%45 % F 34 L AR X FFROERAAF R Vol. 45 No. 3
2026 % 6 A Journal of Shandong University of Science and Technology(Natural Science) Jun. 2026
DOI:; 10. 16452/j. cnki. sdkjzk. 2026. 03, 011 NERS:1672-3767(2026)03-0111-12

JEFIUTE R A B RIR 2 08D R Y
Bl%E% 5 A8t ucil

EeE L0 RLE ORLE ORL,EES L HIIE LN OF

(1. FEEBHEFARMNG LA F8 266112; 2. FHREXY At FIRFR..LA 85 266061)

H EHNELAAREMEGHEMNZER. AHARBE—FHATOAKAELY R FTREELS
(AEKP) WAL FE RAE T FE, B ETIRR ARG A AR BERHERITREAMMEOLIB E AR T

AR A B A ik F R A RE T, B ik E Ao mE R AR A FHATHIE, KRG A A ik EF
M A AE 2B B A ik EBEATIRA PR AEERER TSR AEKF 69 B0 R 5 s £, ﬂw.é%"ﬁﬁr
ARG, R RN TR T HELRBRIE, RBRLAREAV . MELF ZRWEMA BFRALREG A EHER

BT A A A 0.03°.0.03°,0. 1°, ES SFRIETHE 5 A 4 0.05°,0.05°,0.2°, KHF T He) AEKF 7 & &
HEFOHRBREMER R EDEFRET HETATELARZRAEAFRZEAE(ESKD xR0y &
FRZEEBEKD R MERF 2%, W0 A0 ZHE S AR5 28.6%.50%  BHE A w245 JE 5 7 42 5t
28. 6% .50% ALk M EME SRR 23. 1% A8 TU  THEHHED T TMENEHETE K, AR &7
HAERE RETARA T RAKE G LERER AR,

XBRMELALZA AR AERT R FRIBRALE  BASREAME BN E AL

HE S S :U666. 12 M EARERED A

Design of a quaternion-based adaptive extended Kalman filter

algorithm for attitude and heading reference systems
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Abstract: To meet the demand for high-precision attitude and heading measurement of maritime unmanned

equipment, this study proposed a quaternion-based adaptive extended Kalman filter (AEKF) for attitude and
heading reference system (AHRS). Firstly, based on the errors of low-cost micro-electro-mechanical systems
inertial devices, this study selected quaternion, gyroscope bias and accelerometer bias as state variables, and
integrated acceleration and magnetic field strength as observational quantities for correction. Secondly, by
leveraging measurement innovation characteristics of acceleration, the motion-induced acceleration was identified

and the adaptive weight factor was designed to adjust the measurement noise covariance of AEKF, thereby

optimizing the attitude algorithm process. Finally, the AHRS’s hardware were designed and sea experiment

verification were carried out. Experimental results show that the accuracy of pitch, roll and yaw angles of the

three AHRSs is 0. 03°, 0. 03° and 0. 1° respectively in static environments, and 0. 05°, 0. 05° and 0. 2°respectively

in dynamic environments. The proposed AEKF method exhibits good sensor error compensation effect. In
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dynamic environments, compared with the AHRS based on conventional extended kalman filter (EKF) and
variable structure error state Kalman filtering (ESKF), the proposed AHRS’s measurement accuracy of pitch
angle improves by 28.6% and 50% respectively, the measurement accuracy of roll angle by 28.6% and 50%
respectively, and the measurement accuracy of yaw angle by 23. 1% and 48. 7% respectively, which can meet the
accuracy requirements of attitude measurement in highly dynamic scenarios. The AHRS designed in this study
can be applied to the field of attitude control of unmanned equipment.

Key words: attitude and heading reference system; quaternion; adaptive extended Kalman algorithm; sensor error

compensation; micro-electro-mechanical systems
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