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Design of a Kalman Filter Application System Based on
Linearity Judgment for Improving Low-earth Satellite
Positioning Precision
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Measure the movement of
unmanned objects by satellite

Determine linearity
through comparison of
rate of change

Linear Non-linear
movement movement

Apply
Unscented Kalman Filter

Save
filtered movement

Apply
Extended Kalman Filter

I
’ Extended Kalman Filter

Visualize the results

Fig. 1. Flow chart of proposed system
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Code of linearity judgment
11 check_interval =
2: filtered_measurements = zeros(steps, 3);
3:  fori=1:check_interval:steps
4: if i + check_interval <= steps
5: start_time=(i—1) *dt;
6: velocity_chage = (satellite_measurements
(i + check_interval, :) - satellite_measurements(i, :)) /
(check_interval x dt);
7:  if max(std(velocity_change)) < 0.3
Fig. 2. Code of linearity judgment
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IMU data generation and storage code

imu_data = zeros(steps, 3);
fori=1:steps
imu_data(i, :) = [vx, vy, vz];

Rwnz

end

Fig. 3. IMU data generation and storage code
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IMU data Kalman filter application code
1: vz_ext=vz+imu_data(j, 3) x dt;

21 vz_ext=vz+imu_data(j, 3) x dt;
3: vz_ext=vz+imu_data(j, 3) x dt;

Fig. 4. IMU data Kalman filter application code
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The movement of object and the position corrected by filter (2D)

The actual movement of object
—®— Filtered position

51 ®  Satellite-measured position

® Start

® End

Fig. 5. Code execution result(2D)
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Table 1. RMSE and efficiency of simulations 1 to 10

Before After

sirT,:lSI-a(t)ifon correction correction Efﬁ(c%)e)ncy
RMSE RMSE
1 0.2626 0.0491 81.3
2 0.2606 0.0575 78.0
3 0.2579 0.0564 78.1
4 0.2591 0.0520 80.0
5 0.2620 0.0621 76.3
6 0.2614 0.0510 80.5
7 0.2554 0.0964 62.2
8 0.2592 0.0745 71.3
9 0.2563 0.0745 701
10 0.2628 0.0646 75.4
4. 4E
2 =2 1LXH—J]EH§:% A S AEE
FHS g, AH Y &5 HPHL A7kol et w
Grelm B 2 A W By 0% BEE 48
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The movement of object and the position corrected by filter (3D)

The actual movement of object
—®filtered position

®  Satellite-measured position
15 (4 ®  Start

Fig. 6. Code execution result(3D)
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