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UKF Two-stage Estimation Algorithm for Heading and
Attitude of Linear Plant Protection UAV
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Abstract; Aiming at the problems of serious magnetic field interference, poor dynamic performance of
magnetometer calibration and low accuracy of UAV attitude estimation, a two-stage heading and attitude
estimation method based on real-time magnetometer calibration was proposed. According to the
characteristics of small variation of geomagnetic field vector, the real-time calibration model of
magnetometer was established by using Levenberg — Marquardt (LM ) algorithm and magnetometer error
model, and the error parameters of magnetometer were calculated in real time. Considering the
disturbance of motion acceleration, motor magnetic field and environmental magnetic field, the unscented
Kalman filter ( UKF) was used to fuse gyroscope and accelerometer to realize the first-stage attitude
estimation, and the attitude information of roll angle and pitch angle was accurately analyzed through
quaternion. The second-stage attitude estimation combined the real-time calibration data of the
magnetometer and the gyroscope to correct the heading angle, and finally realized the accurate estimation
of the UAV attitude and heading. The test results showed that when the external magnetic field
interference was up to 30.97 T, the real-time calibration algorithm can still quickly calculate the
calibration parameters of the magnetometer, and the mode length root mean square error was 0.59 pT,
which reduced the noise of heading observation information. The root mean square error of the attitude
angle of the attitude measurement system was no more than 0. 75°, and the root mean square error of the
heading angle was 1.40°. Compared with that of complementary filtering algorithm, the attitude angle
accuracy was increased by 0. 6°, and the heading angle estimation accuracy was improved by 1.38°. In
the dynamic flight test, the attitude estimation algorithm greatly reduced the influence of magnetic
interference, the attitude tracking was accurate, the heading angle converged quickly, and the steady-
state accuracy was higher.
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WA £ 1.30 5.47 0.90
VR A 1.38 7. 06 1.05
1) £A 2.78 9.61 1.44
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Tab.4 Flight test results of hierarchical fusion

algorithm (°)
€N ¥R 22 KR 2 e 2
W0 £ 0.75 3.32 0.54
FEVE £ 0. 66 3.37 0.52
i 19 £ 1. 40 6.63 1.08

i 3.4 v g0, A SCHR I 9 3L T UKF 43 St &
SR ) B AUAT DR TG A WL I i 3R A A T
R ZEAR R T 0.75° Ml M ¥ iR 228 1.40°,
HEAMNEEE LA, R A S AR T
240 6° i k] £ RS B BT 1. 38°, I ELAL 1l £ 5% A it
LA/ T 2. 98°,

Y 1 P05 Wil i 25 Ak NG BE B TR, B i T — Ak
TG D) TE 5% IR AE B A B R SR, R b
Yok i AR AL G 0% B R L, (T LMK S 5 R
DR HE S 80 R S RN T R R 2 U8 R A
S5 7N Bl W v R =k g O AR R BT TR A
RO %

(2) R HLALAE T P U8, i B i 8 DN B B
PTG . I S5 R R, TR R T 2 ik
30. 97 wWT I, S A A o B8 e A AR AT DA PRk 1 8 1
TR UES B AR TR R 224 0. 59 pT, fie Kk
2200 6. 17 wWT 4 1 1) £ LI 45 ELRS B2 o
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