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A Calibration Method of MEMS Gyroscope Based on Magnetic Sensor "
LIU Shibin™ ,CHEN Lulan ,ZHANG Wei ,WANG Yongbo ,QIU Songsong

(School of Elecironics and Information , Northwestern Poly technical University ,Xi’an 710072, China)

Abstract ; According to the characteristics of different sensors in an Attitude and Heading Reference System( AHRS) ,
a new calibration method of MEMS gyroscope based on the output of magnetic sensor is developed. The error models of
the MEMS gyroscope is established, and appropriate compensation algorithm for MEMS gyroscope’s bias error and
scale factor error was designed. Compared with the traditional calibration methods, this method is rather simple and
suitable for real-time calibration. Experimental results show that the static accuracy of MEMS gyroscope has reached a
high accuracy,the drift of pitch angle is less than 0. 035° per two minutes,the drift of tilt angle is less than 0. 15° per
two minutes and the drift of heading angle is less than 0.2° per two minutes. When input angle rates of all three axes
are within 25 °/s,the heading angle error,pitch angle error and tilt angle error are all no more than+2°.

Key words : MEMS gyroscope ; error model ; error compensation ; magnetic sensor ;reference angular rate

EEACC.7230;7310L doi:10.3969/j. issn. 1004-1699. 2013. 12. 015

— P I T 1AL AR 1Y MEMS FE IR bR & J7 4

X R BRE 2K, AW, AR
(PUAL Tl R2-H 15 B2, P& 710072)

O RO I R G AR I BT T — I T REAS A i 1 MEMS BERRARE J7 ¥, - HRAE MEMS fi
IR 25 SRR TR R I AMEEERTE 43 B % MEMS BE 82 i) 25 0 bR B R BOR 25 AT T 4M2: . SR SR ikl LL %07 ik
SCELSRT A GE T IAARE . SR R AR A R BE S A R MEMS FE BRI R B, AME S BEIRAE S AR T 2
min PN, T AEAS/NT 0. 035°, RHAEAS /N T 0. 15° LI M MR /N T 0. 20, MFEIR =45 f HR 5 AN, 76 f 8
INT25°/s 1L T IR 2ZEFRRECRFFAE£2° LIDY

KIEIR]  MEMS FEBZ 1595 WM IR 250 AL SRS 5 A 3 o

FE 43S .V241.5.33; TP212 XHEkFRIZEG A X EHKS:1004-1699 (2013)12-1700-04

WAL L, & 48 MEMS ( Micro-Electro-Mechanical
System ) BERRAX I BUASAIR ARV B | DIAEAR
AR AL A AR AR B TR R L R HEH
Hil MEMS BESR RS BEATSARARAIG, BRI 7 He ik — 25
I, H i i T 2 BRSOk AR =5 MEMS BRGNS FE il
Aad gt B MEMS B2 HEF 7o 1415 22 gt
FUAR PR E B AR B HORE BE 1 — N TR

=l MEMS B8R 1 15 22 a2 32 2803 o0 1 o
DRZEAMEFNBELIR 22 4MaE . MEMS BERR B B2 K 4L
SR E TR IR 22 0 A SRS B RS R R,
PRLHOSE MEMS FEBR Y B 2 115 22 3R AT A5 8 b2, 42
o FLPR I I A R B R R SRR L IE
BRAL T 283515 B I T B L A% 0 1Y S B R
TE MR 22 b5 € 7 1 gﬂﬁﬁiiﬂim et

Rl B, R AR L SO AR A R AR
SEAM o ASSCBET T — ORI PR ] A2l ) i i1
i AR FEIR A 53k O IR O R & Sk
5 TIAIRE I FREA AR S PE RS I
1 REMMETIE

MEMS B 82 == 20 22 1A i b J8E PR A, 203

R CHEER BEHLIE ST S MEMS Bg 2
AR 8 PR RS 2 P 2 i 1 2 FH OO, L s iR 22

TR ] fRp AL -
@, N 0 0o, B,
w,|=| 0 N 0|l |+ B, | (1)
@, 0 0 NJlo, B,

I B SRR : E R [ AR F L4 T H (60874101) ;i 4 2F A 228 L RMFEL £ 51 H (20126102110031)

15 H#A.2013-10-01 &R HHA.2013-11-14



%12

X R, TR TR 25— AP R T REAE R 2269 MEMS ME3RAF 2 5 & 1701

Hf o, o, o,/ MEMS FEI2 X Y. Z Sk
BRI 0, 0, 0, 7759 XY Z §ii 592 bR
NFAHBEE N, N, N, 53500 XY Z bR EE AL
B, B, B, /Y RBEIR X Y Z Fh iR

NG ZEREAT = AL B N = Bl R P AR A i 28
e RGE T 2 7E eSS 5 L M3k F— e
i, PRIREAL IR A8 78 R 2 B0 DU T (%55 Y H b
Yy M ASAT ) #REAR AL IR 1 Mo G 15 8, T E
PR AR A Bt ] 10 B A 155 0, SEL i s AT A Sy g R
U TR R I

PIAKSE-SETiERs 7 hom ), teht Z A% 8 g i
LSS T X B Y b R R S 4
R, H AR b 558 Z e s i i Ae
R E 1 FiR,

A1 X.Y4hEAERBERIEM Ap TLTEHR
HR A A e e s A

{h; =h, cosAp—h sinAg (2)
h]=h cosAp+h, sinAg
JUEIEGE:IR
~h'h +h.h'
A — x "y x Uy
© ardan[hxh;+hyh;} (3)

[FIEE, BARSE X BlIESE M SE Y e e mt, 7> 52 ¥
il Z b A% TR A XA 7 Bl 1 e ) o R
e AR KRG AR ARG 23 3, AR A a5 2 A e
FRAPE A0 Ay BRI R AN (4) ((5) P

h'h.—h_h!
Af= arctan[hih}_l_hihi,j (4)
—h h_+h h!
() )

H1xX(3) ~ 2 (5) 13 B AR S 5L — b e e 1) 7 32 7%

P, EHCR AR P AL 1A £ 22 A A I 18] 18] B e 5%
PIRIZE T, W) phy i A St A 1 S SRR 23301 Ay

0, =A/T 0, =Ay/T, ,0.=A¢/T, (6)

AR /D — kA (1), 2 BIRAFRE

BR 3 AN B S iR 22 PRI s B

ARG I e 12 Bl — BES ] BIA] 75 2032 Al AR B

RARZE S,
2 SCIGTOE

FEEMAMTT AT I T P AE 3SK-150 %40
SR (P HER 0. 02°) LHEAT LI & RS0 pk e
IR & L RGP B R LS
RS FEIA = MEMS = $iliilsd 3 LIS331DLH" il
A AR PRI 13G4200D" ") WA IS SR T 4H
AT IR =Rl RS R SCk 18 ] BT
IR E T M S R IR IR 2 7 £0. 25° 2 1], 7E
B A EE (B R TR (] B AR 15 200 T, o] AR S5 4
PR, E— R b AT AR R R S S X
YRR Z RS , SRR R G )
BRI BN AL S 5 PR i b B, AR
JEfRe /N e AT B B R = A R DR BORN 2 g
G35 -

N.=1.1980 B, =0.0040
N,=1.2400 B, =0.000 45
N.=1.2198 B, =0.0005

Xof B BR A AT RME AR D TG T AT
o XA EE LT B AMERCR T 08T -

() EZE 0=0°y=0°,0=0. 7° {555 1L K2
2 min, F&A AR AREACD A R £ 1R 25 25 AR #B
FERTIY 5. 6° 22457 43 598/ R £0. 035°F1£0. 15°, it
] R 25 AR AMERT A9 2 3. 5°U8/h k0. 2 LA,
K2 5 3 Won T kS T i M EMEReR

Heading angle error
3.0

5 5L — Before compensation
~ 20f —— After compensation
5 15r
S 10F
=
S 05

0
-0.5

1 1 1 1 1 |
0 500 1000 1500 2000 2500 3000
time(0.05 s)

A2 Fab & TAMER S e AL AR 2

Heading angle error
0.15

0.10 -
0.05

aas 1]

-0.15
-0.20

phi error/(°)

1 1 1 1 1 |
0 500 1000 1500 2000 2500 3000
time(0.05 s)

B3 k&t TAME G BAK O LG iR £
(2) 52 0=0°,y=0°,¢ M 0°Z 1% % 5 ie s =
45 I Ik THE AT SRR AR 30/, SRR



# o H K F K
1702 www. chinatransducers. com %26 %
I B AR AN 3 B )
TESNA SN, B B R R 1 3 B2 P 2 b <
REPR AR TR UL 7 BER% 450 Bl R AN 50
PR 2R E] T 8°, kML 19 5 A Al B B3 1E 1 g
BOA EA , ELAMES I B M 3 22 (R 5 7 £0. 5O | 3K P00 200 300 400 500

TR E RS i 5 s

Heading angle
45 -
40 L Before compensation
35 | ---- After compensation
_30F— Standard
L 25-
£ 201
5
10 - peet
st
1 1 L L ! !
0 50 100 150 200 250 300

time(0.05 s)
B4 Bk Z dhak st fie A sRIR AR

Heading angle error

phi error/(°)
IS

— Before compensation
—— After compensation

1 1 1 1 1 |
? 50 100 150 200 250 300

time(0.05 s)
B 5 HIKLGE Z dhik AL A AME R
(3) FEERIRIFIRT SR 3 MRS B DL T 6.1y |
@ 43I 0° ~28.7°,0.1° ~31.1°,1. 5° ~ 38. 8° ZZ 1815
b, IR 2°/5.2°/5 2. 5°/s A ME TR F
FEBREREBLINGE 6 R MG R 22 Qs 7 Fi7R

(=]

R p— Before compensation
~ 30+ ---- After compensation
E’ 0L Standard
(5]
k=
=10
n W | | !
0 100 200 300 400 500
time(0.05 s)
(a)Pitch angle
40

------------- Before compensation
30 + ---- After compensation
— Standard e —

gamma/(°)
3%
[=)

=5
Zurt 5

L 1 1 1
0 100 200 300 400 500

time(0.05 s)
(b)Tilt angle
40

[ e Before compensation

30 ---- After compensation j—
< | — Standard #

= 20

o

10
1 1 1
0 100 200 300 400 500
time(0.05 s)
(c)Heading angle

A6 BARAMERTEAE LS A ERIZHE N

time(0.05 s)
(a)Pitch angle error

gamma error/(° )
=)

i) I I I I I
0 100 200 300 400 500
time(0.05 s)
(b)Tilt angle error
2
\\‘5/ 1
5
= 0
a
—1 1 1 1 1 1
0 100 200 300 400 500

time(0.05 s)
(c)Heading angle error

BT AMzEMeLSARE
AL b R AME T VR BE AR BB BRICR, iR R
GEi e iR A AR A ML 18 7 1R 22 35 A FiT
1 10°ZE PR £2°LLIN

3 #Fig

ARSCLARE A% S gt A i HH Ol MEMSS B2 B 1) 5 7€
PRAEHCRILHE S8 T MEMS B 389 2 i A b B2 R
BRZE M 1821 3 L 53707 1) 5 BE R A e e Tab AN
AT MO BV R AT AR A SR AR R PR AR
£ 2 min EERETE£0. 2° LAY, B S0 T BEIR RS
JEMARAMEEN M8 E L5 3l 15 s A 8° 2 AT iR 22
/NA0.5°, (EURBEBRATE S S A0 T ARG BE 15
ANFEPEAASC , 2 SO A5, f s B /N T 250/ I,
TRIEREPRIFAE22° LI, 0B A A 3 FE R
BRERIENIMEERCR 22 7 FE BRI, Jim 82 T AR AT
FEHINAGRER | ARSI bs i JT M R 5
FI B B OV S SEI SRR A o SR T AR
oy T AR S o

Sk

(1] Zf, BORUBH, JAEAS, 45 tUoUaie SR BAL IR 22 M oE [T ]
R T TR, 2011, (09) :54-56.

[2] #ifE ATHEE, R, 5. TN PR e MEMS Fe 25
R bR [ J]. AR #2011, (10) :2371-2375.

[3] ZERKF%, 50T, A%, % MEMS MUBHHEA G H SR s ds 5
AMELT]. s AR 2012, (1) :50-55.



%12 4 X HR, T 2 F . — AP TR B B 69 MEMS [ 3347 % 7 i 1703
[4] RE#&, RUIE . L R G Re SR AL BEAL B 158 2 A [12] ZEAs, PRERET, 7K SO MEMS S5k I & 41 4 b F R F 52
SUEBATEL )] FILGHTR 2 A 2012 (4) :35-38. [J]. AL RHEAR S ,2008(7) :1169-1173.
[5] 6%, 5,208 % MEMS PR 2 I 5080 5[], & [13] AR, po i nld, Vs, 55, SCEFBE IR IMU 42 =7 s 5/ — i
G TR SH TR ,2009(8) :1944-1948. BhRE B BEA YRR AN D7 IR [, o BB AR 2 i
(6] FKIEMY, b7t MEMS PEIR (SR SRS R S B 52 [ 1] i 2013(1) :51-55.
[E WP BE AR 24,2007 (1) :100-104. [14] He Guanglin, Tao Sigian, SHEN Qiang, et al. Research on
(7] 5KFE, T8, RV MEMS [g IR B AL TR 25 19 525 053K 2 B Calibration and Parameter Compensation of MEMS Inertial Sensors
[J]. MR E 7 T7,2013, (5) :140-142. Based on Error Analysis [ C ]//International Symposium on
[8] EEIHr, HHIS, M P, MEMS FE B2 i AL 15 22 2 1L 5 b 2 Computation allntelligence and Design. 2012 :325-329.
[J]. B F I AR 2012 (12) :41-45. [15] BZEEAR, WRHE, 224k 5, 55, MEMS =307 RE B Ub & 5 1 0F
[9] Zhang Lundong, Lian Junxiang, Wu Meiping, et al. Research on FX[T] ABRES 5 A5 ,2013(6) :63-65,69.
Auto Compensation Technique of Strap-Down Inertial Navigation [16] ST Corp. LIS331DLH MEMS Digital Output Motion Sensor: Ultra
Systems [ C ]//Information in Control, Automation and Robotics. Low-Power High Performance 3-Axes Nano Accelerometer [ EB/
Bangkok : [ s. n. ].2009:350-353. OL].2009.
[10] KB, Zigil  IHBERH , 55, MEMS 15} 41 Bg 82 2 7 75 28 P b [17] ST Corp. 13G4200D MEMS Motion Sensor; Ulira-Stable Three-
FERGBITFIII]. MR TR 2012(2) :80-84. Axis Digital Output Gyroscope[ EB/OL].2010.
[11] ZEEUF], Bl nl , ol , 55, INS 4l 7S 07 s R AR 8 A Brk (18] k5, XIPR, 30, 4. JE TRGE T T =4 7% 8 A ik

PEFRELAMEL T ] AR AR R 22441 ,2012(10) :1331-1335.

XIFF3R (1960-) , 5 R I, 7Y
FETAME K2 i F15 B e B %, i+
AU, R T ABLAE A R 4
BIWFSE  BIF5E 5 18] SRy Bl 3 0 T
B REAL A R G, R T RS
H ,liushibin@ nwpu. edu. cn;

ZEAMETTIE )] AR BEOR AR ,2012(12) :1692-1695.

FREEZ(1989-) , %, iAdLIfI M A, Pt
Tolk K2 75 B2 B il LB 5 A=,
WEFE T 1] Ry % Be A% 4%, 1379345823
@ qq. com,





