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Failure Analysis on Magnetic Heading Error of AHRS
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Abstract: Attitude and heading reference system (AHRS) is an important instrument used to measure, calculate

and provide flight attitude and heading information. Its indication accuracy directly affects the pilot's control and the

performance of autopilot. Aiming at the fault that the magnetic heading error of a certain type of heading and atti-

tude reference system is too large in the test process, in this paper, the mechanism of the system is theoretically an-

alyzed, the fault tree is established, and the bottom events are analyzed one by one through actual operation detec-

tion, so as to screen the cause of the problem, and successfully locate and eliminate the fault. The results show

that: the reason of the large magnetic heading error of the AHRS is that the meaning of the variables is confused

when the GPS signal is used to correct the output value. The design of the magnetic heading algorithm is not rigor-

ous enough, which leads to large error. The fault tree analysis method can successfully locate and check the fault.
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Fig.1 Cross-linking relationship of AHRS!H
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Fig.2 Fault tree for large magnetic heading error
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Table 1 Magnetic sensor test record
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MG b3 8 SO, WAL A 5 RE 1) A SO
[, W 22 (8 0 D AR o 0 i 4 GPS BE AT £ 1
S T AU 1)y A 8 B I S SR ) AL 1) R R AT 1B
1E, S B AT i AR v I O AR BRI R G RE L 1)
T 2 R

T A AT B B A AL RS S RS
T 1o 55 A6 WA 1) ) O 22, 55 e 5T 0 A TRAL
i i A R /INEEAR — B

PRI, AU 1 o 2 e K i) i R 52 A 1 A 170 f
SRR IR L 2 BT R 1) 2 TR 530 S PR B S R

2.4 Y IE¥EiE
P T R F 15 A A 1 B A TR AR A i ) 22 2

22 0000 F R 1 B IR A L GPS B8 R g 11 1Y)
WA R R IR 208 B 28wl A 12 R R U1 B
DA A5 R 6T A 4 B4 00 B 0 2 SR o B R b e e
BT 0 A ) i AL A R R AT TR, R RGPS
T 00 308 F AV A W8 L 1) 48 1E A 8L, i R 26 T R /R
8 I R A SR T R R R 1 AT

HOREBUES R WM R L EIRE
B W TSRS RN B T R W AE RS &, B RS
SR TT R ARG VR GPS Y3 B A A B (5 B RS
F) L 25 T L R i A% TR A B R AL 1) A Sl ORI )
FH R A B 55 A8 i Aok 1 B A 22 {1 7 ST R
AR s B e TR R R 2 0k U G AR i R R AT A )
I R 0 R, DA S O 15 25 A AL IR R
TR 22 WY e Al A AN R R B VR R Al A
A 40 S AN R

(1) GPSHi B}, i it 5 GPS 4 & R IE &4
£ ORI ) Ff A0 RS B, 7 M T B R) F Lk R B R AR
JEAR il B A& IE AL 1]

(2) GPS TEaH RS E G A st i it 5 KA
s A OOIE B A AR B OF a5 R R A
B PR E RE AT 1] 73RS B

(3) GPS FRAS B ok i, A 28 HLAH X Fa
ERATIRES TR B i i s RS M, 5
1 SR AL B R E R O 17 5 T

2.5 MK E

R 1) 525 5 % R G T L R 1 it 58 R A 17)
il B B R S, AT 2 IR R . 4%
GIB729—1989C 15 M Tt & Go ks BE VM ik ) kAT
KBV E BB IRZEA KT 0.2°(1o) , WEAT 1] 152 22
ARKF0.5°(1o) , DIfe FTE A B B T B AP
R WL 1 15 22 I A A0 e A D HE B

3 & it

(1) B0 1] 252 25 2 G0 WG 1) 1R 22 fid
R SN J2 A AL S AR TR RE R I AR AR =
BOE AT RE SR GPS 5577 i i £ BB A 1) fige
PR o

(2) 75k GPS {5 5 X554 i 5 =5 P47 7
AL 160 AR 4B TE I, 75 77 A% DX 23 00 38 A R A 16l A
75 U] 2 R AL i L A 5 A I ST A e 22

(3) 7 YRl Wit Jst A S 57 Ay 1 AL 1o 465 I fige 50
e, B T UTEER Y A0 () A 3 a8 AR A T i
S HEBR T GBI 8 a0 3k



146

Mo zs TR HE R

W12 4%

(2]

(4]

[5]

(6]

[10]

S 2% 3Lk
XU, R R AMIL A & I BOR IR AT L], i T
4, 2012, 33(2): 11-13.
LIU Zhiping, TAN Fang. Analysis of technology status quo
of national and foreign aircraft attitudes[J]. Journal of Sich-
uan Ordnance, 2012, 33(2): 11-13. (in Chinese)
IhAK AR, 28 ST MEMS/ M #%19 TC BT A 35 Ak
TR LR SRR SE, 2020, 39(11): 122-125.
SUN Yonglin, JIJANG Xin. Adaptive algorithm for attitude
estimation for UAV based on MEMS and geomagnetic[J].
Transducer and Microsystem Technologies, 2020, 39(11) :
122-125. (in Chinese)
E4 ). 3T MEMS 5 GPS i /N B % R S %3t 5 58
BID]. MR W/RIE TR, 2018,
WANG Jinlong. Design and realization of micro attitude
heading reference system based on combination of MEMS
and GPS [D]. Harbin: Harbin Engineering University,
2018. (in Chinese)
ERT . MEMS SINS/f 5k 4H 45 S0 &R G 8t
IR s W R Tl K%, 2009.
WANG Zhenyu. Design for integrated navigation system
based on MEMS SINS and magnetometer [D]. Harbin:
Harbin Institute of Technology, 2009. (in Chinese)
Feoe, JAJRHE . T MEMS (AW A2 G [T]. W
A, 2002(10) : 6-8,13.
ZHU Rong, ZHOU Zhaoying. Attitude measurement sys-
tem based on MEMS [J]. Measurement and Control Tech-
nology, 2002(10): 6-8,13. (in Chinese)
/NG BRI R ATRR OR B R UL R S
IS SHID]. Bat: Baia iR K%, 2018.
LU Xiaoyan. Design and implementation of micro AHRS

D]. ¥

based on adaptive extended Kalman filter [D]. Nanjing:
Nanjing University of Aeronautics and Astronautics, 2018.
(in Chinese)

WET . 5T IMU/GPS MBI E S % R Gt 3cit[D]. K
J& s AR, 2018.

YANG Yanyu. Design of micro attitude reference system
based on IMU/GPS [D]. Taiyuan: North University of
China, 2018. (in Chinese)

TR . FEAE AL B 2% R MBS LD
P L TR, 2007,

XU Peng. Design and implementation of attitude heading ref-
erence system of UAV[D]. Xi’an: Northwestern Polytech-
nical University, 2007. (in Chinese)

ez, 2% HERGERBTS 28 G0 th X e Y AT 1 1 22
Srela]). Mz dEE S TR, 2019(6) - 39-40.

YAO Jinbiao, PENG Huajun. Analysis on heading error in
the initial alignment for a certain type of strapdown inertial
navigation system [J]. Aviation Maintenance &. Engineer-
ing, 2019(6): 39-40. (in Chinese)

Mgl BT ROB G i AL S B RGBSR
[D]. L. R, 2012.

YANG Xuwei. Adaptive algorithm for attitude estimation
for UAV based on MEMS and geomagnetic[ D ]. Shanghai:
Shanghai Jiao Tong University, 2012. (in Chinese)

[(11]

[12]

[14]

[19]

RIE % He DSP ST HLAY SEI AT 2 2R GEAT 50 M5
[D]. Bimt: Mafias iR R, 2012,

SONG Guoan. Design and realization of strapdown AHRS
based on DSP navigation computer [D]. Nanjing: Nanjing
University of Aeronautics and Astronautics, 2012. (in Chi-
nese)

HWANG D H, SANG H O, LEE S J, et al. Design of a
low—cost attitude determination GPS/INS integrated naviga-
tion system[J]. GPS Solutions, 2005, 9: 294-311.
MARINA H G D, PEREDA F J, GIRON-SIERRA J M,
et al. UAV attitude estimation using unscented Kalman filter
and TRIAD[J].
ics, 2016, 59(11): 4465-4474.

XNHEG, ERER, WdsE, S —FIEIEIE AL A Sk
PR GBI KO I LT]. AR AR, 2017(2) : 331-336.
LIU Hongjian, WANG Yaonan, TAN Jianhao, et al. A

kind of design and application of integrated navigation sys-

IEEE Transactions on Industrial Electron-

tems for UAVs[J]. Chinese Journal of Sensors and Actua-
tors, 2017(2): 331-336. (in Chinese)

ASH M E. Draper 5 55 % fdobLA 5% P 850U ER 10 BIF 1 155 150 B
AL AT ] B 5K, 2001(2) : 1-7,15.

ASH M E. Development and recent test results of microme-
chanical inertial sensor in Draper laboratory[J]. Inertial Nav-
igation & Instruments, 2001(2): 1-7,15. (in Chinese)
RV, FE, RALSE, . BT RRZBEMNMNESE RL
(1] LRk A4, 2016, 29(4): 531-535.

WU Tao, BAI Ru, ZHU Liyao, et al. Design of AHRS
based on kalman filter [J]. Chinese Journal of Sensors and
Actuators, 2016, 29(4): 531-535. (in Chinese)

ZOkon, U R, FEAUE . ROR 2B S A S R
[M]. 742 PGAE Tl K2 A, 2015.

QIN Yongyuan, ZHANG Hongyue, WANG Shuhua. Kal-
man filter and integrated navigation principle [M]. Xi’ an:
Northwestern Polytechnical University Press, 2015. (in Chi-
nese)

KRR, G, KB MESHRE MR
ROEFELT). KT SRR, 2018, 43(9): 40-43.

DI Susu, ZENG Cheng, ZHANG Mengying. Two-step
calibration algorithm of three—axis magnetometer in attitude
and heading reference system[J]. Fire Control & Command
Control, 2018, 43(9): 40-43. (in Chinese)

CORDOBA M A. Attitude and heading refernce system I-
AHRS for the EFIGENIA autonomous unmanned aerial ve-
hicles UAV based on MEMS sensor and a neural network
strategy for attitude estimation [C] / 2007 Mediterranean
Conference on Control &. Automation. Athens, Greece:
IEEE, 2008: 1-8.

EEE T

BEORAE (1980— ), 2 b, TR . EZHF R I m it =
T,
SRILE(1994—) W LWFTAE . BRI 1] AT f 45

LIESEIIE 38

(4% : S #)



