HA40% 3 HL T 5 AR 2 4R Vol. 40 No.3
- 46 JOURNAL OF ELECTRONIC MEASUREMENT AND INSTRUMENTATION 2026 4 3 J

DOLI: 10. 13382/j. jemi. B2508590

SRETEASNERESREESEHR

MEE ¥ OB A HAM EEFE W N ARZ
(PSR R TRE2ARE PR 710049)

i

B EERREEeREBITN I REEREE, AR, T AN N 8k 22 H, © s b 4 2T
Be, R, TEAMLAM B i FRI RS MR 7 5 B i A7 QP 25 B, ™ SRR AE T 75 2 A5 5 M B s RS R I 5 e 3903, oAy
R A ] BT 205 0 85 7 R I T P UL, B — o 2 RUBE 1) 48 75 U8 43 15 9 2% ( multi-scale gated source separation network, GSN)
R, GSN AEALR I it - 03 25 e - AL e A0, b 2 5 | ATRAT 2 RO —ZETR BE T 73 5 4 AR LI $2 22 RUBERFAIE s 70 5 A A A
JRr AR A Ry EEAOUUH AR IR A 1P R G LB 5 i ) A R 2 — e A LS R BR A B SR U5 5 . T &
AR LA A TC AL R B BRSO ) = IR G B AR LSRRI, S5 PRI, GSN AR T 445 AR S 35 40t 1 I 2% 45 32
R ERIEAE SR F9 T B R S R B8R Loy ll3E® 17 0.8~7.1 dB.1.3~9.7 dB.0. 032~0. 297 dB;
ISR B 5P Rtk IR BT R AL Y GSN BERIREA M i 52 2% TR IF I I H b e 2 75 UL, by 8 Wt sl B 4 7 2 1A Pt A1 i
FiE S,

KR . U YR AL 2 R T R 4%

HESES: TMI35 XHERFRIRED: A ERIEFRS LN 510.4030

Multi-scale gated separation network for complex sound source separation
in substation acoustic environments

Chen Ruilin  Cao Hui Zheng Xiaodong Yan Dapeng Xue Shuangsi Qu Kai Ji Shengchang

(School of Electrical Engineering, Xi’an Jiaotong University, Xi'an 710049, China)

Abstract: The safe and stable operation of substation equipment is paramount for power system reliability. In recent years, UAV
inspection has emerged as a crucial maintenance tool in substations due to its efficiency and enhanced safety. However, inherent UAV
noise, coupled with ambient environmental sounds, often mixes significantly with the vital acoustic signatures of operational equipment.
This severe interference substantially hinders acoustic-based equipment status detection and early fault prognosis. To address this
challenge and efficiently isolate substation equipment sounds from such complex mixtures, a multi-scale gated source separation network
(GSN) model is proposed. The GSN model adopts an encoder-separator-decoder architecture; its encoder incorporates parallel multi-
scale 1D depthwise separable convolutions to capture rich features across various temporal scales; the separator constructs a dual-path
structure,, comprising a local temporal modeling and a global contextual modeling, integrating their outputs via a gated fusion mechanism;
the decoder employs layer-by-layer 1D transposed convolutions with skip connections to reconstruct the time-domain signal. Experimental
validation was conducted on a tripartite mixed dataset comprising substation equipment sounds, UAV noise, and environmental
background noise. Results indicate that GSN has superior performance compared to mainstream models. GSN achieved improvements in
SI-SDR by 0.8~7.1 dB, SIR by 1.3~9.7 dB, and PCC by 0. 032 ~0.297. Furthermore, GSN demonstrated notable advantages in
training convergence speed and stability. The GSN model effectively suppresses complex interference and faithfully reconstructs target
equipment sound sources, thereby providing high-quality signals for acoustic inspection of substation equipment.
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Fig. 1 Time-frequency analysis of transformer signal
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Fig.4 Spectrum analysis of UAV signal
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Fig. 6 Training results of each model under different metrics
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Table 3 Performance comparison of different models
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Table 4 GSN model ablation experiment

R SI-SNR/dB SIR/dB PCC
Origin 1.1 1.8 0. 124
GSN-A 11.6 14.9 0. 809
GSN-GRU 11.1 14.6 0.778
GRU-Trans 10.9 14. 1 0. 761

GSN-B 12. 1 15.8 0. 875
GSN-ALL 13.4 17.5 0.923
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