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Research on sound source localization based on the second-order
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Abstract ; The steered response power with phase transform (SRP-PHAT) algorithm is widely used for sound source localization due to
its strong robustness in reverberant environments. However, the traditional SRP-PHAT algorithm has insufficient localization accuracy
and large computational volume in multi-microphone array source localization scenarios, which cannot meet the demand for high-precision
real-time source localization. Aiming at the above problems, a SRP-PHAT algorithm based on quadratic cross-correlation is proposed. In
this approach, the autocorrelation and cross-correlation between the signals of two groups of channels in the array are subjected to
quadratic cross-correlation. The generalized cross-correlation phase transform function ( GCC-PHAT) is used as the basis for further
calculation to obtain the improved SRP-PHAT function, followed by peak detection to achieve sound source localization with improved
accuracy. To reduce computational load, the microphone array is divided into reference channels and sound source channels, and
correlation operations are performed only between these groups. This avoids the redundancy of traditional pairwise computations across all
channels, significantly lowering the computational cost. The traditional SRP-PHAT algorithm and the SRP-PHAT algorithm based on
quadratic inter-correlation are transplanted in the self-developed 128-array multi-spiral-arm array source localization system, and the
experiments of source localization are conducted indoors at four source frequencies (10~25 kHz). The experimental results show that the
improved algorithm reduces the azimuth estimation error by an average of 2. 5°, the pitch estimation error by an average of 2°, and the
spatial resolution of the localization by an average of 45.78% for the localization of sound sources at four different source frequencies.

Compared with the conventional algorithm, the improved algorithm improves the localization accuracy and reduces the computation
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amount significantly, which provides an effective solution for the SRP-PHAT algorithm for real-time sound source localization in multi-

microphone arrays.

Keywords : sound source localization; microphone array; phase transform; secondary cross-correlation
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Fig. 1  Microphone location distribution
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Fig.2  Array orientation diagram
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Fig.5 Sound source localization map



256 % & L F ¥

a6t

& 5(a) W15 SRP-PHAT 3313418 B B & =
FLE S (b) Mt E Rk e o B, A s SR el
UL, 545 1) SRP-PHAT 3 Fl el ik 9 — WK B4 5 SRP-
PHAT B3k R8G 20E 7 A B, o0 5 i 330k e
75 PR LA B R ) T R B 1) I X e B HL G 7
PR AL G A X — A TE JR g A 3 T PR R,
RSG5 1) SRP-PHAT B35 75 B4} [T A5 22 7 WGl T8 HE4 779 P
HARSCE T b A T XU S AR S S A K LA
T R SRR EESR Al TE R 0 SR (223 T S YR
(ENEERESY N N ARG S o= N~ S 1B =8 1D =R SK 3
4t SRP-PHAT B35 1 WK .4 5& SRP-PHAT 3% 191t
LA E) (PG — i 2 [ A P 2 st ) ) Gnké 3 i,

*3 it&ErfiEattt

Table 3 Calculate time (s)
(=87 AR BB R SR8 ) 5 R
{445 SRP-PHAT 47.78 0.71
IR A SRP-PHAT 51.29 1.32

3 SLIGTEIE

SRR FIFET St % RK3568 7 [ E 0K 17 U5
FENMLRG, ERGERTE A A0 128 BT 2 IR 1
RSN FEHE S, EHE S REZNE, #@id
FPGA ( field-programmable gate array ) #£47 {55 RFE, Rkt
FRfE S S B ZFEXHE, %7 CPU ( central
processing unit ) &% {5 8 4 5 1% i 25 4 B8 HE AT 2 N7
B, BESIERL R RSN S EUR A HAE S . TE
P R E PR S 2R TE CPU thE I
S U S RE R A () B A5k R AR A BLSE R AE
#2022k EALPRES W, GPU (graphics processing unit )
P RE R I 5 IS RUG A 5 R AT e (RS A i R E
filEl &6 TSGR A A v KBS
_oEe— KN

Ko K5
Fig. 6 Microphone array
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Fig.7 System schematic diagram
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Fig. 9 Experimental environment
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Fig. 10  Experimental results
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Table 4 Localization results
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Table 5 Angle error estimation and ARW statistics
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Fig. 11 Average angular error
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