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Recent Development Trends of Fiber Optic Gyroscope
in Space Application
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ABSTRACT

This paper discusses recent development trends of fiber optic gyroscope (FOG) in space
application. Fiber optic gyroscope utilizes Sagnac effect to measure the angular rate of a rotating
object in space. Having a rather short development history compared to ring laser gyroscope (RLG),
the fiber optic gyroscope, owing to the emerging technologies in fiber optic society and the digital
signal processing technique, reveals itself as a noteworthy replacement of the ring laser gyroscope in
the space mission. This paper summarizes the current trends of fiber optic gyroscope based on the
actual products commercialized in the market over the last decades, while presenting the future

development trends of the fiber optic gyroscope in the space exploration.
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Company Space gyro technologies
HON (US) RLG, MEMS, FOG
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JAE (JPN) Intermediate grade FOG
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Parameters Value

Meas. Range +90 deg/sec
39bit 0.00030175 arcsec/LSB
Resolution (fixed)
S 16bit 0.05 or 1.6 arcsec/LSB
(based on input rate)

Scale Factor Stability

(16 hr) < 100 ppm (30)

Bias Stability, (16 hr) < 0.007 deg/hr (1o0)

Angle Random Walk < 0.00085 deg/~+hr (1o0)
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Parameters Unit Value
Dynamic Range deg/sec +1000
Scale Factor Stability ppm (10) < 100

Bias Repeatability deg/hr (lo) <1

Bias Stability (1 hr) deg/hr (1o) <0.1
Angle Random Walk deg/+hr (10) | < 0.07
Input Axis Alignment purad (lo) < 100
Bandwidth Ha 200

(@400Hz Data Rate)
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Parameters Unit Value
Rate Range deg/sec +16
Scale Factor Stability ppm <1
Bias Stability (1 hr) deg/hr 0.00065
Angle Random Walk deg/+hr < 0.00025
Optical Head Size cm 16.5(D)x3(H)
?(gi?)gl]{dztkll)ata Rate) tz 10~200
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. FOG System Model
Parameters Unit - - -
Astrix 120 Astrix 120HR Astrix 200
Full Performance Meas. Range deg/sec +10 +10 +5
Meas. Range deg/sec +40 +40 +10
Scale Factor Value arcsec/LSB 0.048 0.048 0.005
Linearity ppm (30) < 30 < 30 < 10
Asymmetry ppm (30) < 30 < 30 < 10
I-TSaCcatl(fr irtl?ibﬁfgitzret;elrmn;?r;t:nge ppm (max) < 140 < 300 <15
Thermal Sensitivity ppm (max) < 100 < 100 < 100
Stability end of life ppm (max) < 300 < 300 < 300
Repeatability deg/hr (30) < 0.01 < 0.01 < 0.01
Bias Stability over lhr deg/hr (30) < 0.01 < 0.01 < 0.002
Magnetic Sensitivity deg/hr/G (30) < 0.02 < 0.02 < 0.001
Angle Random Walk deg/~hr (1o) < 0.002 < 0.003 < 0.0002
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Parameters Value
Full Range +140 deg/s
Scale Factor .05 arcsec/LSB
Scale Factor Stability (30) < 50 ppm
?ga;ers i?g)tor Stability after < 1000 ppm
Bias Stability over lhr (30) < 0.1 deg/hr
Bias Stability after 15yrs (30) < 0.8 deg/hr
Angle Random Walk < 0.01 deg/~hr
Absolute alignment stability < 1 arcmin

a8 9. EADS Astrium(AhD 2 Astrix 3M2

% 8/2 (2010) pp. 76~85 81

223 4B e
Ao FAfAtelZ S
(MPC), 719, A& gF A2 A JAE)S 2] 3AF
FEZ olFox g AR QoM I-FOG
(Interferometric FOG) 7] & 2] o| 24 &35 Fof
ol A= 1991 el ¢-F72 AFd ko] TR-1AE =70
o] A4 A ojol| 1-FOG 7} & 2= AL-&-% o] F 5 3] 9]
habel] B AFakar ATh[10,11] HEgH, 1997 o
= 97 A3 A0 M-V 29 AA] Alojgo
2 I-FOG 7} A& = o] 9149 A A=F91S 918l
A& At
1991d5-5] 1998W7bA] 71 NASDA TR-1A
2= JAEONA  A|Z3E  Intermediate w2
[-FOGE AHgslelt). 53] Aol M-V Al o
= mzEA AEMPC)e] MFG-200 MOD-1¢]
o] I-FOGE AR&stITH12]. M-V ZALA|
%= (Inertial Navigation and Guidance;
ING) A" A5 FUAFH 2ga
AEFHo]~ fHo] 7 Azi e A=
;Lze 7 A (29 10 Fx) 19939 29 209
8] X-Ray &5 Ud5-E Z= ASTRO-D
AHEA 420kg)'€ % 525~615km HEel] T
37] 18k M-3SI-7 ARel MFG-200 MOD-1
Aol 2E ARG AP AI RS EAlste] FOG
AR GA ] M-V A4 7HsAdS ERlske 1
3 AFS skt MFG-200 MOD-1< #}o]
25 AR IAEAI 2R HE A Ade
& 8% Zrh ulgAlg A MPColA st
FOG INS9] &d4d%5o AAE 94 FH4& 9
WA 872 AS SRS UHEEs g 4

A5
ATt

U F R

=)
o
ool
iy

FOL- 1\

38 10. M-V ING AlAH FH & ZAFXI0IZ
(MFG-200 MOD-



82 A5 /I35

E 7. MFG-200 MOD-1 85 734

21 714 % 3F 8/2 (2010) pp. 76~85

E 9. JG-34F M5 7%

Parameters Value Parameters Value
Size 105%105X46.5 mm Signal processing type Closed-loop
Weight <1000 gram Size 77X38%27 mm

Maximum Detection Rate +250 deg/sec

Range

+1000 deg/sec

Bias Short-Term Stability <0.01 deg/sec (lo) Random walk 0.1 deg/~hr
Nominal Bias Stability <0.02 deg/sec (lo) Nominal bias stability <1 deg/hr (10)
Non-Linearity <100 ppm (reading) Scale factor error 0.05% (1o)

Scale Factor Stability <10 ppm (1o)

Operating Temperature -20 ~ +70 T

H 8 MFG-200 EHR BHAMEHHAIAR HIYAIE Hat
75 v A | AT A
Align | Azimuth +1 deg 0.052 deg
ment Elevation +1 deg 0.040 deg
(3000
sec) Roll +1 deg 0.001 deg
) X | £10 m/sec | -0.34 m/sec
. | Velocity
Navig 5 Y | £10 m/sec | 0.27 m/sec
rror
ation 7Z | £10 m/sec | 0.72 m/sec
(700s . |FWD| 3 km -0.079 km
Position
ec) LAT| %10 km 0.047 km
Error
ALT +3 km 0.210 km
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Parameters Value
Signal processing type Closed-loop

Size 55X94.5X43 mm
Range +360 deg/sec
Random walk 0.005 deg/+hr
Nominal bias stability <0.03 deg/hr (10)

Scale factor error

150ppm (1lo)
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Parameters

Value

Angle random walk

0.0005 deg/+hr (1o)

Bias stability

0.002 deg/h (10)

Dynamic range

+10 deg/sec

Scale factor

0.002 arcsec/inc

Scale factor stability

10 ppm (30)

Misalignment stability

18 arcsec

E 12. JAE high performance EZAIE J|&

Parameters

Value

Temperature range

-20 ~ 60 C

Sinusoidal vibration

25 g (5-100 Hz)

Random vibration

17 / 10.4 grms

(out / in plane)

Pyro shock

2000 g

Radiation

100 krad
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IFOG = Interferometric Fiber-Optic Gyro

MENS = Microelectromechanical Systems
MOEMS = Micro-Optical-Electromechanical Systems
QUARTZ = Coriolis Sensor
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