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Data Fusion, The challenge of designing and implementing optimal data fusion methods that are both robust to
Inertial Navigation Systems, uncertainties and simple enough for practical deployment has become a significant topic of interest
Doppler Velocity Log. in a wide range of navigation and positioning systems. In this study, inspired by the principles of

Proportional-Integral-Derivative (PID) control theory and integrating them with the conventional
structure of the standard Kalman filter, we propose a novel data fusion approach. This method is
specifically designed to improve robustness against measurement uncertainties from the Doppler
Velocity Log (DVL) sensor in an integrated marine navigation system based on INS/DVL. The
proposed approach aims to enhance the system’s resilience without introducing excessive
computational complexity. Simulation results demonstrate that the integrated navigation system
using the proposed algorithm outperforms traditional Kalman filter-based systems in terms of
accuracy and response time, particularly under conditions involving sensor errors or uncertainty.
These findings highlight the potential of the method for real-world applications in marine
navigation scenarios.

Extended Abstract
1. Introduction

nderwater navigation has long been a critical challenge due to the absence of GPS signals and the

vulnerability of acoustic sensors to environmental disturbances. A widely accepted solution is the

integration of Inertial Navigation Systems (INS) with Doppler Velocity Log (DVL) sensors. Although the
Kalman filter is conventionally employed as the core data fusion method in such systems, its practical performance
often deteriorates in the presence of modeling errors, noise uncertainty, and unexpected DVL disturbances. These
limitations underscore the need for robust yet computationally efficient alternatives capable of maintaining
navigation accuracy in challenging underwater conditions.

2. Methodology

To address this problem, a novel Proportional-Integral (PI)-based data fusion scheme is proposed. The
approach is inspired by the well-established principles of PID control and modifies the structure of the
conventional Kalman filter by embedding proportional and integral components directly into the estimation
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process. This hybrid structure provides additional robustness against systematic DVL errors and stochastic noise
while avoiding the complexity typically associated with advanced nonlinear filters. The proposed architecture is
depicted in Figure 1, which shows the integration of INS and DVL with the PI-based fusion mechanism. This
design ensures that the algorithm remains suitable for real-time deployment in autonomous underwater vehicles,
where computational resources are limited.
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Figure 1. Schematic of the proposed PI-based data fusion algorithm for INS/DVL integration

3. Validation

The performance of the proposed algorithm was evaluated through extensive simulations reflecting realistic
underwater conditions. As illustrated in Figure 2, the test scenarios included trajectory tracking under nominal
conditions, the presence of DVL bias drift, random measurement noise, and abrupt sensor outages of varying
duration. For benchmarking, the PI-based method was compared against the conventional KF-based method under
identical conditions. The validation procedure was designed to assess accuracy, stability, and responsiveness under
both nominal and degraded sensor performance.
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Figure 2. Simulation setup for INS/DVL integrated system under disturbance and sensor outage scenarios

4. Results

Simulation results demonstrate that the PI-based fusion approach consistently outperforms the conventional
KF-based method. As shown in Figure 3, the proposed method achieves lower attitude error and faster error
convergence compared with the conventional KF-based approach. Furthermore, the recovery capability following
DVL signal loss is highlighted in position error in Figure 4, where the PI-based algorithm exhibits superior
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robustness and quicker stabilization after sensor outage. These improvements are obtained without increasing
computational cost, confirming the practicality of the method for real-time applications.
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Figure 3. Comparison of attitude error (yaw error) between the proposed PI-based method the conventional KF-based method
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Figure 4. Comparison of position error between the proposed PI-based method and the conventional KF-based method

5. Conclusion

This study presents a robust and computationally efficient PI-based data fusion algorithm for INS/DVL
integration in underwater navigation systems. By bridging concepts from control theory and statistical estimation,
the method enhances resilience against uncertainties that challenge traditional Kalman filtering. The promising
results obtained in simulation highlight its potential for real-world applications in autonomous marine vehicles,
offering both accuracy and robustness under unpredictable operating conditions.
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