHz)

VCTK Speech

8 → 16

8 → 24

4 → 16

12 → 48

MusDB Music 11 → 44



Metrics

• Log Spectral Distance (LSD)

• Virtual Speech Quality 
Objective Listener (ViSQOL)

• MUSHRA



Baselines

Baseline Domain Input Method

SeaNET, Li et al. Speech, Music Waveform U-Net, Adversarial

T-Film, Birnbaum et al. Speech Waveform U-Net

NuWave 2, Han and Lee Speech Waveform Diffusion

BEHM-GAN, Moliner and Valimaki Music Spectral U-Net, Adversarial
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Results: Music



Ablation Study

We evaluate the following:
● Discriminators
● Component study

○ Activation function (ReLU/Snake)
○ Upsampling (Time/Spectral)
○ Frequency Transformer Block (FTB)

● Input size
○ Hop size and window length



Experiments: Ablation Study - Discriminators



Experiments: Ablation Study - Components



Experiments: Training/Inference Durations



Examples
Low Resolution Enhanced
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Open Source

https://github.com/slp-rl/aero

https://github.com/slp-rl/aero


Conclusions

• Variety of sampling rates and domains.
• State of the art.
• Component ablation study.
• A novel pre-processing approach.



Future Work

• Multiple sample rates in a single model.
• Noisy environments.
• Cross domain generalization.
• Real time inference.
• Simultaneous speech enhancement tasks.



Thank you
See our paper and samples at: https://pages.cs.huji.ac.il/adiyoss-lab/aero/

https://pages.cs.huji.ac.il/adiyoss-lab/aero/

