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Abstract [ Objective ]  Water pipeline leakage significantly impacts water resource efficiency and supply security, urgently
requiring high-precision leak localization technology to improve pipeline operation efficiency. Acoustic location technology, as the
current mainstream leak detection method, has its positioning accuracy significantly affected by the synchronization precision of
acquisition equipment. Traditional network time protocol (NTP) can only achieve millisecond-level precision, while global navigation
satellite system ( GNSS) timing, though capable of nanosecond-level precision, often fails to function normally in underground pipeline
environments due to signal obstruction. Therefore, this study aims to propose a synchronization acquisition method that does not rely on

GNSS signals, solving the time synchronization problem of distributed acquisition systems in complex environments, achieving high-
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precision leak localization, and providing technical support for intelligent operation and maintenance of water supply networks.
[ Methods |

acquisition method based on excitation signals. First, a theoretical model for leak acoustic time delay estimation was established,

This paper addressed the time synchronization issue in multi-point acquisition systems by proposing a synchronization

analyzing the impact mechanisms of sampling rate, quantization precision, and time synchronization errors on positioning accuracy.
Then, a synchronization acquisition algorithm was designed, which achieved phase calibration and synchronization reference
establishment by applying known periodic excitation signals to pipelines. A wavelet transform-based signal processing method was
proposed, achieving high-precision time synchronization through three key stages including signal preprocessing, feature extraction and
identification, and phase calibration and delay compensation. A hierarchical synchronization acquisition process was designed,
combining NTP, GNSS timing, and excitation signal synchronization to ensure high-precision time synchronization under various
environmental conditions. [ Results]  Experimental results demonstrated that with typical sound velocity (V)= 1 500 m/s in water
pipelines, time synchronization error can be controlled within 0.67 ms, achieving leak position error control within 1 m.
[ Conclusion ]

The proposed excitation signal synchronization acquisition method does not rely on GNSS signals, can compensate for

device clock bias, is not affected by historical cumulative errors, and provides a new technical approach for water pipeline leak acoustic

positioning.

Keywords water supply pipelines network acoustic detection
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Fig.9 Excitation Signals Loaded with Resonant Acoustic System
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Fig. 10 Acoustic Signals Acquisition after Loaded with Excitation Signals
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Fig. 11  Identification and Localization of Excitation Signals
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