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Research on the calibration method of triaxial
acceleration sensor with transverse sensitivity

Zhang Shunxing, Zhou Wu, Lu Peng, Yu Huijun, Peng Bei
(School of Mechanical and Electrical Engineering, University of Electronic Science and Technology of China, Chengdu 611731, China)

Abstract : Transverse sensitivity of the single-axis accelerometer is one of the most important performance metrics, which has significant
influence on the calibration model and accuracy. In this study, a novel model considering the transverse sensitivity is proposed to
calibrate the three-axis micro-electro-mechanical systems ( MEMS) acceleration sensors. The transverse sensitivity of the model is
introduced into the calibration equation as a symmetric matrix. The established calibration function includes zero deviation, scale factor
error, non-orthogonal installation error and transverse sensitivity. Finally, the 12-position calibration method is utilized to collect
experimental data. The maximum likelihood parameter estimation algorithm is used to solve the calibration model to achieve sensor
calibration. Experimental results show that the compensation error of the calibration mathematical model is smaller in terms of mean
values and variance than current calibration mathematical model. The accuracy after compensation is higher and the stability is better,
which show positive effectiveness on improving the accuracy of MEMS three-axis acceleration sensor. This study has important theoretical
significance and engineering application value.
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Fig. 1 Schematic diagram of the causes of non-orthogonal errors
M| A IRAR AR IE S 2422 1 I, =i MEMS
AL A AR AR 1] 7R R

D, S, 0 0
| ={0 s 0
D. 0 0 S

N

cosf cosf_ - cosO sinf

cosf, sinf, cos 0 cosf - cosf, sind,_ | -

cos 0 sinf, )
cosf sinf

cos B, cosf,

(3)

M, B,
+ (B‘
M., \B.

—cosf, sinf,

M)
ol 6, BN, B RET 0, % 0, =0, =0,
6,=0,=0.,0_=6_=6_ WX(3) 5N,

D, S, 0 0 1 -6 o
D| =|0 s, o). 9. 1 —ex).
p). \o o s) \-e o6 1
M, B,
M| o+ (B,) (4)
M. B
oy \B
D, S, -S.6. S0\ (M, B,
D| =|S6 S -S6/|-|M]| +|B
D).  \-se6 se6 S M), \B,
(5)

K (5) Fik AR YT H H A =4l MEMS Jin i B 1%
RIS BRI SRR SE PRt il | B 2E Kookt
G R MFEMT 0o B AL B A 1) I K AR 5 R A S
AT AT A, 70 1) B 0 1 R s R 4
A B 12 R ) R A LR A i B



%4

SRR 25 - %5 Ve R 1) SRR 1) = JRlin ok B2 A% RS bR A2 7 TE DTS

35

R I RO Y T A S P T = b A ) R
TR X ) A B R A T 2 S
1.3 #EEREE

H AT = MEMS 11328 B A% 8425 0 1R 25 1S 738 (L %

SEOI BE V22007 b B D B 22 5 AR IE A2 B 3R 22 S5 A
F,CMGLARE I 2GR R 2 i, =l MEMS Jin i 2 4%
SRR BB E AU IR N

D, S, Sn, S 1 -6, 0, M, B,
D | =S, S, S5 0, 1 -0.]-|M, +|B, (6)
D.] Spe Sp, S, -0, 0, 1 M., B,
D, S, +5,0 -S,.0 —-S560. + er; +5,.0, Sxay - S,,X),Bx + S, M, B,
=D, =[S, +5,6.-5,.6, —-S5,0.+S +5,60, S,0 -S56 +S,.|-|M, + | B, (7)
D), \Sp +S8.6.-56, -850 +S, +560 S0 -5.0 +S] \M/]  \B,
=D =SM +S, 0M -S, . 0M -SOM +S, M +S, 606M +SOM —-S, O6M +S, M +B,
=D =S, M, +SOM -S, 0M —-S, 06M +SM +S, 06M +S,0M -SOM +S, M +B (8)
=D, =S, M, +S,0M -SOM -S, 0M +S. M +S0M +S,0M —S,0M +SM +B,
Mac
Mx
Mx
D, S, Sp0. -S,.6, -850, S, S.0. S6 -S,.0 S.\ |M, B.
=D, | =|S, S6. -S,6 -S,6 S S.0 S.6 -S6 S.|- M| +|B (9)
p), \S. S.6 -56 ~-5.6 S, S6 S,.6 -S.6 S| |M 3
M.
M.
M, N
K28, (i=x,y,z57=x,y,2) A =N GE B AL 2 @ floxt F1 HEBARER
R j il A ) R Table 1 Technical index of turntable
LSk N 7
2 REMEEREHE T 20 kg BRI 0.000 01°/5~300°/s
FERT  $320%250 mm 0.01% (1° k)
2.1 HREARRSR (o 1 2" MK 0.001% (10° k)
=l MEMS 3 AL A bR E A EH I TR [E] 5L R +1 KPRt 0.000 1% (360° ki)
FHBEF 5 7 10 2200 8 BVR AR T8, B A 6 frE ™ | S 300° /52 TR RS232

12 P8 S 24 08 bR S AR B S A B 0 HLE
B N R S P S (A A B o A S R 2
TN B2 ) S i,

A T8 B = AN S AL AR A E SE G, I AR
A SE IR A AT A5 (B, BT 328 % 1) DN o (S R 15 4G
JIE S I 25 iR A SR G T SR 3 B (— MBI
NSRS FISE 7 DA 28 /0 B2 L AR o A R P KG JE 55
— ARG T ARSI SRR S A SOl PR AR
VR N A A P T TR AR B R B B A TR S
U5 %5 6 B SRS B R A IR A A7 | FE A PR A R
JE T RS R e R R T AR SCHE AT bR E SR N A
HA AR 1 R,

K HH A A B AR E T = MEMS Jiin 4 Jd gt
TP R AR, R 2 T F B 18 A e i 45 Sk A o7
BT, AR E RIS R A LIS3DH =%l MEMS il i &
LIRS AR S R 2 TR,

BRI SRR A T

1) B =N AL IR &6 T & B, PR s
THEUES - W BTG A« B S 6 ST

2) RGN RN AR B i R AR E 5 min J5 1%
B RIBAT i R A% R A5 SRR A il ) 3R 2
FIE7R , #5000 AT s BE A Ek 2 Fiow
3) s AT A], SRR H I S R A R A

el 0 A AT R AR A B SR R OR AR 30 s



36

fiC s & = a2k

xR2

(b) SERBRAFT &2

(b) Experimental operation platform part2

K2 SRBfEra

Fig.2 Experimental operation platform

& BB (6 5% R\ E 7 n i B (B

Table 2 Multi-position orientation and corresponding

input gravitational acceleration value

4) 1M 3 A 38 0 T A SR 1 A, AR AR T
A7 IR A S g i B ek A AR A AR
JE PRI 2 e 1 2% ZR BRI ) RABE S S5,
2.2 REEEKEE

ARSCAl PR R AR S b kT Sk R R 2
BRAY VT B AL SR AR S B AILIE 75 IR A 250 o
P A (L e ST R, DO — A =T i A B B 1 D,
A ABE 25 285 RIS IR D 1 97 23 A, AR 8 A R ABL AR A 1 2
W, IRTFAE 5% B R (D) LR R L(0) , 2 BT (ISR
PR L(0) , 2R3 e 0 Ak H A bR E s i 3 ) 2 {1 A M %
WERES(D,)

ID, -KM - B|*
(10)

207

1
D = ex -
S(D,) " p{

St o EBEHUMR RO BRIE 2 | R MK SR i
SR BB A SR B
Lo =TI fn) (11)

PRASRAE A AR T B0 29 19 6 (B ALK R
Ve NI

1 N
max L(0) = exp X
0 (6) (a «/217) P
i} ID, -KM-B|*
2 - ; (12)
n=1 20’

epop & ID KM =B
SEHTR Y - o
n=1 g

HHROT 207  WRAUIR IR Ny «

1 5/ IMEL, 220

AL/ C) S5 AT (1 minﬁ ID. - KM, B’ =minﬁ L

o yE o B x il y 4l 2l 0 s 0 s (13)
1 0 0 90 0 0 1 sctIM, |°=1,n=1,--,N
2 0 0 =% 0 0 -1 Wi/ ME B AR R B i (14)
oo 0 ° ° SO)= 31 D,~KM,=B [ +A,( | M, =1 (14)
o0 A 0 0 Ref A, FORROG I HRT AR M, —
S0 0o 1 ’ AT 20 =[vee (K) B'MIA, -2, ]
j 1"5 ‘30 705 ) 2‘;8 8 ‘01 . 925 ; LI (R K o 0, P 595 B 5 b

DRI, A, = 0; A WA A
8 30 0 60 0.5 0 0. 866 0 6 =g —[ V0) ] TAE) (15)
om0 e e 0 0700 DB LSR5 4 IR AR (5) 5 (9) 7
0000 30 080 0 03 B SRS IR 2% SRR P32 3.5 4 R, Hop
0B 08es 0 0.8 % 3 NGRS ) TR AR 22 20K,
20 b P 0 0288 09659 5 4 AR SCHERY (% i 1) AR ) IR AR 25 S8
K3 EHERERBRESH
Table 3 Calibration parameters of traditional models
o BE R GRAmEEF/ () FEwiR2/ g
S, S, S, 0, 0, 0. B, B, B,
1.033 3 1.062 6 1.078 4 0.036 0 0.017 6 0.034 2 -0.038 9 -0.063 7 -0.054 9




55 4 1) SRS 45 ;7% FEAe 1o 8 S8 110 = Jaly o s B2 A S b i iR 5 37
R4 AURBRESH
Table 4 Calibration parameters of the proposed model
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Fig. 3 The error results of traditional models
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Table 5 Analysis of error results
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