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Measurement Method for Cross-quadratic Coefficient of PIGA
on Linear Vibration Table

SUN Chuang, REN Shun-qing
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Abstract: In order to improve the calibration accuracy of PIGA (Pendulous Integrating Gyro Accel-
erometer), accurately calibrating the cross-quadratic coefficient is necessary. A method of measur-
ing cross-quadratic coefficient of PIGA on precision linear vibration table is proposed. By analyzing
the mechanism of PIGA, the error model is established including cross-quadratic coefficient. The
PIGA is tumbled to different positions by using indexing table, the output data and the concerned
time data of PIGA precession within integer periods are measured, the error coefficients of PIGA’s
error model are accurately identified by the relationship between model outputs and the integral of
average precession angular rates of PIGA. By this measurement method, the output error of PIGA
is suppressed and the calibration accuracy is improved. The simulation results show that the
method can accurately identify the cross-quadratic coefficient and other higher-order coefficients of
PIGA, the accuracy of identification is greatly enhanced and reaches 1077.
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Fig.1 The measurement system
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Fig. 2 Internal coordinate system of PIGA

TARBEIR I EETHFREE R 7 kv =ml/H . ¥4 B £
KT o #47 Fourier B FF15 3| —UIEHE LR

B =0 + Bssina + B.cosa (3)

B GORAR R H L T 1 PA #lif i A
TNHBE @ pa YIEOLT R FHBEIR MR FE T3 N, 4
AR BT RIS f 5 i T B — AN
A sinpa=B, T8 7 HE X A 3 3 09 1 0 AT 5 i
T3]k Beapa /2. FRHESTHERL L5 T H I 54 mT
AL 5 PA B A By 1 BANEL R, BE A
TN R 38 K T 8 K, PRI B RT3 B =k bapa o FEIR
ZERI R T AR TE MR B A TR X B R
FETH 2R3 A e 7 AR S e, DAL I 58 2 AR R v
W T LA IR E SR T]

k, k
o +wnsinLcos) =k, +Eiap, +——

aPA +
krain +ksamaps +kiais +e
@)

2 e B A8 LRI, S5 H ) 277 E &
ks ARG I w, A HUER A R, B0
rad/s; L KT EHER B2 50 S PA Bl 5 7KFJ7 [0)
Jeff . X (D 5304 a) LU B A AR E iR
HIBAE S RIPR 2 S W2 0 R T AR B s RS R
AR
3 Wik7AE

AR SR FH B W 3 B - Bl R B G O 2 kAT
I B SR BE Sk [ e Ik 3 5 A v b AR
PRsh & 500 B LRI Ko R EE T A 1 R
TR Sk b ARIE OA il 5540 B Sk [l 5 i 25 F
7 WRPHE 73 R Sk ) A A o st 8 3 1 s Al 5 7K
TR LB 0=0", J3shikah 5 5 T, 2 TR
ST E T A S5 THEO T RS, BOE FE IR N

HEETFHESY 0 I 21, B4R 20 5 5 — Uik 5 AU ]
oty PSR FE Tk oh BGA B 16384N, L BV i
3 N, J&J5 gk mE T, o FHE 2T — K& RS
T2 R A R ] B 2Ry 2o o BCESE ] 38 3 Y AV, 3R GE A5
B & IRSIAECH N, IV 2aN, /o =1+
T, —t1. IR ¢ 2R3 0% R A sinw
(t—t)m/s", SER—AMRS | e o3 B Sk, (g
IR R PA Bl 5Kl 0, =ni /3G =
0s1,e0+,5), JUIAT LAAS 2 e S8 hn i B2+ 78 T, B[]
DAL I ) 3 1) £ 56y
a(A,0;)=Fko+ ki cosd; (g + Asinwt) +

bk

2
kycos?0; (g + Asinwt) * +

sin’d; (g + Asinwt) * +

k—;sinZ(?,- (g +Asinwt) * +

kycos’0; (g + Asinwt) * —
wi.sinL cosf; +¢ (5
DR AR 2 (5) X6 32 2y o 32 47 B3 F- 1
T3 112 3k 5

1 Tmi
7] a(A.0)dt =

= ja<Ae>dz+

)\/

J " a(AL0)d —

%‘H “]‘H

JT "G (AL0)d (6)

éﬁffr%‘?ﬁﬂ¥ﬂjLBﬁﬁ )
27[N[
T

=k, +k,Licosh; +
Lisin®g,

1 (T
Tjo a(A 0; Ydt =

k]k/z +k2LéC0520i+

L5 sin20,
2
wi sinlcosf; +¢; )
AL LG =1,2,3) & A A KIS E ek
BOHEE AN, Oy TR R AR S TR AR
SERGEE AESE N 6 ZH DK B B8 3 1 3] i 2
%BE s 3 I o S T AR IR Bl 5 WA I - 2 g
SR 13

1 Tmé T ,
?jo a(O,E)dt:ko+/€lg+k2g‘+
m6

/33 +k4L’€7

kig® —wisinL (8)

Editorial Office of navigation positioning and timing.All rights reserved.http://dhykz.zghtgk.com



108 SHYUE L5 BT 2017 4 9

T}'Jjwd(o,n)dt::ko‘*k1g‘+-k2 =1. 2921158>i}0 rad/s,fﬁr:ﬂﬁjiij39.9f,ﬂﬂ%ﬁ
o HIJINEE ¢ =9.8016093m/s* . B FEIR AN T
g —kig’ twsink O BN N, =50, B FREEH T R II %
A7 (7)) ~ O MR 45 R S R P ZE A ko =10 "rad/s, b, =0.55(rad/s) /g,
XA By=1.5X10"° (rad/s)/g? ks =1.8 X 10 /g . by
2N el —=1.0X10"*(rad/s)/g* b, =5X10""(rad/s) /g’ ,
Too SR IE S R @ (AL 0) AN RE BE W] AR 35 40
T sinl TR
B Z;N, 7%({)&} sinl OgcA.0,> \/ O-:“ —90( ;13‘”5 )o‘r,,,, ) ) (12
S TR L R AR O o OR
T —wisinL R S R G R2ZE N 1A KRS :0, = 2n/
22N, 1 . - 16384rad/s,
T, peesnh VO T, =560 B HHI R BEMOREE 4 10 7
2;: + 2w,psmL A7 aaa(?”f)ar,,,l = 2Tt>il50><10 fx~—1.0X
2nN, . “Urad/s, RUHCTE T 30 3 £ 33 0B 2
T,, et Hﬂ‘,TUK%fﬁHa‘IETJK@%EEE’J%Hﬁo R
B P TEE V1)1 33 B0 ff ORI 22 A F) 10 P rad /s,
L T T FEVCHHI A U055 2% 1 e ] 25 ) TR
1 LY 0 L 0 LS ] 51F
oS St By L J“:Qle+“7T“
2 8 4 4 8 - 10<z‘1,t2 < 0.1s (13)
V-2 S 4y - Lo IZ T’”;ES&LLE .,
FLUCE HAH LI (8] 280055 1 s .
L L B LI I %1 fExmEsY
1 _% Li % Li % Li «/zg Li — i Lt iz Tab. 1 Concerned integral time data
<3 72% )
1. 3 .1 . 3 . 1 .| LAk (i)/ﬁl h £ i Nu
bl gl gl gl 0 0.058550s  0.070291s  569.988259s 5700
1 g 0o g 0 g’ 1 0.058750s  0.084612s 1139.874137s 11399
1 —g 0 g° 0 —g° 2 0.060800s  0.058271s 1145.002528s 11451
1o 3 0.059900s  0.070056s  572.489843s 5725
Krboe HHEHLIRZHFE, 2L 10) AT 5 A 4 0.057700s  0.059460s 1145.298239s 11453
Y=®[k, ki kiky ks ks k,]"+e 5 0.058200s  0.071108s 1139.987091s 11400
(1D 6 — — 571.127299s —
3 CI1) BIAT X B R s B2 1 1% 4% A4~ 158 22 ! — — 571. 366204s —
AT /N ATt HRAE A2 TR YA [R5 5 (1) - Y 2 o

s o A EE 49 M. 6.7 X10 " rad/s, 3.4 X 107" rad/s,
4 RSRESN 3.3X10 "rad/s,6.7 X 10 " rad/s, 3.3 X 10" 7 rad’s,
N THE 2 B AR SCHR A #EAT R 3.4X 10 T rad/s, 6.7 X 10" rad/s, 6.7 X 10" rad /s,
TE. AT AR & BRI 0. 03m, JRZ A EE¥AR] T 10 "rad/s, FFAMHAZLR
WiAN 10Hz, Bl 0 =207, HIBR AFERIABE N w. W Q= (@ "®) " WM Q HITEN qu (nam

Editorial Office of navigation positioning and timing.All rights reserved.http://dhykz.zghtgk.com



555

BT o B 52 S I R 2 i 8y 5 I vk 109

= 1.2+, 6) » AR Sy SN BE ST Al 2>
A AD PR RZEI AR B A E L -

Gr, = 0V qu 50k, = 0V Q2 0k, = 0V Q53 s

Ok, = 0/ qui 304, = 0/ Q55 08, = 0/qes  (14)

THEAS 21 B 502 B 145158 22 T B AN Bff o
Hior, =1.7X10 °rad/s,0p, =1.5X10° (rad/s) /g
ok, =6.4X10"" (rad/s)/ g* 01, =3.3X10 " (rad/s)/ g*
o, =3.7X10 " (rad/s)/g" so,, =L.0X10 7 (rad/s)/ g,
X T2 SR I ANE 5 B ml g an R A X453
o —N/(amé )P — (%am ) Z / % (15)

KADTELER N 0y =1.2X 10 ° (rad/s) /g
AT LU o A7 VR A 0T B S 3 32 112 i -5 b P
FIIBRAE by AN B A, (T At w5 By 01 14
B A BB AE 10° DL B, A 8 i HFR
i1

B LD B R R R 22 T R B AT fe /N
Fefitiit
(ko by Rk Ry Ry k] =(@"®) '@'Y

(16)

32 R I 1077 (R REHL IR 22 J5 0 BE R 5
R T DA AR I TEL IR & it e i
TR 23 FE A A I Tk T DA R B 4R 22
I TR B, AR (LD BRI B AT S i 4
SRAH ] s 705 B MR 0 BT A BE R i B L A7
FEAFX R 1825 o AE T e SN B 1 ) 0 55 4
FE N FAEE 147 L O nT LR RIRSHf A, R FE 2k
PRBN & b B A Y15 25 T 3 22 L R IR — IR 0y
F. MR 2 Pl LU AT AT DI AR 58 X
TRI BT HEE R RIS AT LA bR B 8
BRPETHIY I A2 UG 10 5 =I5 25 R A B
X IRZE T HEAE T 1077,

Fx2 RERBWHALER

Tab. 2 Identification result of error coefficient s

WERE  WEM PRgE IR EROR S
ko 1074 9.9399658X 1075 6.0034216X 107
k1 5.5X1071  5.4995752X 107" 4.2488421X 1075
ks 1.5X107%  1.5600294X1075  6.0029391 X107
i) 1.8X107%  1.8371349X1075  3.7134973X10~7
ks 1.0X1076  1.8359745X1076  8.3597441X 1077
k 5X1077 9.8751471X107%  4.0124852X 107

5 it

ARSCHEST T B R R AR AR B 5 b i
F 48 it o3 i HAE R 3 & LAY I R AR 3
AT S AR A C R S T AL
IR BE SR BT iR 2R, it T 7EdR3h &
B EARE T7 U5 » 1 1 e P AR 8 R T Bl
P Ay S T AR /N Y R 2 B E G B Y
SN o 38 07 FONZ T R AT SR TR 25 2 # . 4f
SRERWIZ T V8 i B R o B2 T sl /N 1
YRSl R TR 25 AN E E R IR E] T 10T
rad /s o BE BRI FEE T4 o 1R 2 T B ORS HE
KET 107,

[ AR o 32 753k 0 JH Al 24 P /438 X0 e 38 T B9 vy
Yo BERR S L A G iR 22 I R IR 3 & L RYAR
FE M A —E NS H M EH.

S 3Lk

[1] LiSS,Zhong M Y,Zhao Y. Accelerometer error estima-
tion and compensation for three-axis gyro-stabilized
camera mount based on proportional multiple-integral ob-
server] ] ]. Science China Technological Sciences,2014,57
(12) . 2387-2395.

[2] Kau S P, Boutelle J, Lawdermilt L. Accelerometer
input axis angular acceleration sensitivity [ C ]//
Position Location and Navigation Symposium, IEEE
2000. IEEE, 2000 449-456.

[3] Zhou Y, Zhang J, Yan L, et al. Directional multi-
position calibration of PIGA of inertial platform
system[ C]// 22" Saint Petersburg International Con-
ference on Integrated Navigation Systems. Saint Pe-
tersburg, 2015 292-297.

L4 ] FETRHLATEEA AR . s B AR R R T .
HHF A, 2014, 34(4) :5-9.

(5] hE AR A S AR, ool 42 =Xl 1R £ o 2 8
RS B [S]. e A R 3R [ E K ZE A bR i,
FL. 6615,2004.

[ 6] Pan],Zhang C,Cai Q. An accurate calibration method
for accelerometer nonlinear scale factor on a low-cost
three-axis turntable [ J ] . Measurement Science and
Technology,2014,25(2); 1-7.

L7 fodte Ay b, 55 . Tt B S pn € 1Y
KR L], AR AR 22 4, 2016, 37 (11)
2452-2458.

[8] GaoY,Qin R,Guan C Q, et al. Development of data

acquisition system for micro-accelerometers’dynamic

Editorial Office of navigation positioning and timing.All rights reserved.http://dhykz.zghtgk.com



110

SHYUE L5 BT

2017 49 H

[9]

[10]

[11]

centrifuge test[ ] ]. Key Engineering Materials, 2013,
565(3) :214-221.

DN AT I, 55 . BERR s B2k R 2 3 3k
e i 0], A BB B R A2 4R, 2016, 24
(5):672-676.

TrAHE s XUTH - SR E 2 . FERR I B T — 30 R 40 K2
MO HLIRK AR S LT ] o B AR B R 2 4l
2007,15(1) :120-122.

FAE B AT . B0 MR 2 0 B R A 1 K2 0
K3 Tibr e 45 BE 52 [ ). 9K BoR 565 % T2,
2013,11(2) :140-145.

[12]

[13]

[14]

[15]

TR AT AR %5, 55 . IR EE T IR & IR
IR AL 5 45 ik L)), i R ¥, 2009, 27
(2):91-95.

A2, BB UM RS R AR e L], 48
s 505 14.,2016,38(3) : 136-139.

UG BRSRE BRARAE . A B i T R iR 2
FREREMSL] R SRIZEIEA, 2013,324
(1) :45-48.

TR ST RO AL A R M D IR A Y R
22D MR Tolk K2, 2014 . 78-82.

Editorial Office of navigation positioning and timing.All rights reserved.http://dhykz.zghtgk.com





