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ABSTRACT

Global Navigation Satellite System (GNSS)-synchronized surface buoy networks using Time Difference of Arrival (TDOA)
provide an effective solution for underwater localization in GNSS-denied environments. However, most previous studies
have focused on planar or depth-invariant target motion. Practical underwater operations often involve targets moving at
varying depths and irregular measurement updates due to acoustic channel conditions. This paper analyzes the localization
characteristics of a GNSS-synchronized surface buoy TDOA system for underwater targets at varying depths. A three-
dimensional simulation framework is developed to investigate the effect of target depth variation on measurement geometry
and horizontal position error characteristics. In addition, the impact of irregular measurement updates on Extended Kalman
Filter (EKF)-based tracking performance is examined. To mitigate depth-induced uncertainty, a depth aiding scheme using
pressure sensor measurements is incorporated into the estimation framework. Simulation results show that target motion
at varying depths leads to non-uniform horizontal error behavior even under regular update conditions, and that irregular
updates can further amplify tracking instability. The application of depth aiding effectively suppresses horizontal error growth
by constraining depth uncertainty and thereby improves overall estimation robustness. The results provide practical insights
for the design and operation of GNSS-synchronized surface buoy TDOA localization systems in three-dimensional underwater
scenarios.
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Fig. 1. Conceptual diagram of GNSS-synchronized buoy TDOA localization
system in a three-dimensional geometry.
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Fig. 3. Depth-dependent horizontal geometric uncertainty at
representative positions.
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Fig. 5. Comparison of horizontal positioning error for different depth

motion scenarios.

Chul Hyun et al,

Fig. 4. Three-dimensional target trajectories for different depth motion

scenarios.
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Fig. 7. Effect of depth aiding on horizontal positioning error.

Fig. 6. Effect of measurement dropout on horizontal positioning error.
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