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» Type No. : MFG-200 MOD- I
 Size » 105 X105% 46.5 (H) mm
* Weight : =950¢9

e Fiber Length : 1,000 m
« Scale Factor : 1kHz/(deg/sec)

 Detection Range : = *540 deg/sec
° i il - <
* EfgIRH: SETLLCav et Bias Stability : =0.03 deg/hr (10)
 Operating + -20~+70 °C
Temperature

References
1. Nasu et al., “Development of the FOG system for space”,
Proc. of 25th Meeting on Lightwave Sensing Technology, pp.23-29, June 2000.

MPC Proprietary
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JAXA st te Sakai et al. (2006)“In- orblt Performance Evaluat|on of Temperature
* 'ﬂh\i’] * Controlled Small Fiber Optical Gyro on Microsatellite REIMEI,” Proceedings

Microsatellite Reimei ofthe 18th Iternational Conference on Optical Fiber Sensors, TUES, p-
Purpose :Observation of Aurora Structure hlt%eZ:}/www.opticsinfobase.org/abstract.cfm?URI=OFS—2006—TuE3
Size 172X 62 X 62cm I-FOGs for Microsatellite Reimei
Mass  :72kg Size 185X 34 X 37mm

Drift :0.1° /h(on orbit)

SF error :0.05%

Ref(1) : http://www.isas.jaxa.jp/jlindex.shtml

Ref(2) : OFS-18 poster session TUE3(10/26 PM) Closed loop I-FOG
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REIMEI/MAGC observation o iniesi0seewn

REIMEI 20095 Sep. Zt?m crz 7 |

T=19:17:46.9688 T=19:17:47.0938 UT=19:17:47.1875 UT=19:17:47.3125 UT=19:17:47.4375 UT=19:17:47.5625 UT=19:17:47.6875

ode-S, Exp. 40ms@dode-S, Exp. 40msddode-S, Exp. 40msddode-S, Exp. 40msddode-S, Exp. 40msddode-S, Exp. 40msddode-S, Exp. 40msec.
Ch.2 (557.7 nm) Ch.2 (557.7 nm) Ch.2 (557.7 nm) Ch.2 (557.7 nm) Ch.2 (557.7 nm) Ch.2 (557.7 nm) Ch.2 (557.7 nm)
Ch.3 (670 nm) Ch.3 (670 nm) Ch.3 (670 nm) Ch.3 (670 nm) Ch.3 (670 nm) Ch.3 (670 nm) Ch.3 (670 nm)
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BT TEERSH (AD)
Camera stabilizer

* BAMZ

with I-FOG
B 32 B#k#Rat &4t (Hitachi Cable, Ltd.) S JAE - ——
- - - T h ‘aznmmmm’fmw*
Far I'IaVIgatlon- 100,000 axes sold ;E?ﬁz*mffﬁ/fimwmﬁmﬁﬂ<B$ﬂﬁ§%¥1§9§i1ﬂ)
in late 1990. B L/
Hitachi Cable, Ltd. -

+ Humanoid robot,
+ Head-mount display for VR
+ etc.

AW
P b

¥ THEUNIVERSITYOFTOKYO | RC-Helicopter controller, Yammer

* vov—t4it




7L ODEHFIEH.

'
S
¥

3-axis camcorder
stabilizer for Helicopter

Stability : 5uyrad

Ref: Proc. OFS-15 2002

I-FOG for camcorder

stabilizer - | _
JAE Aerospace Div. Proprietary Japan Aviation Electronics Ind LTD

Copyright © 2006, Japan Aviation Electronics Industry, Ltd. ATMFNEGR IR BAMZEEFIEHRK S GAE)
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ZFEDEEIZEKY,
CCICHRASNTUOV=ERZHIBRLELT =,

EZFEDHEEIZEKY.
ASIMO (Honda) D #B 4\ Bk (& AN TV -EERE

ﬁlmﬁbi L/f:o

ASIMO (Honda) B E

3-axis IMU foar HONDA ASIMO
« Small size I-FOG and accelerometer

» High speed data communication
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sk Divakaruni and Sanders (2006) "Fiber Optic Gyros: A Compelling Choice for High Precision
Applications," 18th International Conference on Optical Fiber Sensors (OFS-18), MC2, p.4, Fig.3.

+ Angle random walk: 79udeg/vhr 5004 T1/[8]Ex
+ Bias error: 0.00005deg/hr

+ Scale factor error: 0.4ppm Honeywell#t
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..................... . X-axis
.

EDF ASSY

= FOG . ‘ H

EDF P — :
WDM coupler coupler . E &]Ler == SMF coil :

g ~— : 1| X-axis _ 3000m :

) t i ec lg—"" ) PEIO , :

Pump LD

coupler = =

JAES High performance closed loop I-FOG

EDF ASE source :Power out of fiber=100mW

-L=3km, R=7cm , 4-axis/single light source configuration
% ARW=0.0005deg/\h

JAE Aerospace Div. Proprietary Japan Aviation Electronics Ind LTD

* d

Copyright © 2006, Japan Aviation Electronics Industry, Ltd. ZSARHNER SIS : B AR ET T 2t 2t (JAE)
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Polarizer Phase modulator

Coupler 7'_ __J‘/

Sensing fiber coil

A B
< Traveling time in the fiber = t2-f0 >
Temp.
o4 Temp. for CW wave _

—_—
—_—
-

Temp.(t=t2)  _ -~
Temp. for CCW wave  _ — —

——
——
—_—

”””””” Temp.(t=t1)
'(——-::___X.
T~ Temp.(t=to) |
* A Position B

Reprinted from Optical Fiber Technology, 3(4) , K. Hotate, Fiber Sensor Technology
Today, 356-402, p.365, Fig.4, Copyright 1997, with permission from Elsevier.
http://www.sciencedirect.com/science/article/pii/S1068520097902303

BEEHBEFYIN I /LD
BENTNFEEETHIEXRELERFYIE
[ ayRTHR ]

BR:EI274/\2/ I TEREZES
HIEAKX (b)) ETUNLTUERK (c)

SLD

P

b)

Optical filter e

Detector “"/SB S

|/Q

K. Hotate (1997) "Future Evolution of

Fiber Optic Gyros," Optical Review 4(1A):

28-34, p.29, Fig.1.
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Carrier suppression by b-PSK

PR

M1
| pomaL .
p2—p| FEEDBA
SCHEME

K
sinikt) (k<<q) &SGER bs 5
DF

A -
UATOR

vcol

sk P> P3
Takiguchi and Hotate (1991) CLOSED ;
"Partially digital-feedback scheme and L D2
evaluation of optical Kerr-effect induced

bias in optical passive ring-resonator

gyro," Photonics Technology Letters 3(7):
679-681, p.679, Fig.1.
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Hotate and Kikuchi (2001)

"Analysis of the thermo-optically

induced bias drift in resonator
fiber optic gyro," Proceedings of

SPIE 4204, Fiber Optic Sensor

Technology 11, 81-88, p.84,

Figs.5, 6; p.87, Figs.14, 15
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FoEOas 1> R-FOG

I-FOGH X EERBREER

FOIN O AR

CCW side

+f S.CEW -f S.CCW

Pl controler

A

»
|

Ref : fscw [kHz]

90°
splice

Reset voltage

Var [y

-
-
-
-
PR
-

AV =2n/n Y

r-— ; Flyback time

§<— Stair step =t

Amplitude

time

nt

SIFRZERIZLLT
= S g
VIREEIR !

CCW side

Ref:r [kHz] —=| L1A4

Ref : p [kHZz]

Y

CW side
+sow  -fscw
VR CWI /]/ / JEIN N
p
A

LIA3

A

7 PP2 LA
L »

LIA2 =

—_—

AX1

Y

Gyro output
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Signal “Low”

/ \ r RIEERROE LA RIETS

v

REAESATO2L O A ERICKY PO B REEL T
BFIERERITIRER -A—N\— 2T TRIR

TETFOAIL O AUERIZLY

AX modulator Laser frequency

Signal “High”

Laser frequency

[/

E;” /|/|/1/\N\l\ fo-fs,cw fo+fs,cw :
S, Output of _.___. N d [
‘ CCW side j :
5 Output of CW side

Pt Resonant frequency difference
_>| :4_
bl (= Sagnac effect)

Voltage

time

Voltage

time

fo-fs cw+Afs Efo+fs,cw+Afs
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Resonance

CW side

Intensity
.
—— v — ]

-EamEYRICIEE — OB IR S HVELN .
-RAWMELL BT LLTELLZL CCW side

-
Hotate and Hayashi (1999) "Resonator fiber optic gyro using digital §
serrodyne modulation: Method to reduce the noise induced by the =
backscattering and closed-loop operation using digital signal processing," | i
Proceedings of SPIE 3746, International Conference on Optical Fiber Sensors Ll sk
(OFS-13), Kyongju, Tu-4-1, pp.104-107, <Invited>, p.106, Figs.3, 4. "Bhcow faccw Frequency
]5 ! ! ! i EI i ' ' il ! ) j ' i 'E i ’ ’ ' : 3 T T T — ! T L i T T ! T T T T ! ) L] T
10 | 2 E_.¢ ........... oo e R R =300msec... ]
o C 2.1 degfsec
;‘ 5 C — ‘l :—. ................... s e a0 R A S B B A B _:‘
" A -
s Ot 2 of
Q C . g & ]
Q S ORRD ..~f ... 2
:3 - : g ._I :—- ..................................................................................... _-'
i e - (b) ]
- B T PP R PROS SRR BPE=R R —
-15 = = . [ — -3 . 1 | s e !
-10 -5 10
-10 -5 0 5 10
[sec] [sec]
%k %k

TN EOFT(UARICLIRARABERTOEAMNR (R
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Bl FEBED [a] L

“High” — Af=+3.7kHz  “Low” — Af = - 3.7kHz

Difference of resonant frequency = 0 Hz

High : Low =50 : 50

Sagnac
f? t Average
effect o FAD —»| ||| (> > 0 Hz
>| Digital filter

1 bit digital signal

Difference of resonant frequency = 74 Hz

High : Low =51 :49

Sagnac

effect _ram L—ual! I Average

=== AD t—>» —/ > 74 H7
>| Digital filter

1 bit digital signal o
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Frequency output

R Ty 4...[...1..-4---1-.-];..;-_‘r‘_J-_..J..;_l,_v.iv._.J...,g-;;l; b ichisn il i

0 8 16 24 32 40 *
(a) [Sec.]

T T T T T T | T T T T T T T T T T

- CW; 75deg/h

Hotate and Hayashi (1999)
"Resonator fiber optic gyro
using digital serrodyne
modulation: Method to
reduce the noise induced by
the backscattering and
closed-loop operation using

.....................................................................................

Frequency output
~,
3

digital signal processing," ? """""" R e P E
Proceedings of SPIE 3746, ..o B C CW 7 75deg/,h B T S - — 3
International Conference on : : :
OptICal Flber Sensors (OFS_ G i 1 1 1 i 1 I 1 1 1 1 1 1 1 1 1 l 1 1 1 1 1 1 1 1 1 | 1 1 1 ]

13), Kyongju, Tu-4-1, 0 5 | 10 15 *
pp.104-107, <lInvited>,

p.107, Fig.9. (b) [Sec.]
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TN R T LD IO
BOCDAZ =t

Frequency (GHz)

]
TETSEnan Pouatpa Beaosd .4
"

* 19.65 19.70 19.75 19.80 19.85 19.90 19.95 20.00 20.05 20.10 20.15 20.20 20.25
Disrace m)

22 fERE: 5em, BITE 7747 K :500m,
HIEZEE : 10 times/sec

Yokogawa Electric
Mitsubishi Heavy Industry
The University of Tokyo

EEE-OEEA - EHER - BIF = -SRA AL -BEA LR EIFX- RIMCOF

FHEKX(2007) M E 1B S EBOCDAR RS D71/ ) g g

[E30E¢ S o 5 i R 2 2 ]163-170. p.167. 6. 8(a) Lightwave Sensing Technology
BLURRRSAR 2007. 6
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Mitsubishi Heavy
Industry: MU-300

Nov. 1, 2007
Twice Flights !/

Mitsubishi Heavy Industry
Yokogawa Electric

Yari et al. (2008) "Aircraft structural health monitoring using on-board 3 3
* BocDA system," Proceedings of SPIE 6933, Smart Sensor Phenomena, The UﬂIVefSIty Of TOky o
Technology, Networks, and Systems 2008, 69330S, Fig.5. RIMCOF
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Business Jet, MU-300,
with the Fiber Optic
Nerve System
(BOCDA system)

P

Mitsubishi Heavy Industry
Yokogawa Electric
The University of Tokyo
RIMCOF

T. Yari, “Strain Monitoring by the Brillouin Optical Correlation Domain Analysis Method,” Symposium on Advanced Materials &

Process Development for Next Generation Aircraft Structures, Tokyo, Jan. 21, 22, 2008. #RASAF

ARG, BEFEEETRERMEZRABSHMEIR - M IR TOC 1T —ITHL B ER S EMFHR IO

—RELT. REREE - EEMHAREARBE R . KM 2—) EMHIOZMIZE DEEEL-LDTH D, 69
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OF sensor

Strain gage %

(back side)
Monitoring portion Monitoring portion
(Fuselage upper panel) (close up)

Mitsubishi Heavy Industry
Yokogawa Electric

MU-300 with fiber optic nerve system LI O

T. Yari, “Strain Monitoring by the Brillouin Optical Correlation Domain Analysis Method,” Symposium on Advanced Materials &
Process Development for Next Generation Aircraft Structures, Tokyo, Jan. 21, 22, 2008. #RASAF
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T. Yari, “Strain Monitoring by the Brillouin Optical Correlation Domain Analysis Method,” Symposium on Advanced Materials & Process
Development for Next Generation Aircraft Structures, Tokyo, Jan. 21, 22, 2008. &R FIK
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due to the cabin pressure !!
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