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Attitude solution method based on Mahony and improved Kalman fusion

Liu Chun He Min Dai Lei

(School of Electrical and Automation Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: Obtaining accurate carrier attitude information is the key to improve carrier navigation and positioning. In view of the non-
gravity acceleration interference caused by accelerated motion, which cannot be solved by the traditional filtering algorithm, a posture
solution method based on Mahony and improved Kalman fusion is proposed. Firstly, the data obtained by inertial measurement unit is
used for Mahony solution, and the result is used as the measurement information of improved Kalman. Secondly, through the gyroscope
solution, the result is used as the state information of the improved Kalman to realize the attitude solution. The experimental results show
that compared with the traditional method, the solution accuracy of the method proposed in this paper is improved by more than an order
of magnitude, which can effectively suppress the high-frequency noise of drift error, greatly improve the solution accuracy of carrier
attitude angle, and has good convergence.

Keywords : attitude angle calculation; Kalman filter; Mahony filter; data fusion; adaptive sage window

TR PR L gt B0 o 0 S 25 A D Bl IR RS RE A Y
5 RTIER BETH BT AR A0 0 SR BB R, ﬁfﬁb@'ﬂ%
s B MR AST AR A A A R B ] 4 1 R S B
HED,EFEESMAM LA SNMHEGNBMARSE  BOG, FERIEAE  FFHe E -0 A5 i o ik i
T“?ZTLH]T%}U’"B’E S S AR E N FE AT 5 R = Al A B A TR R RIS AT DA AR v A I il
o THESAT RGO BRI W E R ZEAME RE . Kalman 383 B IE S A7 2 AL IR LS MM
”I'ﬂ],ﬂﬂ o] 1F 3 F WL HL &R B8 ( micro-electro-mechanical AR BT T faﬁﬁﬁqu/kgéu KN
system, MEMS) MM SRR e i i B o RS B RO 88/ Ttk 0, L i 37 & 432 R . 97 Kalman 8
S H AT bz — RAEAE S Kalman 553 1 JEA 1 3 THﬂEQJZ T PR
fRALAS B MEMS 1IR30 25 5 52 B e i) T3, MERAY Jacobi ZERE" H R IZ L AR IS & 1 T & 2y fi

0 35l

il

ki H . 2022-06-08  Received Date: 2022-06-08
FATH ARG TR S RN R a0 E ¥R B



59 1

FHF Mahony 520 Kalman Bl & AR5 B 5 1k -+ 65 -

R RG, ARG T RS 0 T2 1Y BB RE 1) 2%
FER Al F R A A S b R Kalman 735 AN
Mahony S75 74T 245 BEREAE Al G, 1207 1R 6B I o
PATCH 25 A A SRS B | R A R R R 456 S i M A
Pem ABRIZITE A 5 I8 B R G R IR R P DL e e
Kalman JE I BT 5 R 1) 5 Ik B i 22

BEXS Iz 3l 25 7 A Al E 0 BE R AR gk
BRI R BOWAS BT Ry )8, A S 41 T
—Fh3ETF Mahony AL #E Kalman Flt & B2 M8 s,
LR TR BRI A5 AR S B S8 AN A T AR
M5 &, S Mahony % JE I i 5, # b 25 BAE N
Kalman J& 0 25 A9 R AR, D4R 5 Kalman 53 AR
R RS B 3 N Sage T4 T Kalman 38 3% 535 5 F 3 B 51
15 BRILAR S 55 2 5 I8 15 St LIRS R B 25, B
T TR R SR B OSSR HE 5 AR G X SR 1Y
BRBARE S SR S AR R Rl A, B TR
PRI i BT Y 2 A AR SRS T, (L Rty 1 22 2528 Ak, B
A BT WS

1 BER

PSR A A = 2 ST AR 2 R W RAT B A B
BSNEN BB MB )RR T HRRELIRR(C &) #ib
HAFRR (G R) A, A3CC R X-Y-Z % Ll /AT
ArHT-AT- R, G FE SCAAL-AR-H 7 1], BR$E A KR
B ¢ 23 6 ZFHAR TR,

Ce =
(sinysin@cosl//) (cos’ysin@cost,/f)

cosfcosiy . . .

— sinycosy + singsiny
) sinysinfsinys cosysinfsinys (1)

cosfsinys )
+ cosicosy — cosysiny
— sinf sinycosf cosycost

PR BT HE 5] 4 45453 T DU oT B B s

PR oCE " R
q =q0 + qli + q2j + q3k
3, (2

{Z{,) q; )
K q1.q2.¢3 € R, BHEFEHT DU TCER IR SE ¢1 .q2 .q3 TiE
He—E MR, HIEHON 1,8 =" =k* =ijk =- 1, #VUITE
GEER e, o, AT FHER AN AT A .

q= [cos(;) sin(%)i sin(%)j sin(;)k:|

(3)

VU TTECRT DAkt B T 1) 0 o ) A5 5 AR [n) B, X 23

FAIEAT & ASRA, R U C R IR S A TR .

2(4q0¢3 + q1q2)
arctan —

by 1 -2(g3° +41%)
0 Gy |= | aresin(2(q0q1 = ¢2¢3)) (4)
Y 2(q0q2 + q143)

arctan

1 -2(q1° +¢2%)
2 RERME

FET Kalman 1922 745 i S0 B2 s HAEE NS B2
TR B A 2 AR Bl T A E) i 2 B AN AN 3 3
FERELAE 1 i B PRI 1 O R A R
25 LI AE B A 25 R AE O Kalman 98 3%
R, 250 AR LTS A R RO
2.1 EF Mahony WEESRAEE

Mahony 5 325 f& T 2008 4F- Hy M K F| %= & Robert
Mahony 7EX5 48 B AMIE P A 2ot Jm 32 1 A — Rl e T
FRIEAATR R PE AR L AN N R A &
B R B BRI  / NAEOIE A, H TR AR
BRI BE MRS DU AE AR b 08 D 4% 1Y i 45 i AL, A1) ]
PS54 i g %F i A 8 B SRS 65 {8 o JE AT 42 1E
IE™ BARRRE RN 1R,

RS> SIE

pilt
3
it
L% |
173
V]
it
m

El 1 Mahony 8.3k B
Fig. 1 Schematic diagram of Mahony algorithm
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Table 1 Comparison of roll angle error

ik RRREMIEL/(°) WREMEIRMEZ/(°) B2/ (°)

ik 5.859 2 0. 160 00 0.712 1
Fk2 5.373 3 0. 030 00 0.548 1
Jk3 2.7119 0. 470 00 0.683 7
Tk 4 0.329 4 0.000 41 0.020 4
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Table 2 Comparison of pitch angle error

ik RORKIREME/ () WREMEREE/ () BIMRIRE/ ()

Fk 0.161 6 0. 001 400 0.038 4
Jk2 0.369 6 0. 001 200 0.035 0
Jik:3 0.540 6 0. 051 000 0.225 1
Fik 4 0.020 9 0. 000 016 0.003 8
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Table 3 Comparison of yaw angle error

ik RORKREMIE/ () REMERREE/ () BIMRRE/ ()

Jrk 1 5.806 1 0. 260 00 0. 806 8
Hik2 5.574 4 0. 042 00 0.645 2
I3 3.015 8 0. 560 00 0.745 6
Ik 4 0.369 7 0. 000 44 0.0209
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Fig. 8 Attitude angle solution results in large range of motion
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