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Short Abstract

One of the most widely used beamforming algorithms for the application of speech enhancement is the Minimum Variance Distortionless Response
(MVDR) technique. The optimal coefficients of the MVDR beamformer are calculated based on the incoherence assumption of environmental
interferences and the desired signal. Due to the nature of noise and speech signals, this assumption is not valid in many practical situations. This, in
turn, results in inaccurateness of derived coefficients of the MVDR. In this paper, as the first change in the MVVDR beamformer, by applying the
eigenvalue analysis to the desired signal covariance matrix and removing small eigenvalues, the accuracy of the beamformer coefficients is improved.
As the second contribution, we use a generalized version of the Short-Time Fourier Transform (STFT), namely the Short-Time Fractional Fourier
Transform (STFrFT), to calculate the MVDR beamformer weights. In this research, after obtaining the optimal value of STFrFT parameter
experimentally, the effect of each of the above two changes on the performance is investigated and compared with the basic methods. The results show
that the proposed methods, while being stable to the changes of parameters and environmental conditions, achieve signal-to-noise ratio (SNR) values

between —0.57dB and —0.22dB , while the performance of the baseline method is in the range of [-1.12dB,-0.40dB ] . Although each of the above

changes alone improves the performance, it is noted that the superior performance is obtained when both changes are applied together on the
beamformer.
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1-  Short Introduction

MVDR beamforming is one of the most applicable and attractive algorithms for multi-channel speech enhancement. MVDR weights are calculated
under the assumption that the desired speech signal and the environmental interferences are incoherent. Although this simplifies the calculation of the
beamformer weights, the assumption is not established in many practical situations. Furthermore, the optimal MVDR weights are commonly obtained
in the STFT domain. The STFrFT, as a generalization of STFT, can be used to reduce the noise more effectively considering its one more degree of
freedom.

2-  Proposed Work and Methodology

In the MVVDR beamformer, the output power is minimized under a single linear constraint on the response of the array in the STFT domain. In speech
enhancement, it is usually assumed that the desired speech and the environmental noise are incoherent. Therefore, the covariance matrices of noise and
desired signal can be easily calculated and used to determine the optimal MVDR coefficients. However, this assumption is not established since the
covariance matrix of the desired source signal may contain some noise. In this paper, we propose two extensions to the standard MVDR beamformer:
1- To enhance the optimal MVDR coefficients, we apply eigenvalue decomposition on the covariance matrix of the desired speech. The eigenvalues
are sorted in descending order and the biggest one is retained. Then the covariance matrix is reconstructed. 2- The optimal weights of the MVDR
beamformer are calculated in STFrFT domain, which is a generalization of STFT. The parameter of the STFrFT ( « ) can be tuned so that the transform
captures the signal's time-varying characteristics more effectively.

To evaluate the performance, we first determine the optimum value of « (STFrFT parameter) in the simulated acoustic room considering two
performance measures, i.e. Perceptual Evaluation of Speech Quality (PESQ), and Segmental Signal to Noise Ratio (SSNR). Based on the obtained
performance evaluation metrics, « = 0.94 is chosen as the optimum STFrFT parameter. In the following, we consider three different scenarios: 1)
noisy, 2) reverberant, and 3) noisy-reverberant environments and compare the performance of the proposed beamformers (fractional MVDR
(FracMVDR), eigen-based MVDR (EigenMVDR), and fractional eigen-based MVDR (FracEigenMVDR)) with those of the baseline methods (standard
MVDR and RICMWF). The simulation results show that three proposed beamformers can achieve more noise reduction and quality enhancement in
comparison with standard MVDR. As an example of the results, the input PESQ is equal to 1.56 and SSNR=-1.63dB in the noisy-reverberant scenario.
In this scenario, the FravEigenMVDR can improve the PESQ to 2.18 and the SSNR to -0.57 ; the EigenMVDR improves the PESQ to 2.10 and the
SSNR to —0.66 , and the FracMVDR output the PESQ is 1.98 and the output SSNR is —1.06dB , while the standard MVDR reaches PESQ = 1.91 and

SSNR =-1.12dB . Comparing FracMVDR and EigenMVDR, we observe that in the whole proposed structure, the effect of eigenvalue analysis on the
noise cancellation is more significant rather than that of applying STFrFT transform. Furthermore, our analysis shows the robustness of the proposed
method against the changes in parameters and environmental situations.

In this paper, some waveforms and spectrograms of the proposed and baseline methods have been also presented. The depicted results are consistent
with the performance evaluations done in the previous experiments.

3-  Conclusion

In this research, we proposed two extensions to the standard MVVDR beamformer to reduce the noise more and improve the speech quality of signals
received by a microphone array. As the first contribution, we performed an eigenvalue analysis on the covariance matrix to improve the accuracy of the
optimal MVDR coefficients. Secondly, the optimal weights of the MVVDR beamformer are calculated in STFrFT domain (instead of the standard STFT).
Simulated results demonstrate that the proposed FracEigenMVDR beamformer improves the speech quality and reduces the noise more effectively
compared to the standard MVDR.
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