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Abstract:

Underwater vehicles (submersibles) typically have a wide range of commercial and military applications. Due
to the limitations of satellite-based navigation systems underwater, the navigation and positioning of these
vehicles pose significant challenges. One of the most effective and widely-used methods without spatial
constraints for positioning such vessels is the integration of an Inertial Navigation System (INS) with a Doppler
Velocity Log (DVL). In this integrated navigation system, the DVL calculates the vehicle's velocity vector,
the accuracy of which is crucial for overall navigation precision and aids in estimating the navigation system's
state variables. This study proposes a data-driven Convolutional Neural Network (CNN) approach for
regressing the DVL-estimated velocity vector, which enhances estimation accuracy and can replace
conventional model-based estimators such as the Least Squares (LS) method. The proposed method utilizes
current DVL beam measurements and inertial sensor data (from accelerometers and gyroscopes) to estimate
the vehicle's velocity. Simulations and experiments were conducted using real DVL data to validate the
proposed method against the model-based approach. The results demonstrate that the proposed method
achieves an improvement of over 60% in estimating the DVL velocity vector.

Keywords: Doppler velocity log, Integrated navigation system, Convolutional neural network, Deep
learning.
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! Inertial navigation system
2 SINS; Strapdown Inertial Navigation System
% Gyroscope
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5 LC; Loosely Coupled

” Beam

8 EKF; Extended Kalman Filter
9 UKF; Unscented Kalman Filter
10 Calibration
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! LBL; Long Baseline

2 LSBL; Ultra-Short Baseline

% Tranducer

4 Filter

% INS/DVL; Inertial Navigation System/ Doppler Velocity Log
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4 LSE; Least Squares Estimator
5 Convolutional
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L IMU; Inertial Measurement Unit
2 NavNet; Navigation Network
¥ AHRS; Attitude and Heading Reference System
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