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ABSTRACT: Speech enhancement used to improve the perceptual quality and intelligibility of noise speech has
been studied as a method using a complex-valued spectrum that can improve both magnitude and phase in a
method using a magnitude spectrum. In this paper, a study was conducted on how to apply attention mechanism
to complex-valued spectrum-based speech enhancement systems to further improve the intelligibility and quality
of noise speech. The attention is performed based on additive attention and allows the attention weight to be
calculated in consideration of the complex-valued spectrum. In addition, the global average pooling was used to
consider the importance of the feature map. Complex-valued spectrum-based speech enhancement was performed
based on the Deep Complex U-Net (DCUNET) model, and additive attention was conducted based on the
proposed method in the Attention U-Net model. The results of the experiments on noise speech in a living room
environment showed that the proposed method is improved performance over the baseline model according to
evaluation metrics such as Source to Distortion Ratio (SDR), Perceptual Evaluation of Speech Quality (PESQ),
and Short Time Object Intelligence (STOI), and consistently improved performance across various background
noise environments and low Signal-to-Noise Ratio (SNR) conditions. Through this, the proposed speech
enhancement system demonstrated its effectiveness in improving the intelligibility and quality of noisy speech.
Keywords: Complex-valued spectrum-based speech enhancement, Additive attention, Feature map Dependent, Low
Signal- to-Noise Ratio (SNR) environments
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Fig. 1. (Color available online) The process of mask—based speech enhancement system using complex—valued

spectrum,
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Table 1. The evaluation results of the systems. The
results are averaged over all test sets.

Model SDR PESQ STOI

No Processing 0.13 1.587 70.66
UNET!'® 9.97 2.409 85.65
DCUNET™ 11.32 2.430 86.75
DCUNET+ATT 11.56 2.452 87.52
DCUNET+FD-ATT | 11.62 2.476 87.76

Table 2. The SDR evaluation results for different SNR
conditions, The results are averaged over all types
of background noise (drama, music, news, and sports).

Model SNR5 | SNRO | SNR-5 | Avg.

No Processing 5.08 0.11 -4.79 0.13
UNET!'® 12.81 997 | 713 9.97
DCUNET™ 13.75 | 1140 | 881 | 11.32

DCUNETH+ATT 14.08 | 11.63 8.95 11.56

DCUNET+FD-ATT | 14.19 | 11.72 8.96 11.62
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Table 3. The PESQ evaluation results for different SNR
conditions.

o
=

Model SNRS5 | SNRO | SNR-5 | Avg.

No Processing 1.830 | 1.563 | 1.366 | 1.587
UNET!® 2.766 | 2.412 | 2.048 | 2.409
DCUNET™! 2.758 | 2.444 | 2.088 | 2.430

DCUNET+ATT 2779 | 2461 | 2.117 | 2.452

DCUNET+FD-ATT | 2.801 | 2.492 | 2.136 | 2.476

Table 4. The STOI evaluation results for different SNR
conditions.

Model SNRS5 | SNRO | SNR-5 | Avg.

No Processing 81.14 | 70.87 | 59.98 | 70.66
UNET!® 9137 | 86.32 | 79.26 | 85.65
DCUNET™! 91.82 | 87.59 | 80.86 | 86.75

DCUNET+ATT 92.56 | 88.31 | 81.69 | 87.52

DCUNET+FD-ATT | 92.78 | 88.60 | 81.90 | 87.76
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