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Full parameter rapid field calibration method for regular

tetrahedral redundant inertial navigation
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(Space Engineering University, Department of Aerospace Science and Technology, Beijing 101416, China)

Abstract: Regular tetrahedral Redundant Inertial Navigation System (RINS) has the characteristics of high
reliability and high precision, and error calibration is a necessary means to realize high-precision navigation
solution. At present, the error calibration of regular tetrahedral RINS needs to be realized by using the high-
precision turntable, which not only has high calibration cost and long calibration time, but also cannot calibrate
full error parameters under the condition of insufficient hardware conditions such as external field. Address this
issue, a rapid field calibration method for full error parameters of regular tetrahedral RINS without high-precision
turntable was proposed. Firstly, the error model of regular tetrahedral RINS was established. Then, according to
the relationship between the analytic coarse alignment attitude error matrix and the bias of regular tetrahedral
RINS, a bias calibration method based on six positions was proposed. Then, a three-position rotation scheme was
designed to calibrate the scale factor and installation error of the gyroscope. Finally, the six-position scheme of
bias calibration was used to calibrate the scale factor and installation error of the accelerometer. Simulation and
experiment show that this method can effectively calibrate full error parameters. In the 1h static base navigation
experiment, the north positioning accuracy are improved from 61.065 5 km to 0.476 7 km, and the east
positioning accuracy are improved from 161.202 7 km to 4.842 2 km.
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Fig.1 Tetrahedron redundant configuration diagram

PASGET BE 4R 5 Bl #E 4T 70 B, 1 DU T A RINS i i
I w, N
w,=Hw, (D)
s o, AR AR 22 T =S5O U s w,, R D9
JCET B AR BB A I s j O Y R G TR TE B A
B, i AsK (2) Bos:

202107842



s Gk A2

www.irla.cn % 51 %

0 0 -1
sina 0 cosa
sinacosB; sinasinf; cosa
sinacosB; sinasinB, cosa

S ok A DY A SR T R A, Sl 70,530
B B R PEIRAL 3 FIPE B2AX 4 BB AE xoz -1 1942
5 ox HIABLTHAE, 43512 1200, 2400,

AWt R G R AWANCI R E R RN R RN R S i)
FEan T .

2

0 0 -1
0.9428 0 0.3333
-0.4714 0.8165 0.3333
-0.4714 -0.8165 0.3333

AT e /N e 35 n] AT 31 26 20 = b £ 3 1L o, 1) B
Putdiit:

H-= 3)

&y = (H'H) H'o, @)

BT 1 1Y) 108 2 T A A 1 R 25 B AL 1R
22, Horbff s MR 25 A AE M . b B PRI 22 R 22 3
W2,
4 B SR AR A ) R Dl O B A (B A
fif o 1E DU RINS H g YCEFFE IR Z i B A -
B,=[ by by by by (5)
1 byt beos beas b VU HGEF B BRI Z A o
F 2500 7 | R 1 T 3R 25 Ay, A
Am, = B, (6)
o BEE RSO B s B ko S R A DR 2 L, bR
JEE PRBOAN WA 51 ARG 18 22 0 B PRV BGR 25 0 1E P i
A RINS 11 LR BE R A5 B P ER 256K 0

6K, 0 0 0
0 6K, 0 0
0 0 6Kz O
0 0 0 6Ky

K 6K, 6K\ 6Ky 6K o h U GET BE R A AR EE A
P A B DR B0 22 5 LS 19 SR 25 Amy A
Amy, = 6K,w, (8)
P T A& T 2 R0 TKSFA BR, J64r b 2 ok i
(R SEBR A 0] 58 18 I AAAE O 22, FROF BB 2%, B
AT e MR, 5 T I 22 R 25, o B HAREAD A 1% 22
Sug TP FAIR Z2 v s o BT, JeLFPE B &%
BRI TUARBC B R H R

oK, = (7

Hg]x Hgly Hglz
Hg2x HgZy HgZz
Hg3x Hg3y Hg3z
Hg4x Hg4_v Hg4z
A H(m=1,2, 3, 4; n=x, y, 2) HFEBRA m HULHIA
Xt B T 22 R 2 T B SR AR

H, = —6ug sinfcosf + v, cos Bsinf;
H,i, = —0u, sinfsinf; — v, cos Scosf;

H,, = —1+ d6uycos g

Hg, = sina —dugy sinacos B, + 0vy, cosasing,

H,,, = —0uy, sinasinf, — v, cosacos B,

Hgp, =cosa + dug,cosa

H,;, = sinacosB; — 0u,; Sina cosf; + 0v,; cosa sinfs

%3), = sina/sJirn(,?3 — Uy sinasinf; — v, oS cos B3
3. = COS + du, cosa
H;x = s@nacpsﬁf —Ollgs sjnaqos@ + 0Va cOsasin By
%4, = (s:t)nscczysinéﬂﬁ —C(i)usgésm @ sinfy — 0V, COS @ COS B4
g4z — g4
(10)

Ao R e R AL 1 U 5 xoz ST THI A 1R T A B
Biv B BESEAL 1 B R AN 2 BB FE xoz ~F- T AT 4%
5 ox BB A B
FH e iR 25 5 | S 1 1 5% 25 Amy, R -

Am, =(H,~H)(H'H) H'o, (11)

It F R, 4 R OELFFE IR R | b R
W2 KRR, IR R A AL R 22 B, OF DY A
RINS HOGEF R i A 3 w,, A

w, =I+6K,)(Hw,+B,)+n, (12)
o PR HE R g R DO SEET P IR Y B AL R 2%
MG LF R R BT PR R, 1R 2R R R R
N,, = K,(H,w,+B,)+1, (13)
e N, A CEF B B8 4 BT ko Ko G P R Y
P AL

[vi) B A1) 45 1F DU T R RINS Hhoin sk J3 3 o o ke 8

Suh:

H. =

8

)

Ju=I+K)(Hf,+By)+1; (14)

A SK AN B T 0 BE R BSR 2% 5 H o i

THE B R HRZE W TUR B E IR I f 8 IR Ak bR R 56

RO B2 s B oA B R 68 % s Sk R T
AL 1 22 o

U R T AR Dk i, DR 2SR AR R

Npw=K;(Hf,+By)+1y (15)

Ao Ny, R I T Bk s KSR BT Y

Tm B R

20210784-3



ISk A2

%74

www.irla.cn % 51 %

Z I, HE T IF DU AR RINS R OG 2T B 52 F i
FETRYIR AR

2 ETHRITEAMNERSREZERNERIR
IE77_7|<

SCAFAR B A B RO M 2 25 TR 2R M P AR IE AT

Ak BT A5 22 55 1E DU TE 7R RINS HGLFRE a2 | sk
TR 0] 2 i G 6 09 ¢ R bR Y TE DU TR RINS H 45
PSSR TR o A ARG o 2 6 ) Bk = ) sk
J3 O R A R % £ T“é% ST R G,
N B A AR AR R o T e 1B A A 0 T LA

AT ) GG AR
" (g")
C=| (@) (@) (16)
(g xawp)' | | (g"xa))

s g Filen 53590 > B 3 s R bk 19 9 o B T
SRR o d s gt Flw? 43 i) A EE ) I B AR [
FH TR AR R T A i

AT HEAF AR IR 22 0, B IR 2L AR P A

E=sC)(C)' (17)

s 6C; Ry F B SR ASORI T 3 B T 1) 2 S5 1R 22 5 i
MR ASIRE

M3 2 % SCRR [19-20] % i A ML 6T o 1R 22 19 2>
BT, fife BT RELGE o 14 15 22 T2 B2 2 W Wl IR 25 B AR IEAS
JEBANALIREE,, R FR:

E=E +E, (18)
0 o -y
E - ET U E
Ess = ) = —Qu O ("N (19)
P —PN 0
E+ET Ne Oy Oy
E = = [ Oy Ty Og ] (20)
2 OyN OF Nu

X Pu~ PN~ QﬂEﬁ%IJﬂ?aErﬁl\ db1ar ., & e W HE R 255

Oy~ OnN~ 05%%”}7%['—] 3“3['—] ;{ijkﬂzﬁfiﬂ%i:nu\

v e R ] B AR AR LA AR 2

WRAE S 3K [14] MARIESS AR iR 22
R ASORUIIN I JEE 25 fi 14 20 B P A, K T ik 1% 22
i K PEIRRZE G i R AL PEIRIR 25 A

ofv =gnu
Swy = Q[ng—ny+(SfytanL)/g]cos L (21)
owy =QQog—nytanL+0dfy/g)cosL

g Q. LAPHIAICARI S RGP A B 1 & )
TN WRAEL . Hb3K A A R B RN B S fy s Sfuh
by K] A0 FE R 25 G Swy + Swyh K ] FE R IR
EhHHE.

B T AE BRI A T 4R LU RIME, PRtk 2R
FH K 1) g WA SR 22 A5 o R 1) o B R 25 A kAT
FARARAE o 25T, I B3 A At 1) Z s A B X K )
B WA Y i G St S /D, R I RT 2B S v/ gk
22T, SChBE ] —Fh SO B T 5, R RINS (1 =
AR R A8 1) KA, WK 2 iR . BN B AN
TR IME 1 PR

x(Up) »(Up) 2(Up)
z X ¥
/ Y 0 / 4 0 / Y 0
y Posl z Pos3 X Pos5
0 5 z N
A S A
z X y
x(Down) y(Down) z(Down)
Pos2 Pos4 Pos6

2 AERAAR R

Fig.2 Six-position transposition diagram
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Tab.2 Setting values of gyroscope error parameters

Gyro Gyro Gyro Gyro

P t
arameter scope 1 scope2 scope3 scope4

Bias/(°)-h™ 0.6 0.5 -0.3 0.4
Scale factor/bits*((°)/s)™ 170000 170000 170000 170000

Installation error dug;/(") 40 40 40 40
Installation error 6vg;/(") 40 40 40 40
Noise/(°)-h ™2 0.01 0.01 0.01 0.01

R 3 MEEITRESEILE

Tab.3 Setting values of accelerometer error parameters

Parameter Accelerometer 1 Accelerometer 2 Accelerometer 3 Accelerometer 4
Bias/mg 0.3 0.2 -0.4 0.5
Scale factor/bits-((°)/s)”" 1 1 1 1
Installation error ou;/(") 40 40 40 40
Installation error 6vz;/(") 40 40 40 40
Noise/mg-h™'? 0.02 0.02 0.02 0.02
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BUORY SRR R B bR 58 S5 SRR ZETE 0.1% LAY, X ss

x4 FERRBRER

Tab.4 Simulation results

Fiber optic Accelerometer

gyroscope Preset Simulation results Error param(c):ters Preset Simulation results Error
parameters

be1/(°)-h7! 0.6 0.5874 2.10% byi/mg 0.3 0.3056 1.87%
bg2/(°)-h7! 0.5 0.5098 1.96% byr/mg 0.2 0.1991 0.45%
bg3/(°)-h7! -0.3 —0.2877 4.10% by3/mg -0.4 -0.3926 1.85%
bea/(°)-h7! 0.4 0.3753 6.18% bfy/mg 0.5 0.4991 0.18%

K1 /bits-((°)/s)7! 170000 170142.54048690  0.0838% Ky /bits- (m/s?)”! 1 1.000004 47 0.000004%
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Continued Tab.4
Fiber optic . . Accelerometer . .
gyroscope Preset Simulation results Error Preset Simulation results Error
parameters parameters
Ko /bits - ((°)/s)7! 170000 170024.96320257  0.0147%  Kyo/bits-(m/s?)~! 1 0.99965628 0.0003%
Kg3/bits - ((°)/s)~! 170000 169981.63378409  0.0108%  Ky3/bits-(m/s?)~! 1 1.000196 96 0.0002%
Kea/bits - ((°)/s)~! 170000 169981.53174746  0.0109%  Ky4/bits-(m/s?)~! 1 0.99979333 0.0002%
Hgix 1.939255x10™*  1.939254x 1074  0.0001% Hpix 1.939255x10™*  1.939257x10™%  0.0001%
Hgy 1.939255x107™*  1.939254x10™*  0.0001% Hyiy 1.939255x10™*  1.939258x10™*  0.0002%
Hgl, -1 -0.999999 0.000 1% Hpy; -1 -0.999999 0.0001%
Hpy 0.942633 0.942775 0.0151% Hp 0.942633 0.942775 0.0151%
Hgoy —2.474 740 x 10™* —2.472355x10™*  0.0964% Hpoy —2.474 740 x 10™* —2.472524x10™*  0.0896%
Hg, 0.333378 0.333428 0.0150% Hpo, 0.333378 0.333429 0.0153%
Hgsx -0.471261 -0.471270 0.0019% H sy -0.471261 -0.471236 0.0053%
Hygsy 0.816626 0.816554 0.0088% Hpsy 0.816626 0.816583 0.0053%
Hgs, 0.333378 0.333384 0.0018% Hps, 0.333378 0.333361 0.005 1%
Hgax -0.471373 —0.471427 0.0115% H ax -0.471373 -0.471418 0.009 5%
Hgyy -0.816379 -0.816450 0.0087% Hpyy -0.816379 -0.816458 0.0097%
Hgs, 0.333378 0.333416 0.0114% Hyy, 0.333378 0.333409 0.0093%

FETT AR 2205 e K B = T OLLF FE R IR E A8 EXG I .
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and accelerometer

Tab.5 Technical specification of fiber optic gyroscope

Parameter name

Parameter indicator

BT R 6 B E IR, W 5 PR,

system

4 IEPYTEI{A RINS 4544

Fig.4 Structure diagram of tetrahedral redundant inertial navigation
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R 7R,
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Tab.6 Gyroscope error calibration results

Fiber optic gyroscope Calibration Fiber optic gyroscope Calibration

parameters results parameters results
bgi /(°)-h7! 00541  Ka/bits- /9™ 10001
bea/(°)-h7! 00524 Kea/bits- (/9™ 17595 05
be3/(°)-h7! 0.0780  Kea/bits- (/9™ 179653 99
bea/C)-h™! 11961 Kea/bits (/9701697 15
Hgx ~0.0015 Hgsx -0.4703
Hyg1y —0.0034 Hgsy 0.8168
Hgi; ~1.0000 Hgs, 0.3340
Hgox 0.9418 Hgax —0.4673
Hgoy 0.0016 Hgay -0.8186
He. 0.3362 Hes: 0.3339
7 MEEHRERCLER
Tab.7 Accelerometer error calibration results
Accelerometer  Calibration Accelerometer Calibration
parameters results parameters results
bplg 00167 Kn/bis /)T g 0650
bplg 00087 Kn/bis /ST g6gq
by3/g 0.0109 Kj3/bits - (m/s)™! 0.9907
bralg 00020 Krafbits- (/)T oy 6
Hyix -3.1590x 1073 Hpsx —0.4734
Hpiy —1.2257x1074 Hysy -0.8152
Hpy, ~1.0000 Hpz 0.3337
Hpay 09428 Hyax ~0.4696
Hpay ~0.0019 Hay ~0.8173
Hpy, 03335 Hya; 0.3338

422 #HIEFAREE

Ry 5 UE AR E 25 S A R0, 4 I DO TR RINS il
BT RIAT6 FESCREN | h BT H 5L
RT3 i) ik D s 5 R 2 M S I I T AR
RINS (245 BB A B A Ak, 25 A& 6~8 R o
MEE 6 7 LA Y, bk A2 J5 B9 1E DU T & RINS #4578
£ URATD AR RO T RS AR E MR R . DAL 7 AT
T, I FH D AR R B V) AR 1) R A o 3R B
TRKAmES , b o Je 2 B o P FORG B A AR K42 T o
WE S fin, drg i 1hdb w8 3% 22 A 61.0655 km
FEMK 2 0.4767 km, 1 h 7R [n] i 5 5% 22 M 161.2027 km

> 0 Original data
= 02 ¢ After calibration
é 70.4 i L 1 1 1 1 1 L
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Time/s
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E 004 | After calibration
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Time/s
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= 01 }
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6 SRR
Fig.6 Attitude error of navigation solution
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Fig.7 Velocity error of navigation solution
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Fig.8 Position error of navigation solution
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Tab.8 Gyroscope turntable test results

Rotating way

Factory parameter

Calibration parameter

Standard value/(°)s™!

Compensation result/(°)-s™

Relative error

Compensation result /(°)-s™

x(clockwise) 10 10.0126
x(counterclockwise) -10 —9.9687
y(clockwise) 10 9.9842
y(counterclockwise) -10 —9.9825
z(clockwise) 10 9.9709
z(counterclockwise) -10 -9.9599

0.00126 9.9932 —0.00068
—0.00313 —10.0011 0.00011

—0.00158 9.9967 —0.00037
—0.00175 —9.9903 —0.00097
—0.00291 9.9995 —0.00005
—0.00401 —10.004 6 0.00046

R MEEHTESIXRER

Tab.9 Accelerometer turntable test results

Factory parameter

Calibration parameter

Position Standard value/m-s’
Compensation result/m-s” Relative error Compensation result Relative error
x(up) 9.8014 9.8046 3.2648 E-4 9.8022 —8.1621 E-5
x(down) —9.8014 —9.7952 -6.3256 E-4 —9.8014 0
y(up) 9.8014 9.8020 6.1216 E-5 9.8011 3.06079 E-5
y(down) —9.8014 —9.7987 —2.7547 E-4 —9.8017 —3.0608 E-5
z(up) 9.8014 9.7957 -5.8155E-4 9.8029 -1.5304 E-4
z(down) —9.8014 —9.7994 —2.0405 E-4 —9.8029 —-1.5304 E-4
M 8 IR 9 I EE Rl I, X B PR A 5 2 #

J7 AR E IR 22 S RO L BB AR

L HAE A

XRZEBINT ) SR A 45 2R, FRRIE %07

A R

(1) 42 i —Fh B X 1E P AR RINS B 2545 1 T7 1%,
AARE DG ET B SR BT BT A B E PR IR 2 S

20210784-9

Relative error



s

%7

ISk A2

29 www.irla.cn

B A E A b B PR BOR 230 22, 0t 18 e ke
Fe Lty | 5% 65 S IR B A, A7 1 R A, 92 PR, 48
W, T 2RI E .

H

(2) 8 A 4y FARX B T U Y, 3% 07 0 0] A RA0bR
PEAS PR BT A IR ZE S M AL e ST ik 4 45

AT LU, bn e e i S AUSCR B R A8 T R E
A SRR, Bk 7207 LR IERYE . 5% B 152,
PRI UE 1 b s 75 ¥ A 20, S A U AR i B A8
RGPS E TR M T EESE

S 3k

(1]

Wang Wei. Development of new inertial technology and its
application

Engineering, 2016, 45(3): 0301001. (in Chinese)

in aerospace field [J]. Infrared and Laser
Wang Wei, Xing Chaoyang, Feng Wenshuai. Research of
autonomous navigation technology [J]. Acta Aeronautica et
Astronautica Sinica, 2021, 42(11): 18-36. (in Chinese)

Liu Ying, Zhao Xiaodong, Li Yan, et al. Optimize and analysis
of fiber optic gyroscope combination bracket based on
redundancy design [J]. Infrared and Laser Engineering, 2012,
41(6): 1556-1560. (in Chinese)

Zhu Ting, Wang Lifen, Wang Yongrang, et al. Carrier angular
motion isolation and modulation method of dual-axis rotation
inertial navigation system [J]. Chinese Journal of Scientific
Instrument, 2020, 41(12): 66-75. (in Chinese)

Ren Yuan, Wang Lifen, Miao Jisong, et al. Non-coaxial Rotation
Compound Modulation Technology for Strapdown Inertial
Navigation System[M]. Beijing: National Defense Industry
Press, 2020. (in Chinese)

Pittelkau M E. Calibration and attitude determination with
redundant inertial measurement units [J]. Journal of Guidance
Control & Dynamics, 2012, 28(4): 743-752.

Zhao Xingiang, Chao Daihong, Song Lailiang. A method to
calibrate skewed RSINS by single-axis turntable [J]. Navigation
and Control, 2014, 13(3): 19-25, 55. (in Chinese)

Wei Lili, Huang Jun, Fu Changsong, et al. Calibration method of
FOG strapdown IMU with asked sensor axis [J]. Journal of
Chinese Inertial Technology, 2015, 23(1): 14-19. (in Chinese)
Liang Haibo, Liang Jie, Meng Gong, et al. Method of laboratory
calibration for redundant gyroscope unit [J]. Aerospace Control,

2016, 34(1): 9-14, 19. (in Chinese)

20210784-10

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Cheng Jianhua, Liu Ming, Wang Zhenmin. Calibration method
of redundant INS based on output error observation of gyroscope
[J]. Journal of Chinese Inertial Technology, 2019, 27(3): 301-
306,396. (in Chinese)

Li Yang, Guo Lei, Ge Jingyu, et al. Research on redundant
MEMS-IMU calibration technology based on output error
observation [J]. Navigation Positioning & Timing, 2020, 7(1):
133-138. (in Chinese)

Gheorghe M V, Bodea M C, Dobrescu L. Calibration of skew
redundant sensor configurations in the presence of field
alignment errors [J]. IEEE Transactions on Instrumentation
and Measurement, 2019, 69(4): 1794-1804.

Wang Jian, Liang Jian, Han Houzeng. Method for low-cost IMU
in-field calibration through multi-position rotation [J]. Journal
of Chinese Inertial Technology, 2017, 25(3): 294-298. (in
Chinese)

Wang Suier, Yang Gongliu, Wang Lifen, et al. A fast calibration
method for the all biases of IMU [J]. Journal of Chinese
Inertial Technology, 2020, 28(3): 316-322. (in Chinese)

Yang Guanjingzi, Li Jianchen, Huang Hai, et al. Non-turntable
calibration method for three-accelerometer based on genetic
algorithm [J]. Journal of Chinese Inertial Technology, 2017,
25(1): 119-123. (in Chinese)

Gao Shuang, Zhang Ruoyu. Rapid calibration method of MEMS
accelerometer based on adaptive GA [J]. Journal of Beijing
University of Aeronautics and Astronautics, 2019, 45(10):
1982-1989. (in Chinese)

Dai Hongde, Zheng Weiwei, Zheng Baidong, et al. Calibration
of MEMS accelerometer without turntable based on IFOA [J].
Journal of Beijing University of Aeronautics and Astronautics,
2021, 47(10): 1959-1968. (in Chinese)

Hu Mengchun, Xu Ting, Huang Yunke, et al. Optimization
method for calibration of redundant structure FOG IMU [J].
Aerospace Shanghai, 2016, 33(S1): 134-139. (in Chinese)

Silva F O, Hemerly E M, Leite-Filho W C. Error analysis of
analytical coarse alignment formulation for stationary SINS [J].
IEEE Transactions on Aerospace and Electronic System, 2016,
52(4): 1777-1796.

Silva F O, Hemerly E M, Leite-Filho W C, et al. A fast in-field
coarse alignment and bias estimation method for stationary
IEEE Transactions on

intermediate-grade IMUs  [J].

Instrumentation and Measurement, 2017, 67(4): 831-838.


https://doi.org/10.3969/j.issn.1007-2276.2012.06.029
https://doi.org/10.3969/j.issn.1674-5558.2014.03.004
https://doi.org/10.3969/j.issn.1674-5558.2014.03.004
https://doi.org/10.3969/j.issn.1006-3242.2016.01.002
https://doi.org/10.1109/TAES.2016.7738355
https://doi.org/10.3969/j.issn.1007-2276.2012.06.029
https://doi.org/10.3969/j.issn.1674-5558.2014.03.004
https://doi.org/10.3969/j.issn.1674-5558.2014.03.004
https://doi.org/10.3969/j.issn.1006-3242.2016.01.002
https://doi.org/10.1109/TAES.2016.7738355
https://doi.org/10.3969/j.issn.1007-2276.2012.06.029
https://doi.org/10.3969/j.issn.1674-5558.2014.03.004
https://doi.org/10.3969/j.issn.1674-5558.2014.03.004
https://doi.org/10.3969/j.issn.1006-3242.2016.01.002
https://doi.org/10.1109/TAES.2016.7738355
https://doi.org/10.3969/j.issn.1007-2276.2012.06.029
https://doi.org/10.3969/j.issn.1674-5558.2014.03.004
https://doi.org/10.3969/j.issn.1674-5558.2014.03.004
https://doi.org/10.3969/j.issn.1006-3242.2016.01.002
https://doi.org/10.1109/TAES.2016.7738355
https://doi.org/10.1109/TAES.2016.7738355

	0 引　言
	1 正四面体冗余惯导系统误差模型
	2 基于解析粗对准姿态误差矩阵的零偏标定方案
	3 标度因数误差及安装误差标定方案
	3.1 陀螺仪标定方案
	3.2 加速度计标定方案

	4 仿真及试验验证
	4.1 仿真试验验证
	4.2 样机试验验证
	4.2.1 标定试验
	4.2.2 静基座导航试验
	4.2.3 转台试验


	5 结　论

