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Cross product calibration method for gyroscope in magneto-inertial
navigation system of UAV
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Abstract : The tri-axial MEMS gyroscope in the magneto- inertial navigation system ( MINS) of unmanned aerial vehicle (UAV) needs to
be calibrated. To solve this problem, a cross calibration method is proposed, which is based on the relationship between the angular
velocity and the time derivative of a vector to calibrate errors of gyroscope. The time derivative of a constant vector in the navigation
coordination frame can be expressed by the cross product of the vector itself and the angular velocity of the aircraft-body coordinate frame.
The cross calibration method is derived from the above principles, which can calibrate the tri-axial gyroscope efficiently without precision
equipment. Numerical simulation results show that both the integral form and differential form of the cross product calibration method can
effectively identify and compensate the error coefficients of gyroscope. And promising calibration results can be achieved under the
influence of various factors. Experimental results on the gyroscope of the MINS module show that the accuracy of the proposed method can
reach 0. 2279°/s, which is close to the conventional method based on the rate table. The calibrated gyroscope data are combined with the
second-order complementary filtering algorithm in the flight control of a rotor UAV. The angle deviation is controlled within 0. 8° in the
fixed-point hover state, which is conducive to the in-field calibration of UAV and the measurement of the attitude data in real flight.
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Table 1 Parameter estimations of different calibration
methods (o, =0.1 pT)

gy L b

3f sy O 1.099 890 0.014 998  ~0.024 997 [ 5.999 999

;; 00° [-0.009999  0.999900  0.034 997 [F-2. 000 0005

- [10.019998 -0.029997  0.949 9051 [ 4. 000 000l

sy O 1.099.890  0.014998 ~0.024 997 [ 6.000 000

00° [0.000999  0.999 901 0.034 996 [F-2. 000 0005

0.019998 -0.029997  0.949 90501 [F-4. 000 000l

sy O 1.099 929 0.014 999 -0.024 998 [ 5.999 999

12 1g0e [0.00099  0.999 936 0.034 998 [F-2. 000 0005

% 00.019999 -0.029998  0.949 93911 [F-4. 000 000l
-

i 54 []1-099939 0014999 ~0.024 999 [ 6.000 000

gl 70° [0.000999  0.999 944 0.034 998 [ [F-2.000 0005

[o.019999  -0.029 998  0.949 947 L1 [F-4. 000 000l

st []1.099 943 0014999  ~0.024 999 [ 6.000 000

. 0010000 0.999948  0.034 998 [ F-1.999 990

[Jo.019999  -0.029 998  0.949 951 L1 [F-4. 000 000l

BEHL™E 100 4> L 55 b M0 1R 22 BEAS 2E 47 B AR
UL, LLGIERE SRS M8 7 12 25 Ot M 7 ) o 2 MR ) 52
Wi o ARSIk AR, 5IASCRR [ 24-25 ] Bk oEA
R AR ROR , o Ev(L) 3R AMARE I LT

AR Ev(b) FoRFERAUCE AR b RIS IR 22, B
BB A e P DAy 2 A oy S e P, LA 22 o, AR AR BT
TEH0.2~2.0°/s, U MIET 1 0] 7 H 32058 75 52 )T o e 2
RIEAL . BEHRE S R A 5 S s e P, IR A A
HE2E o, ZBALIEE 0. 05~0. 5 W, WIAH R AR E SR el 2
NS

x1073

147 wem Ev(L) 110
12F - Ev(b) e
1.0f
16 X
508} 8
~ =
= 2
= 0.6} 14 2

0
02 04 06 08 10 12 14 16 18 2.0
SRR K o (°/5)

BT e s BE BRI 75 X bR A Y50

Fig.1 Influence of gyro noise on differential form calibration
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Table 4 Errors of angular velocity before and after calibration

bR T i PR R 2 (BT 1H) 7/ (°/s)
RERE 3.107 8
HatrEE 0.222 7
XBREEWIIERX 0.229 1
XRRbREERIIERX 0.2279

T4 o g R, ORR E  TCIR TE Mo TE A Bk
BUMERT Rk B 55 G e E W HE MR E. 5
—J7 I AT 3 A 4 T BRI, X F IR AR =
MEMS [ 8845, Z i f2 158 25 19 1 2R U

AR A A, SO 8 A b o il F TP O AN 22
i 5 PRS0 f B, (HL 75 ) P A e o R
B AE A (6) B0 (8) IR & u, I, 7F iR sL
Kb, ST MINS rp g i 3 Ao sk B8 3 F b A7 A O, H.
T 5 AL TR AT 2 030k 14-15,26]

4.5 T AHEINIIE

TENHUFE B R 1407 CAT A 1 % R i 1 A i ke
FETFATAROE SR 5 FAR 2 BESRAX . DATC AL ) 52 55
% H 7S e TS AWK T & AT s o K ©AT 58
B, b A B S T AR R bR TG K e R TC AL ALK 2
SRR S A2 A bR 6 R E R TR B, S2 B
MINS H (BRI A FR 2 , BRI an 1 9 Bis . fEbRE
PR B S R — B DL b, R AR e SR, 5 30
ARSI RERRRSIVE AR . AR i R i K 2R
8, i R BB R EA TR B IR PR R G AT
2N MR, SR AR B N W R R S PR R AT K, B
eI

AR IR SRR bR S 7 1) 3 43 T8 2R B4 T8 SR g
B, R R BT DL 90° Sy 1 Ak AT B SR 4, an &l 10 i
N X RERRRE R M TE 2T 255 R R AE TR e 1 40
AR Z A BRI A 2 R TN R o

K9 3 Rl AL T e g et il

Fig.9 Examples of rotation operation in three different positions
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