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ABSTRACT

This study analyzes the effect of pre-outage maneuver strategies on Inertial Navigation System (INS) / Doppler Velocity Log
(DVL) integrated navigation performance under DVL-loss conditions. Maneuvering motion can improve the excitation of
navigation error states and parameter estimation performance in integrated navigation systems. However, improved parameter
estimation does not necessarily translate into enhanced navigation accuracy during the subsequent dead-reckoning phase
under realistic underwater operating conditions. Three representative maneuver patterns, namely straight, zigzag, and
single-turn trajectories, are comparatively evaluated under identical operating conditions through Monte Carlo simulations
using a horizontal-plane 3-DOF INS/DVL framework that estimates DVL yaw misalignment and yaw-rate gyro bias. A phase-
wise evaluation framework is adopted to separately quantify state estimation gains during the maneuver phase and error
propagation behavior during the DVL-outage phase. The results show that maneuvering patterns with heading changes
improve DVL yaw misalignment estimation, while they can also increase maneuver-induced position-error cost. In particular,
the single-turn maneuver shows DVL yaw misalignment estimation improvement comparable to the zigzag maneuver, but its
post-outage navigation benefit remains limited. These findings indicate that pre-outage maneuver strategies should not be
evaluated solely by estimation-error reduction. Instead, maneuver strategy design for INS/DVL navigation under DVL-loss
conditions requires a cost-benefit perspective that jointly considers estimation improvement, maneuver-induced position-
error cost, and post-outage navigation benefit.

Keywords: INS/DVL integrated navigation, DVL outage, underwater navigation, maneuver strategy, state
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Table 1. Key simulation conditions for maneuver comparison.

Parameter Symbol Value

Motion model Horizontal-plane 3-DOF
Maneuver interval P, 150-300 m

DVL outage interval P, 300-750 m

DVL yaw misalignment  a,,; 2.0deg

Yaw-rate gyro bias b, 0.010 deg/s with random walk
DVL velocity noise std. Opy1 0.015m/s

Monte Carlo runs Nyc 100
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Fig. 1. Phase-based maneuver trajectories.
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Fig. 2. DVL yaw misalignment estimation error.
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Fig. 3. Yaw-rate gyro bias estimation error.

Fig. 4. Horizontal position error during DVL-denied navigation.
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Fig. 5. Phase 3 position error increment under different estimation
conditions.

Table 2. Phase 3 position error increment under different estimation
conditions.

Maneuver APp;,00) [m] AP, P3(est) [m] AP, P3(comp) [m] B, [m]

Straight 5.697 5.730 7.384 -0.033
Zigzag 28.587 7.034 7.112 21.553
Single-turn 6.843 7.313 8.008 -0.470

Table 3. Maneuver excitation, estimation improvement, and maneuver
cost by scenario.

Maneuver J,,,[-] Ae,[deg] AP, [m]
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