Computer Science and Application HHE 1Rl 5 M, 2026, 16(10), 96-109 Hans X
Published Online October 2026 in Hans. https://www.hanspub.org/journal/csa
https://doi.org/10.12677/csa.2026.1610314

ET XM VDR ZE 52 KBS B R ENM 3L

X HFL, XRET, AP

WEFHEE TR TR 2 BE, 107 JERH
LT R GHRE AR SRS E A E, LT LM

ks H I 20264F9H11H; FHHM: 20264F10513H; KA HH: 20264E10H26H

R

SEXHE GL iR/ T7 2 oW AL R B (MVDR) SRR (G MR LA T 5 R W 7 ERE R R ER W, SBUENL
BT e FEAFaE K 55 AN DR W55 FF) 5 R, 42 H — b T30 A 30 5 s S BUE AL B 22 T2 R 51
PR E AL /¥ (DL-DWO-MVDR) . %75 VAN P 7 Z R REEAT X A ek, REEM KRR, R
WA DIRE R R BB AUE, 5 U5 B BRI WTE S i (7] A P IR R AR, BRI EM T
AN RPN E IR E, X HDSB. /44 MVDRS FTiR HVETEA [R5 LA A Y505 6L T B e hrtkeg . 45
RERY, FrifEEIEERTRE, FWANNEER, BRFEFRXNERIFHE . SR PP
EALRENT 2, BUEA BET1s, BIET FER AT,

XK ia

B/NJTETRARMNL, FIREAL, SBUEMIL, X AR

Microphone Array Sound Source
Localization Method Based on
Improved MVDR

Guangyu Liu?, Fengli Liu!*, Yongping Hao?

1School of Mechanical Engineering, Shenyang Ligong University, Shenyang Liaoning
2Liaoning Key Laboratory of Advanced Manufacturing Technology and Equipment, Shenyang Liaoning

Received: September 11, 2026; accepted: October 13, 2026; published: October 26, 2026

Abstract

To address the degradation in localization accuracy, unstable main peaks, and increased sidelobes
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and spurious peaks of the conventional minimum variance distortionless response (MVDR) algo-
rithm under low signal-to-noise ratio conditions, a microphone-array sound source localization
method based on diagonal loading and dynamic weight optimization, termed DL-DWO-MVDR, is pro-
posed. Diagonal loading is first applied to the covariance matrix to improve the numerical stability
of matrix inversion. Dynamic weights are then constructed according to frame energy, allowing
frames containing stronger effective information to contribute more to multi-frame spatial-spec-
trum fusion while reducing interference from low-quality frames. Single-source and dual-source
simulations are conducted to compare the proposed method with delay-and-sum beamforming (DSB)
and conventional MVDR under different signal-to-noise ratios and source directions. The results
show that the proposed algorithm produces more concentrated and stable main peaks, lower side-
lobes and spurious peaks, and better dual-source resolution. Physical experiments further demon-
strate the feasibility of the method, with an average localization error of less than 2° and a single-
frame localization time of less than 1 s.
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Figure 1. Spatial geometric model of microphone array sound source localization
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Figure 2. Single-frame acoustic signal after preprocessing
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Table 1. Comparison of localization performance under different diagonal loading factors
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Figure 3. Results of frame-energy-based dynamic weight optimization
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Figure 5. Comparison of spatial spectra of different algorithms at 300° azimuth
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Figure 6. Spatial spectrum comparison of different localization algorithms under the two-source condition
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Figure 8. Comparison of localization errors of different algorithms under different azimuth angles
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Figure 9. Comparison of average localization errors of different algorithms under different elevation angles

9. REMR AT & EEFHEMIRER L

B8 gt TR 500l AFEITTALA A T S EIEREA R ZEX g R . WA, 7E 0°~360°7E
[l N, DSB HiEMES: MVDR BIE R ZRAREK, 75 5°~10EF ks R, BT A KT
SERAREEELSS . DL-MVDR fl DWO-MVDR BIER R ZEA PTG, ~FRIRZEL N 37, R M
HABUEMRACY REAE— EFEFE EeR BE R EfitERe . AHELZ R, DL-DWO-MVDR RS % 77 6 /1 N
RFFEURIRZE, PR 2L R 2000 F B A A Hykshig BRI, Ul B A O SRS 45 A I e g it — 2D iRt

DOI: 10.12677/csa.2026.1610314 107 THENUER 5 N H


https://doi.org/10.12677/csa.2026.1610314

PUp s

A5 AR B SR B R AR E

TEIT LA 100 FIEOL R, B9 45 T ASEI AR 264 N & S P38 A i ZE X LL 45 3 o] DU
PR R RIS/ S KA, 78 30°~60° 3 PY R ZE 50N, T AEAND Ff 795  [X a5 2 AH 6T 3 K
XA R S AN R BRS04 HERE D R A 5. STEEANES VAT %1, DSB AifE4E MVDR 5Lk 2K
&, DL-MVDR 5 DWO-MVDR $i55 Bick#, 1fi DL-DWO-MVDR SE7E SN/ R BB HRARIRZE,
T AR SCBEN AN [F) 72 [N S A B B8 A 1003 I A e o s 1

50
40
30
20

or°

10
0
-10
-20

-30
0 50 100 150 200 250 300 350

@l°

Figure 10. Spatial spectrum of the dual-source experiment
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