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Abstract: The parameter identification of a six-axis accelerometer is a difficult problem due to its high-
er input and output volumes and linear dynamic equation. According to this, a four-step method was
proposed to identify the 25 decoupling parameters of a parallel type six-axis accelerometer. A calibra-
tion platform based on double slider-crank mechanisms was designed and processed to provide the ex-
ternal stimulation and a virtual instrument based on LabVIEW was developed to provide the software
support for the parameter identification. The first sets of parameters were identified by averaging pre-
treatment data in static state. By putting the sensor on the platform to do a pure line movement with
the frequency of 1—2 Hz, the dynamic equations were simplified to linear algebraic equations, then

the second set of parameters were identified by using the least square method. Similarly, the third set
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of parameters were identified when the sensor did a pure angular movement with the frequency of 1—

2 Hz. The fourth set of parameters were identified by one-dimensional searching about stiffness to

mass ratio when the sensor did the pure line movement with the frequency of 4—5 Hz. Experimental

results indicate that the maximum relative error is 7. 479 % after using the identified parameters to de-

couple the six-axis acceleration, which reduces a magnitude compared to that before parameter identi-

fication. Above results verify that the proposed four-step method is correct and feasible.

Key words: six-axis accelerometer; parameter identification; calibration platform; virtual instrument;

least square method
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Fig.1 Three-dimensional model of six-axis accelerometer
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Fig. 2 Physical prototype of six-axis accelerometer
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Fig. 3 Branched chain of six-axis accelerometer
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Fig. 8 Main interface of virtual instrument

T2 1) DA g A0 455 B30 8 >R 4R L B dls B AL
B2 OB I R YRR B SR B
SR AT T 8 1 A0 R A IR 45 R ) R St
{55 R ORAT 5 DI RE s K8 WAL FRLBE B T X6 R
BB B BUCTE 5 SR T B L A S R B
{E 55 WAL BEINRE ; Z B IR BE R JEHE 2. 2 35 A9~ 1Y
AT Gl R U R T R e AR
U i 8 TR AR R Y R A 2 A
AR YO 2.1 T G IR E
e o T P il 2 7 WAL B 1) 9 2 A
Fe et LA R B B 25 A 2 806 1 T 7S 4 T s



% 10 34

Tt fit » 85 R IR SN GE D0 AL R 1 2 BN 2635

4.2 HBEEERHINER

L9 it 7 o 7S 2 Tk A% s i e o e b i
WA, Forb, 0 R TR F X b o A% SRS 1 AT L
HE o AT H A TR 4 S5 A B A 1Y T 6 ik S
PSR AE 10 min WEHE L 76 R UL X 391 Ak 2
Jo Y HL S (R AT SR A (E AL 3L 58 i B {H I RS 7 1Y
B, 7E 1~2 Hz sh e $% 10 4055 % 43 51 3K 3h 4
T AL AR A e sl 2k is B, il B AR
(] P 05T £ A5 B ke e 2 o ik B 1y 1w, s K (1)
P b o 8 SR A 1 i P A DA N s o 3k 2
THA 5 (B 5% He 8 1F AR 0 R A Y ¢ 2 B T
L7 RIS B AR S B R, fE 1~2
Hz ik % 10 20503 43 59 B Sl bR a2 °F- 6 » ff 4% Ik
S N 1 E 2 N N 2 M G OE V2 B B ey
(19 T8RRI & L BRI . i =4 RS
BB HE LA BRI A i ank 1.58 2.3 3
N

B9 N4 e A2 IS 1 A S B

Fig. 9 Testing equipment of six-axis accelerometer

1 F-—HBBSHNRITESHIR
Tab.1 Design and identification values of

the first group parameters

it 5 2 2 BHE/mV BEUE/mV
d, 0 —12.3
d; 0 16.8
d; 0 —15.5
d, 0 —10.1
d; 0 —4.7
ds 0 —16.6
d 0 —11.7
ds 0 —8.3
dy 0 —10. 9

®2 FEABRBSHARITESHEHR
Tab. 2 Design and identification values

of the second group parameters

it 5 2 %L Bt H/ kg ! B H ke !
s1/m 5.347 6 5.089 2
s2/m 5.347 6 3.550 1
s3/m 5.347 6 6.119 9
si/m 5.347 6 3.230 8
s5/m 5.347 6 4,876 3
ss/m 5.347 6 7.090 9
s7/m 5.347 6 3.689 6
ss/m 5.347 6 3.162 4
o/ m 5.347 6 3.183 8

*3 FZHEBBSHENRITESHIR
Tab. 3 Design and identification values

of the third group parameters

S H WA/ mm’ HER(H/mm®
CI/m), 238.76 191.084 6
CGI/m), 250. 71 236. 490 0
CI/m); 252. 588 326.538 9
CI/m), 0.051 2 0.080 4

CI/m); —0.029 5 —0.379 4
CI/m)s 0.554 4 1.579 9
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Fig. 10  Relationship between norm of auxiliary an-

gular velocity and stiffness to mass ratio
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Tab. 4 Decoupling errors before and after parameter

identifications with 1 Hz driving frequency

H 5 m BELAT PRJE

293y WE/(%) iRE/(%
2 T 4 0.15g 39. 841 5.058
y &K IEE  0.15¢ 77.004 7.428
2 [] £ 0 0.30g 50. 986 6.017
[ B 612.35(°) /s 40. 587 5.017
v 16 A IR BEL 612, 35(°) /s* 69,031 7.387
= [ SN IS 224, 70(°) /s* 55.897 7.477

RS WHIME 3 H: S HPRET GRIBEBIREXT L
Tab.5 Decoupling errors before and after parameter

identifications with 3 Hz driving frequency

B Arm PR WG
T WE/(%) WE/ (D
x [i) £ Jn B 1.38g 70. 005 6. 899
I £ B 2.75g 71.801 6.990
=[] £k o 1.38g 62.901 7.470
x A ANEE 14 511.10C°) /s> 55. 260 6.382
v [ AN BE 29 022.30(°) /s> 76.358 7.089
= M 14 511.10¢7) /s 39. 881 7.184

F6 WHNIMES H: MSHIRATEHEBIREITLL
Tab. 6 Decoupling errors before and after parameter

identifications with 5 Hz driving frequency

H 4w m HER AT PR E

T W2/ (%) RE/ (YD)
x M INEE  7.64g 60.112 7.479
v [k B 3.82g 75.584 7.108
z MM  3.82g 55. 368 5.984
2 i) FA N E R8O 617, 40(°) /s 52. 687 7.061
v [6) ff1 B B0 308, 70(°) /s* 72,879 6.148
= [6) fA N BRO 308.70(°) /s 41.589 5.742
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