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In this paper, we propose a method to improve the
mine detection accuracy of underwater drones in

the underwater environment by applying the extended
Kalman filter. Matlab code-based simulation showed
that when an extended Kalman filter was applied, the
accuracy was improved by 27 % when detecting
underwater mines, and errors caused by complex
variables in the underwater environment such as
temperature, pressure, and noise could be effectively
corrected. This means that EKF can provide reliable
detection results in a variety of underwater
environmental conditions. Finally, we presented ways
to apply the extended Kalman filter to underwater
drones and future research tasks.

31254 20t TEY(Extended Kalman Filter),
& EE(Underwater Drone),
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=2 Sk (Underwater Environment)
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process noise covariance matrix(Q),
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)
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Fig. 1. Matlab code-based simulation flowchart
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Table 1. Basic steps of the EKF system[8]

Stage Description

Step 1 Initial state estimates and error covariance
Start settings
Step 2 Predict current status and error covariance

Prediction stage using the system model

Step 3 Use the measurement model to obtain
Measurement measurements and predict measurements
phase in prediction states

Calculate the Kalman gain by considering

Cal?ntzr? 4ain the uncertainty between the measurements of
9 the predicted state and the measurements of
calculation .
the predicted state
Update state and error covariance to correct the
Step 5
Update stage error between the measured value and the
measured value of the predicted state
St(_ep 6 Return final status and error covariance
Termination
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Quantitative aspects of improving accuracy of mine detection
underwater drone systems using EKF

1: num_mines = 100; % the number of mines laid on the
underwater
detection_threshold =0.1;
errors_no_filter = zeros(num_mines, 1);
errors_kalman_filter = zeros(num_mines, 1);
fork=1:3
total_error_kalman_filter = temperature_error +
pressure_error + noise_error;
7 x_pred = x_estimated;
8: P_pred =P_estimated + Q;
9:  z=total_error_kalman_filter;
10: K=P_pred/ (P_pred +R);
11: x_estimated = x_pred + K * (z - x_pred);
12: P_estimated = (1 -K) % P_pred;
13: end;
14: errors_kalman_filter (i) = total_error_kalman_filter;
15: end;
16: detected_mines_no_filter = sum(abs(errors_no_filter) <
detection_threshold);
17: detected_mines_kalman_filter =
sum (abs (errors_kalman_filter) < detection_threshold);

Fig. 2. Quantitative aspects of improving accuracy of
underwater drone system for mine detection using EKF
Matlab code
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Fig. 3. Mine detection results in quantitative aspects
based on EKF application on Matlab

Table 2. Total and average of the combined errors based
on EKF application on Matlab

EKF is applied EKF is not applied

Sum of Average of Sum of Average of
error error error error

9.2722 0.0927 11.1841 0.1118
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Qualitative aspects of improving accuracy of mine detection
underwater drone systems using EKF

A=eye(2);

B =zeros(2,1);

H=eye(2);

Q=0.01%eye(2);

mine_accuracy = 0.05;

R = (mine_accuracy”2) xeye(2);

x_hat = [0; 0];

P=eye(2);

num_mines = 50;

10: noise_magnitude =0.1;

11: theta =rand(1, num_mines) * 2 * pi;

12: fork=1:N;

13: x_true = Axx_true + Bx0.1 + sqrt(Q) *randn(2,1)
14: z=H=#x_true + measurement_noise

15: x_pred = Axx_hat + Bx0.1;

16: P_pred = AxPxA’+Q;

17: K=P_predxH'/(H*P_predxH’ + R);

18: x_hat =x_pred + Kx(mean(z, 2) - H*x_pred);
19: P = (eye(2) — KxH)*P_pred;

QNPT AN

Fig. 4. Qualitative aspects of improving accuracy of
underwater drone system for mine detection using EKF
Matlab code
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Fig. 5. Mine actual location estimation status results in qualitative aspects based on EKF application on Matlab
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