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Abstract: The existing methods often combine the weighted prediction error (WPE) de-reverberation method with in-
dependent component analysis (ICA) and independent vector analysis (IVA) techniques to realize convolutional blind
source separation in a reverberation environment. However, ICA and IVA do not construct flexible sound source models, so
the independent low rank matrix analysis (ILRMA) technique is proposed, which in turn constitutes the joint optimization of
WPE and ILRMA, namely WPE-ILRMA. However, the performance of WPE-ILRMA still depends on the number of itera-
tions and the setting of filter order. When the number of iterations is small, the performance of the method is poor, and the
fixed filter order setting cannot cope with the complex and changeable reverberation environment. Moreover, the update of
the separation filter still needs to invert the matrix, which consumes a lot of hardware resources. The impulse response re-
modeling (IRR) model using the gradient descent method to optimize the pre-filter is proposed to shorten the impulse re-
sponse length and reduce the influence of a high reverberation environment. However, the objective function Structured by

these methods based on the IRR model needs to set the norm value, which is only set by experience. Improper settings will
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easily lead to the decrease of IRR effect. However, it is impractical to continuously adjust the norm value of the objective
function according to the IRR effect in a blind signal processing scenario. Aiming at the problem that the performance of ex-
isting convolutional blind source separation methods depends on the norm value or filter order setting, the concept of com-
pression transform is introduced into IRR technology for the first time. It is proven that the compression transform can
achieve reverberation suppression performance better than p-norm, and then the compression transform can be used to re-
place p-norm in the traditional IRR model. An innovative impulse response compression (IRC) model combining the com-
pression transform and the infinite norm is designed. The proposed IRC model not only achieves superior reverberation sup-
pression performance, but also does not need to adjust reverberation suppression performance by empirically setting a norm
value or filter order like traditional de-reverberation methods. In addition, the iterative source steering (ISS) technology and
ILRMA are introduced to avoid the matrix inversion operation, which makes the proposed method easier to implement in
hardware. The simulation results show that the proposed method achieves superior signal separation performance compared
with other methods in a high reverberation environment, whether for the animal sound signal separation problem with small
component difference, the music signal separation problem with complex components, or the speech signal separation prob-
lem with large component difference, which shows that the proposed method has strong robustness and a wide application
range. The existing methods adopt a fixed norm value or filter order setting. Improper parameter setting will lead to the per-
formance degradation of the method, but the performance of the proposed method does not depend on the adjustment of the

norm value or filter order. The proposed method breaks through the application limitations of existing methods, and the IRC
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technology can also be applied to other engineering problems related to de-reverberation.
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(a) DUBEE & U5 A BB E
(a) Time domain waveform diagram of source

signals of four-channel speech
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Figure 11

(b) PUEKIH & BHUR A5 S BB &
(b) Time domain waveform diagram of convolutional

mixed signals of four-channel speech

(c) VUHIEE 4 B {5 5 I S e (&
(c) Time domain waveform diagram of

separated signals of four-channel speech

R T BT DU & 15 5 B9 IRC-TLRMAISS 5 I 43 2 R A
Blind source separation effect diagram of IRC-ILRMAISS based on four-channel speech signals under high reverberation
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Table 3 Performance comparison of four-channel convolutional blind

source separation for audio signals

Bk PERETTAN A FRFRITRBAE/AB

SIR 14.522 4

IRC-ILRMAISS SDR 11.160 7
SAR 15.1757
SIR 11.147 9

IRR-ILRMAISS SDR 8.284 6
SAR 13.164 4
SIR 12.651 2

IRR-ILRMA SDR 9.503 7
SAR 14.249 0
SIR 11.509 5
WPE-ILRMA SDR 8.442 4
SAR 12.264 5
SIR 6.078 1
Consistent-ILRMA SDR 3.948 8
SAR 10.9515
SIR 7.153 3
ILRMA SDR 5.089 8
SAR 12.289 2
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