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Abstract: To ensure the high precision output of micro-electro-mechanical system ( MEMS) accelerometers, the
real-time compensation calibration needs to be implemented in the application process. In this study, an
acceleration self-calibration model between the measured value and the real value was established, and multiple sets
of static observation samples of the accelerometer at different positions were filtered. The Levenberg-Marquardt
(LM) algorithm was combined with the least squares method to calculate the model parameters, which solved the
problem of initial value dependence of the LM algorithm. For the static output of the accelerometer at different
positions, the posture data that can be used for the least squares method were selected after filtering, which were
applied to modify part or all the kth iteration model parameters, being the initial value of the (k + 1) th iteration;
other posture data were used to train the (% +1)th model parameters by the LM algorithm, realizing the closed-loop
and real-time calibration of the accelerometer in application. Taking the application of intelligent insoles as an
example, the calibration results of traditional 12-position method, ellipsoid fitting method, LM algorithm, and LM &
least squares method were compared. Experimental results show that in the long-term use of intelligent insoles, the
proposed LM & least squares method could eliminate the inaccurate calculation of model parameters due to the
setting of the initial value of LM algorithm. Besides, it could realize the real-time acquisition, calculation, and
calibration of the target, and achieve the precision of the same magnitude as the traditional calibration methods.
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Fig.1 Directions of 12-position method



- 116 - MoK OE L

VAN S

553 4%

2.2 WEMEEKRS

T 20 A TE] g 22 , B =" Z [ B IE SR AL T
T BT A L RS i Xl AR E M g, 1
SN IESC AR R B — MR bR R

2 2 2
ax” +a,y +az2 +a,xy +asxz+agyz +

a,x + agy + ayz (5)

[X-CIM[X-C]"'=1+CMC' (6)
a, a2 as/2

M=|a,/2 a, az/2 (7)

as/2  ag/2  a,

P X KT A EdE , € I EERER .G, M R F
SRS, 385 fie/ > Z IR R i I RS AEA
B AT G A5 B HH BRIR O RV D , B 2R AE 2% 1
B R RGE
3 LM & s/ Z AR HROE % 8 L 3L
3.1 LM &%

LM ( levenberg-marquardt ) B B TR
i R T B Z IR AR R A AL B, Tz
AT AR R/ MERISK A . TEX TR S HOR )
A N (8) , LM Bk T8 g R A B RS B B
Hessian 5 FEIT 1R Jacobian #5975 =8, W= (9) |
(10) , Ff DR T Hefs B T e 12 e A3 T 21 ) ) et s
B T ALK A e B A LR TR A2 2% — i O
LR, LA Hessian JETHFRRAAE IEE G AL, LM 5
ERZAN Il T TG K2

M M

F(x,w) = 2 ZE,ZJ (8)
j=1 i=1

H~=]"J +ul (9)

X =%, = (J' T +pd) * g, (10)

d,(u,) = = (J'J+uD) "I F, (11)

K. x MEASEI &, 0 MRS EE,N K
FERZHUm /AL E o BbR R g 25, M R B AR
LNk RGERAE AL

FIFH LM B33 5K A s B8 i 25 iR S 80, 7
TR HE F AR R L B BR 25 . RO B TR 2 MR
RURLEN s B A T RS TS Rz 38 g,
A (3) 1R B ARk ER

R R AR h 0 S8, TR EOR R (2) JF
M R RV 22 2 AN [A) 2 2 1 e S U T
P, BT LR £ S8R 22 S EUM B 5 il b AR
B A T o, i & B br ek 45k 22 7 1
(12) FEE%T H AR RS MU ST RSB K A

E.(0) = 2( lgl” = Ih(R,&) 1) (12)

3.2 EFLM& /M _FiEBRKHEZE
3.2.1 HAFR

LM BB e 37— A i S g R e S AR
MR T 1 B LAtk D T 60 B S SR 12 1Y)
(] 0, {2 LA B PRI 7 2 ) SR o =X 220 1 s B
E—E WO & SR E N oL, 54h LM B
% 1 BEAR B ) 5 A, JIT DA BRI B 15R 2 A
RIZE R B TR E A 1 8 A 1 2 S Biss Al
SRS A ER

PRI , A S B0 o s B I P 3 A v A PR B AR oA
SR X I B 15 25 AR R (W EL R A T S B OE
AR LM S35 AT DAV S, AR S i % e
Y8 =S VA Wl NN O = S NS o 1585 A [ B i 0 s
FRECAT a5/ 3k 9 22 28 0 H BRI 33k 32 4
AN BT AT, 53 AN PP A T7KOT- TR R4
5 C A WHEA SCEE T [7] R A A5 IE VI E, I LA tA)
B4 LM SR INGwHE , AT A, SRAR 4
HEETHRZE R SEL

WK 2 BRSSO s B LM&
NI AR IR, RSN 3 AN
g7 B R AL B AR S HWIE A IE AR S0
HiG

—————————————————————————————————————————

MEMS fii3
T AE

!

= i |

R % |

HhEA % |

It |

2

| PEBEMERE ATRIERE| | [ ATLMII%
: i B0, |1 | A0 |
' P o
b 2

i -4

o Hmuﬁdzo, H ay., }—ﬂj ; | LM%k l ﬁ i
P % |

P |

: ‘ &0

S D

B2 MEMS miEEit B ERE
Fig.2 Flow chart of self-calibration of MEMS accelerometer
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Fig.3  Comparison of data before and after filtering and truncation
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Fig. 6 Ellipsoid fitting spherical graph
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