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Abstract

In strong noise environments, the performance of traditional GCC time delay estimation methods
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EERE

degrades sharply, primarily because noise interferes with the signal’s cross-correlation function,
leading to sidelobe elevation and mainlobe broadening. As a result, deviations occur in the time delay
corresponding to the peak value. The Generalized Cross-Correlation (GCC) mitigates the impact of
noise by introducing weighting functions; for instance, PHAT weighting reduces the influence of sig-
nal amplitude on time delay estimation through phase normalization. However, it treats all frequency
components equally and fails to effectively distinguish between effective signal bands with high Sig-
nal-to-Noise Ratio (SNR) and noise-dominated bands with low SNR. To address this, this paper pro-
poses a Noise-Robust Adaptive Weighting (NRAW), which applies secondary frequency-domain
weighting to the GCC-PHAT output. The specific weights are dynamically adjusted based on local SNR:
high-SNR components retain PHAT characteristics, while low-SNR components are significantly sup-
pressed. This method requires no preset noise models and achieves targeted suppression of noise
frequency bands solely by leveraging the silence assumption in the initial segment of the signal. Ex-
perimental results show that, under strong noise conditions with SNR = -5 dB, the NRAW method re-
duces the mean absolute error from 7.14° for GCC to 4.57°. Meanwhile, within a 5° error tolerance, the
azimuth estimation accuracy improves from 50% to 68%. This fully validates the significant effec-
tiveness of the proposed adaptive weighting strategy in suppressing noise interference and enhanc-
ing localization robustness.
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Table 1. Summary of classical weighting functions and their characteristics
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Table 2. Parameter sensitivity analysis results

2. BUHRMKRNER

ZH B VG A
k [0.2,0.4, 0.6, 0.8] 0.4
Wain [0.05,0.1,0.15] 0.1
W,.. [0.85,0.9,0.95, 1] 0.95
SNR,, [-5,0,5,10] 5

WIGEREW, k=04, W, =01, W, =095, SNR,,=5dB, &N MAE &N 4.57°. M E
(DRSS 53 8
2.5. SHERIER AL KEX

ASCHTAR 1 NRAW AUE 0] FVE R e IER AR M) BRIERLL &(0) = P (0)/P, (w) » 4E
AVIRBAEN H,, = E/(1+&) - 11T NRAW @i Sigmoid BT SLBL, wna(13)FiR:

£(0)”
+¢(o)
He, p=10k/n10~434k . Mk=041F, B~1.74>1, KW NRAW XHIL SNR 5 B (¥ 58 B v A
HEAENIER:,  [EIIE W, > 0 A] DLBES 8 2 I R B AN R L, B S TDOA 155
3. WS
3.1. HiEMAE

ARSC S TR RITF 9 22 3 16 2 v AR B A 8 DL R AR A A B, R gpuRIR L RAA[12]1
B R 18] PP B (Room Impulse Responses, RIRs), #f RIRs 5 TfHESE SHTEH, BR4i5r%
WIEEEES.

ANE W7 )T B BB R T LibriSpeech TERMEE[13], MATBEHLEEIR 50 BAOHE & FEAR, HREIE A
NAFIE R 2 R W75 55 U NOISEX-92 ##i [ 14 HBEHUE L, IS LS5 b i 2 B
s BERERN RGN 2 MIEE 555 55 (S 51 e S LT 8, A2 s 22 v KUk
ES . BFIERSHEEN 6 x 6 x3m?, YRMERIBEE Ny 0.2's, RI/NEITELL, LIRS 25 IR I PR 38065 g 75 1)

(13)

DOI: 10.12677/jisp.2026.152014 169 & 555 Ak #


https://doi.org/10.12677/jisp.2026.152014

HiH %

BT E A RS . SNR % B -5 dB 15 dB W Fh L.
7E SNR =-5dB K}, H—{LEHESESWTIE 1 Fx.

£/

EEE S

0.75 4

0.50 4

0. 25

0.00

A — LR b8

-0. 25

=0. 50 1

=0. 75 1

-1.00

0.0 1.0

A /s

Figure 1. Normalized speech signal waveform
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Figure 2. 4-element uniform linear microphone array
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Table 3. Comparative localization experiments with seven methods (SNR = —5 dB)
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Table 4. Comparative localization experiments with seven methods (SNR =5 dB)
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Figure 3. Comparison of scatter plots of DOA estimation performance for seven methods under SNR =—5 dB
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