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Improved complementary filter attitude algorithm
based on Huber robust estimation

Guo Qingrui'  Zhang Zheng'> Huang Weihua'® Li Lei'

(1. Institute of Robotics and Intelligent Systems, Wuhan University of Science and Technology , Wuhan 430000, China;
2. School of Information Science and Engineering, Wuhan University of Science and Technology, Wuhan 430000, China)

Abstract: Aiming at the problems of inaccurate attitude estimation and noise in the estimation of a standing ball robot during slope
motion due to the system oscillation orientation, an improved complementary filtering algorithm based on Huber robust estimation is
designed. Firstly, the dynamics and kinematic performance of the standing ball robot on the slope are analyzed. Secondly, Huber robust
estimation is used to suppress the interference noise caused by the fuselage oscillation during the climbing process of the standing-ball
robot, and complementary filtering is improved to solve the attitude. Finally, in order to reduce the interference of magnetometer output
instability to attitude calculation, a data smooth switching method is designed. The experimental results show that compared with the
complementary filtering algorithm, the proposed algorithm improves the estimation accuracy of pitch Angle, roll Angle and yaw Angle by
24.82%, 11.73% and 35. 65%, respectively. The algorithm can effectively suppress the noise caused by the body oscillation during the
sloping motion of the standing ball robot, and can ensure the accuracy and real-time performance of the attitude solution.
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Fig. 1  Standing ball robot
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Table 1 Parameter definition of ball standing robot
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Fig.2  Plane projection of standing ball robot
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Fig.3 Force analysis on XOZ plane of spherical standing robot

s BRALAR A2 B LR R 8 S35 T Fyy 32
FERR M A1 5 52 B EE R T1 00 50 0 Fy R F, | Sl de i)
FEIHE M, ALE BRI 4E M, RS 5% BR AV 2l B g 4
M AER L3RS AU 4 ) e it i — %€ RO 52 s S T,
MTETRGEMRN IR, ARG ERES
BT RTRGHIR S Iy FE A, 5w i BH 7y JE 6 o BR AL 4%
NSRRI IRIR S M, M, RV M 5350000

M, =18,
M, =10 (9)
M, =18,

VWL HERRIR S M 6,  HLE i fEE 6, 42 n)
FeRIS W FARE 0, FI SRR BT RHAT [0 B OLFS 2, 55 4
NSEAR N AR AR HE D D SRR R 2 B SRR 3l Bk
Pls NBIRE DT RE N «

F,-R+M -T=0
M, +7T~-(m, +m,)g(R +r)cosf =0

10
F,-r+M, -7=0 (10)

1

_(muv+mb+m5)g+F:‘\‘:0

Sl ERALAS AN e b AU SCHE RS R, 4 1) 5
5Bk A B R T SRR A B ), R IK
B AR R ALEK Bl 4 1) F P AL | SO SN SRR S R
Yo Z MR ] F, S 2808 A de 5 S BRA DT
], PRI mER ML A @ i 72 v 45 245 1 B Y
YT F .

T - M,

T _M1l/
F = cos 'a - cos +
R

(11)

IR R ol BRALAT A A ) 48 5 SRR 2 ) R AE
FREES I LS AN IAT HLAG A R 18 4o B #521R 4 b 9K 2y
SCPEER i Bl EE R L N i 2 i U™ EH
P, O T s BRALAS NS e rp IR 2R 3l ol 5 ™
A B EE T BT EE R ) i B R AL, K SRR S
T, 2 (i) 58 5 ST R 2 1) 7 A 1) B R BE 45 ) AT Ok
BN, AR S KR F L, N

F._ =u,Fycos'a - cosh +u,(m, +m,)gcosd (12)

FErb, g O SO ERAG AR 22 6] B4 R A DR R, e,
Gl F 5 ST HERR 2 [A]  EE A R AR

ZALTR G, PR Bl BRI & A CH R AR R AR Shint
HLBILE 1 AR T AR R

F_+R-r+M -r-cos'acosh + M, - R

(R + rcos ™' acosf)

T <

(13)
B ERAL R NSRBI 1E T AU L ) 9 B R BRI T
T T o HUHBRHLER NBITRBLECRE T > 7, F, LA A
Koo B sh B4 B R G o) s 2 7 < 7, WA
SRRERSTH BRI SRS  (FUE A 7 d /e S EhLas Ak
EJA s PR R G R W B BE . i3 (6) ~ (8) Firm
sl BRALAS A 1912 B A B8 I3 B i £ TE3 o 78 b s
BRI R H B RS OR R, D, O TR
e Ut ERBIL A NS 25 ) 0 i 7 JRE G S R T —
FE R, B, 3 ERPL A A BENE 23X (14) Fron s
BLE IR T BRI PE . BEAh, ol T b ER AL AR B3
SRR LB IR 55 91 5 | AT 0 | DT 522 Wi 2l Bk
BLAS LS iR

2 KNSR ARNESHRERE

ARZRGEH, d AL LR S A% i ) SCEEERIR S
P BE IR g B2 T AR g 3 [m) 52 BEALAR A HIL B 2825
SHRRI A, e BT S BT R o B R DR S A L
FMNIE B RIE S B ERLAS N RS MR, SR, 2ol Bk
PLEF AAE S S AES iz shad 7 v, KBl e 1 Sl EE 5 22 5
AP AN I S Ml LA i il e T 1 s e 4
1 ML B IR B 5 | ARYEFT . %5 [ 3] Huber S 45fl11A
ARG T PERE ST, A SCKE Huber & #2115 A3



53 3

JET Huber S P AT A SO BAME DR MR - 161 -

bt Bk AL AR LA TRk b, st T AT
Huber S F Al et EAMIE BRI, Uk A5t an el 4
fizs . M Huber SR AN SRR 5 2 e 2
(] by T S BE 5 R 1) T AU A A PR IR S8 2 A T S
PERYEERN 42 s ERPL 8 B SR AORS E

WAt PL H4pE

[ sk B
r—==" | T
ﬂuiEIEHLJ | [ |1, [ et
e e
| |
- ook L[| |
AR Sk PR |
| |
Huber g
fhit

K4 ARG

Fig. 4  Structure block diagram of attitude calculation algorithm
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Fig.5 Coordinate system diagram of standing ball robot
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Fig.7 Attitude angle output of slope self balance experiment
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Fig. 8 Attitude angle output of climbing experiment
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Table 3 Root mean square error of

attitude in climbing experiment
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