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GSC improved speech enhancement method based
on parameterized beamformer

Zhang Chuanying Zhao Jingyu Liu Yang Bu Fanliang

(School of Information and Network Security, People’s Public Security University of China, Beijing 102600, China)

Abstract:To address the limitations of the fixed beamformer in the generalized sidelobe canceller ( GSC) in suppressing sidelobe
interference and processing non-stationary speech signals in complex environments, this paper proposes an improved GSC-based speech
enhancement method utilizing a parameterized beamformer. The proposed method employs a dynamic tuning mechanism to flexibly
balance and adjust between the delay-and-sum (DS) beamformer and the super-directive (SD) beamformer, effectively suppressing
sidelobe interference and enhancing the robustness and adaptability of the GSC in complex acoustic environments. Furthermore, a cross-
correlation coefficient is introduced to regulate the step size of the adaptive filter weight update, mitigating the over-attenuation issue
caused by variations in speech signals and improving the processing accuracy for non-stationary speech signals. Simulation experiments
were conducted in MATLAB to evaluate the performance of the proposed method under various noise conditions, including Babble noise,
music noise, and white noise. The performance of the proposed method was compared with that of the traditional GSC and the GSC with
the least mean square (LMS) algorithm. The evaluation was carried out from multiple perspectives, including 3D beam patterns, noise
reduction effects under different background noise and parameter conditions, and the effectiveness of the cross-correlation coefficient.
Quantitative analysis was performed using performance metrics such as segmental signal-to-noise ratio (SNR) and perceptual evaluation
of speech quality (PESQ). The results demonstrate that the proposed method significantly outperforms the traditional GSC in terms of
noise reduction performance and speech clarity. In environments with Babble noise, music noise, and white noise, the segmental SNR
improved to 11. 02, 6. 14, and 10. 33 dB, respectively, while the PESQ values increased to 3. 65, 3.20, and 3.25, respectively. By

adjusting the parameters, the proposed method achieves optimal noise reduction effects in different noise environments, validating its

Wik H 11.2024-08-14 Received Date ; 2024-08-14
w FEATH P E N RA D RN —R AT H (2023SYL0S ) ¥t Bl



- 126 - LSRR R e o

539 &

effectiveness and superiority in complex acoustic scenarios.

Keywords : microphone array; beamformer; generalized sidelobe canceller; parameterization; cross-correlation coefficients
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4. 65 6. 14 21.23 21.32 22.23 22.57 21. 40 18. 66 19. 41 15.20 18. 30
-9.42 -3.32 4.62 5.33 6. 14 5.83 5.52 4.78 10 4.01 4. 00
T AR MR -0.17 5.16 11.68 12.75 13.50 13. 62 11.22 9. 60 9.76 6.43 7.16
5.16 9.45 18.32 19.77 20. 31 20. 18 19. 34 17.82 17.76 15.57 15. 68
-4.27 4.42 10. 21 10. 33 9.88 9.94 8.02 8.56 8. 66 8. 61 8.42
Sl -0. 67 7.43 14..56 14. 59 14.73 14.75 14.70 14.58 14. 61 14. 16 14. 40
5.16 12. 10 17.38 18.08 18.97 19.27 18.50 16. 96 16. 60 12.32 12.76
#*2 FRIMELETH PESQ E( X HEMEXREE)
Table 2 PESQ values under different types of noise (no cross-correlation coefficient)
oy SNR/dB 1645 GSC GSC with LMS N = 1 N =2 N =23 N =4 N =15 N =6 N =17 N =28
-4.89 3.142 3.568 3.368 3. 609 3.539 3.367 3.250 3.200 3.093 3.329
Babble B -1.37 3.217 3. 691 3.518 3.727 3. 666 3.751 3.400 3.357 3.258 3.475
4. 65 3.284 3.782 3.684 3.816 3.781 3.827 3.582 3.542 3.447 3.643
-9.42 2.643 2.921 2.813 3. 115 3.015 3. 145 2.637 2.578 2.469 2.721
TR -0.17 2. 868 3.432 3.237 3.584 3. 460 3.619 3.058 2.997 2. 887 3.138
5.16 2.969 3. 668 3.427 3.759 3.656 3.787 3.217 3.142 3.025 3.319
-4.27 2.612 3.021 2.903 3.201 3.107 3.236 2.732 2. 681 2.598 2. 829
Bl -0. 67 2.783 3.267 3.076 3.303 3.268 3.398 2.911 2.851 2.735 3.012
5.16 3.103 3. 496 3.353 3.619 3.541 3.653 3.212 3.158 3.040 3.305
%3 FRBAERETH PESQ fE( BEMEXRY)
Table 3 PESQ values under different types of noise ( cross-correlation coefficient)
WHMES  SNR/AB f£48 GSC GSC with LMS N = 1 N=2 N=3 N =4 N=5 N=6 N=7 N=8
-4.89 3.142 3.593 3.435 3.655 3.592 3.675 3.301 3.251 3.158 3.368
Babble W7 -1.37 3.217 3.721 3.584 3.762 3.706 3.776 3. 441 3.396 3.314 3.512
4. 65 3.284 3.823 3.723 3.835 3.803 3.844 3.619 3.579 3.501 3.673
-9.42 2.643 2. 960 2.902 3.201 3.099 3.232 2.723 2.662 2.558 2. 808
AR -0.17 2. 868 3.526 3.335 3.683 3.563 3.716 3. 141 3. 082 2.977 3.230
5.06 2.969 3.782 3.535 3.838 3.745 3. 864 3.324 3.251 3.122 3.422
-4.27 2.612 3.086 2. 965 3.253 3.156 3.281 2.778 2.719 2.634 2.867
M -0.67 2.783 3.312 3.152 3.429 3.334 3.455 2.981 2.915 2.804 3.067
5.16 3.103 3.536 3.438 3. 681 3.601 3.703 3.276 3.220 3.122 3.356
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