22 % 12 e G TR Vol. 22 No. 12
2014 412 A Optics and Precision Engineering Dec. 2014

XEHS 1004-924X(2014)12-3384-07

SREBESHBEEPHOXHBENMY B Kalman Hi%

(1.7 ERFR KELFHEENREDERRE, M K& 130033;
2. FERFR AF,LE 100039;3. KA TR ¥k A 5FEEIREFR, F4#H K& 130012)

FEE 2 T — Mtk Sage-Husa Hi& W Kalman 38 595 . T ORIE 2 e 3 T0 A HLTE W 7 S8 1T R v o 1 FLIEAE |
Peg h F BRI LB BB E AT SR T AT RS AR R B SR E M. R RE R F ROVl R 4 P 1R AL
SEH Bl A RO LA T A AG T R GRS T 2% 5 T SR B 38 I U I R A A T 0 MR P T 2 AT DR TR I R RS
e 2 T 5 [V B 5 | A0 I 2 W S 00 45 4 9 R 8 Kalman I8 4 B30 30 SR 40 1 i i & 1. RUAT S 96 55 40 A e . Ak B vk
SRS R AN £ 5 R T A T AR AR 22 20 o 1. 722°F0 1. 182°, WA WAL T8 MLAY Sage-Husa H & M JE A WL, SC86E s
WO I R I VR AR S RS B R LB AT T AR L BRAE E R Z e R AL H I AT I B A S AT E Y.
L T T E s AR R S SN E BN R R,

X 8B W:EAALANEESMIL; A BB ;Y & Kalman 8%

B 4% S .V448. 22; TP301. 6 X EEARIRED A doi: 10. 3788/OPE. 20142212. 3384

Improved adaptive extended Kalman algorithm for
attitude estimation of multi-rotor UAV

ZHANG Xin"?*, BAI Yue!" . ZHAO Chang-jun’?. WANG Ri-jun’?.GONG Xun'. XU Zhi-jun’

(1. Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun 130033, China;
2. Uniwversity of Chinese Academy of Sciences. Beijing 100039, China;
3. School of Electrical and Information Technology,
Changchun Institute of Technology, Changchun 130012, China )

% Corresponding author, E-mail: baiy@ciomp. ac. cn

Abstract: An improved Sage-Husa adaptive extended Kalman filter algorithm is proposed to ensure the
precision and stability of calculating attitude angles of a multi-rotor Unmanned Aerial Vehicle(UAV)
under the actual flight conditions, such as unknown and time-varied noise statistical properties, main
disturbance source in vibration and attitude angles high dynamically changed. The algorithm uses atti-
tude angle variance estimated by a gyroscope in real time to estimate system noise variance and only a-
dopts an adaptive filter algorithm to estimate measurement noise variance on-line to ensure the preci-

sion and stability of filtering. Meanwhile, it introduces the criterion of filter convergence to restrain
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the divergence of Kalman filter through combining with a strong tracking Kalman filter algorithm. A

flight experiment and corresponding analysis show that the root-mean-square errors of the pinch and

roll angles estimated by the improved algorithm are 1. 722° and 1. 182°, obviously better than that of

the conventional Sage-Husa adaptive Kalman filter algorithm. It concludes that the improved algo-

rithm has strong adaptive ability, good real-time performance, high precision and reliable operation. It

meets the need of multi-rotor UAV autonomous flight and can be applied to other navigation informa-

tion measuring systems with high dynamic performance requirements if the parameters are modified

appropriately.

Key words: multi-rotor Unmanned Aerial Vehicle(UAV); attitude estimation; adaptive filter; extend-

ed Kalman filter
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