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Abstract: To address the significant performance degradation of the existing focusing frequency selection

in the coherent subspace method for direction-of-arrival (DOA) estimation of acoustic array sources under
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low signal-to-noise ratio (SNR) and multi-target environments, a focusing frequency selection method
based on full-frequency-domain eigenvalue distribution is designed to optimize the focusing frequency selec-
tion strategy and improve estimation efficiency and accuracy. Eigenvalue decomposition was performed on
the covariance matrix of array received signals at each frequency point, and the ratio of the sum of signal
eigenvalues to the sum of noise eigenvalues was defined as the signal-noise separation index; frequency
points with higher indices were selected as focusing frequencies. For multi-target scenarios, a multi-
frequency focusing set matching the number of sources was constructed to fully utilize all frequency compo-
nent information of broadband signals. In simulation experiments, the proposed method exhibits sharper
spatial spectrum peaks, lower sidelobes, and better adjacent angle resolution under low SNR; for multi-
source targets, its estimation accuracy is more stable, and the computation time is significantly shorter
than that of the optimal focusing frequency method. In experimental validations in complex office and
shopping mall environments, compared with the optimal focusing frequency method and the central fre-
quency method, the proposed method reduces the mean absolute error by 10.2% and 36.4%, and the
root mean square error by 41.0% and 50.0%, respectively. It not only achieves smaller average errors
but also yields more stable results with fewer large-error cases. The proposed focusing frequency selection
strategy can fully utilize full-frequency-domain information, effectively balance computation efficiency and
accuracy, and is suitable for low-SNR and multi-target broadband acoustic scenarios. However, its com-
putational complexity increases linearly with the number of frequency points, and its dynamic real-time
performance needs further improvement.

Key words: broadband acoustic estimation; low signal-to-noise ratios; focus frequency; eigenvalue distribution
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By, Tk TR AN AR SO vk

# 2 JrERER
Tab.2 Calculation time s
} Sk
ik
100 1 000 2000 5000

NGRS 0.1193  1.1103 2.1857 5.269 2

Jiidi— 0.1433  9.2253 36.493 8 212.967 0

Hk 0.0659  0.5790 1.1726 2.798 8

3.8 SLIOXLEEE

H1 3. 2712 3. 71 Af LS nl A, FET RS e
WERRRE DT AT, AR SO A U A5 S e dR 4R v
HMER Y NIE:, BRI A SOTEI T T5
W Ink AT R = T IE T AR U O
R M7 R AR R G R E R/, fiE
AR IR 22, Tk —RCRIETI596 = SR
TESEPR TAEE I, e % it s S A4
fitr e [RIMSAE 3. 795 AT HAARE RS L |, FERS /D3]
2 DTE AR SO ik —, NiE—
BTSN RA T PSRRI i 1 5 T vk TR
VEIUE - FHRER fR R 5 A SCT Ik fE 2 Bt
SRR, MR T IR e BRSO A 1
AR A B o T RIS s )5 L RRIE R RE T, 2T
TR HERYE RS E TE o

4 SCIGLGIE

R SR BT P SR AR S PR A 2 7R A g T
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S ARSI DOA P O R4 9

TGS ERPE, AR SOR I EL LA v RS B R 4R
(R T J S IR o S8 T 22 o IR 37 A 7
SR RS 2k A A TE R 2E B S ReaMANS
ZHIEE UL E AN REG 5, WEHE LK
T4 1) P15 b 1 58 4 O 7S TR, BRI i
TR,

R 1) 455 764 96 B Real MAN H 14 28 7 [ 51) 43 F1s
SEMY, LRPE RN 2 T A B M=10, HF 5K
5ok 25, 21, 13, 5, 0, 1, 9, 17, 26 #1127,
2 v AR d=3cm.  H:32 v XU VI ] 20 Hz~
20 kHz, FAER 48 kHz, 6 L 155 15 5 5B
I AR AT K o

A AU BEBOR A B A A E AL
F PRBE AR A W 7 1 AR, 7R VR B (R
BRI SCIFR L. — L BEH 236 2 50dE, B
J1121.95s,

W 3 Piw , TR Fh 7 2 00 7 2 46 % 1 22
(Mean Absolute Error, MAE) il RMSE, MAE &
SHy

11\/'
MAE= >

K NSRRI L5 R, X B N=236;
0,(n) HAEEE n RSB XA £ A5 B B9 A8 T
0, L

t 2 3 I, ARSCOT L1 MAE J2& 3Rk v
AR, AL —BEAR T 2910, 200, MR LT
TRRAR T 29 36. 400, TEE ZRIREET (M A IR
WAL . F ) RMSE $EAL 840 1 ) 2 1k 158 2% 4%
7, AR 305 ¥E ) RMSE S I% T Hofth 5 Fh 55 3%, AH
P —REAR T 2941, 0%, AHEL ik IR T 2
50. 0%, ULHIASCHIEANCEY R 2E/N, HIER
ZRIREE NI N A5 R R | RIRZE G LD

# 3 AFIEEE MAE 1 RMSE

é/y(n)*@k

, Q7

Tab.3 MAE and RMSE for different methods (@)
(RPN MAE RMSE
AT 17.53 26.00

Jrik— 19.53 44.05
ik 27.58 52.03
A\
5 & i

AR SR X RS v DOA G T p oA - 748
)77 12 A R AR P 2 Hr | IR(E MR L 2%
4 T s 4P R 2 Sl PR, Rk R T — A
T A WU AE (L7 A 14 3R SRR T 0T i

PR 3 5848 (55 DOA Ml PERE . AR SCT5 i i
TR RCR S HERTE, TR FE IR T R R AR
PG FFIT IR RME AR, 52 (05 BE A T Hh O a5
AR BRI RE T o A7 B ML 56k 4
RO LA TERE , S8R 1A SO A9 A R
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