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B2 -2 (b)) ERTIIk, AREEREEROB—%— Fk7 > 1 00—
TTEBEHMALBERELE > T W3, SagnachBic X D HFR & 2 LK o f248
§A¢m\ﬁ(z-s);buT@mT@K?Eienéo
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A ¢ =(4kSN/Co) Q=(47w La/Cal)Q. (2. 8)

RELIN: 77480 —T 08K, T 2,

X774 "UBRKORE ©. 77 ANDEBRIEBEAFE, Th. 754
muﬂ&ﬁﬁﬁ&%t&m\¥&ﬁmm%<:&%ﬂ%?\%@%ﬁﬁmﬁ%m
%méﬁénmho%@tw\¥§%ms<ﬁotiif774ﬂﬁ%ﬁ§-ﬁ
=ME§3T§<?5C&E&11\%@§m¥%%ﬁﬁﬁfééoA¢%%%E
mMﬁL\3(2-8)#éQ%ibé@ﬁ%%ﬂ%7y4mv+4u@ﬁ@?
» %o

%%ﬂ%774mv+4uﬁ%ﬁﬂ%&?b%h&mvyfv—#9+4nw
Eenagﬁmmva4vﬁ§mﬁénmmoit\¥§¢%ﬁ@%$%@%@
ﬂ%m;o\mo%ﬁmmﬂm\%%ﬂm\Eﬁﬁmﬁﬂ%snfﬁb\ﬁﬁv
aéo&%@Amm%%%ﬁﬁbénruéoitﬁﬁvu\%ﬁmﬁ&?%ﬁ
ﬁ%¢H<L~ﬁ:zFT¢~ﬁﬁ§®9+4n§ﬁ55a?6§6ﬁﬁkmm
PTETWVWB[21]-[24]0 - BREO Y + 4 v i, BEHBEO) -5 ¥ —y
EVVZiA@%&%ﬁ&LTﬁﬁéhThéoitm%ﬁwﬁﬁﬁﬁﬁﬁéb
f:%*ﬁfi“/“+4D.OJFE%AG.%‘%%%’)ii(zim\&%ién%[zsl-[ss]o

BREL TR, BE V-V BE(M]. RV —HR[5] LB kY > PERES
B, Ba -V YIRBEHMAE NG, BERSLISH VS M35, B
&EGEEQEQKﬁEﬁaaoﬁﬁ?a%néwﬁﬁﬁéﬁﬂféémaLT\
ﬁiﬁF*7%774N%mhtﬁ:t—vyzﬁﬁ@ﬁ%%ﬁhv&émﬂo

(3) REBMY v /HI{EHFKXK Y + 4 2 (Optical Passive Ring-Resonator Gy-
ro: OPRG) [101, [12]-[14], [16]1-[201, [37]-[41]
B2 -2 (c) ERTIIR, BREBOAN—TZ 5, $230RET 5 4 v
5 &EBTE B,
REBWAE. BEBY) Y rREBE L AERT 3 EORHEE KL % b5
THBCELL, RREC— 7 0B (HEY) OEBCX3ZLEME L THERE
I+ Ao BBRTE S, MEAYAKEORERATR. R (2 - 7) EEKE. I
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ToXckRxh 3,

Af=(4S/21L)Q. ‘ (2 -9)

A-7iﬁ~§5h@%7r4ﬂﬁ7§®ﬁ%$%%b\%%mfmﬁﬁéﬁ@
SR PORROI L~V R EBD B LRI DABEREO 7 s 2 2 EHA & B
5c&ﬂﬂ2?5%o%@tbﬁyyyfw_féﬁﬁﬁvééoﬁﬂ%u%7
TANKEBRIHIONTH D, FHER7 >4 P v 41 D100 DIBE T H
50¢-ﬁﬁ§®9+4n?&nﬁ\%%ﬁ%imﬂﬁt~@0@%%T§9+
49%%ﬁ%ﬁfséo%@tb\ﬁ%mﬁﬁﬁ@%mﬁﬁw&%ﬂh\wﬁﬂ
-ﬁﬁ%kﬁﬁ%?%éocnw&w%w?574an17?4919+4uf
b B,

it\ﬁﬁﬂUVV#ﬁﬁE%9v4nK$hTﬂ\FJﬁE%ﬁ%?%?é
:tmbmmwyfvmﬁ%ﬁﬂ%?$6®?‘ﬁmﬂthﬁ%ﬁﬁﬁtnrm
%, .
.PKmﬁﬁﬁﬁmé\$9+4n%G%%?@K%LTE%-%EWEméﬁﬁ
ﬁﬁhnfméﬁ\%ﬁ%%ﬁ%%%?%otb\ﬁﬁﬁx+ﬁfﬁok0?5
HMEBERSWLS o255 3 [42]-160]0
$9+4nﬁﬁfﬁ\%%K#ﬁﬁﬁéﬁétbmut—vVXQEm%ﬁw
Eisnao%ﬁ?m\¥%¢V—ﬁmEmm~dﬂuhuu\¥ng—#
[%PHHHE@W%ﬁﬁAThéoﬁ%?ﬁﬁﬁ“ﬂhwﬂ\ﬁ%?ﬂﬁﬁw
kHz[TT] DK s h T W 3,
it\ﬁ&%ﬁ%774ﬂfﬁ&ént%9+4wﬁ®i¥\&U%@Eﬂ&
mo%ﬁﬁﬁmew%MMo74zzLowéciauv¢#ﬁ%%ﬁ&Ltw
bHESh TV B8],

(4) 420475422+ 4w (Micro-Optics Gyro: MOG) [89],[90]
Bl2-2 (d) ERT&Ik, AEERECERIBEEO Y v 7 £IES %5

Bl, Z0oY Y7 REROLARBUEEZANAL CHERBEF SV v A 0T 3,

gxmmm‘%ﬁ@uy¢%ﬁ33%9+4m@1ﬁ?$o\K(z-g)vi
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RENIARBENLEANEL., AEFEEATS 2,
HEZESEtentB ol d, 2oBHARY - EREOARICEL Lo, =
LOWHNEES AR THZ L VS RERFEEZES 3,
%%iﬁ@éﬁé\Exmmm%ﬁﬂvVV%EEK%9+4D&EU?§&
Lﬁb$-ﬁﬁ§%?&5c&%%i%&\%ﬁ~%%ﬁﬁ%%ﬁ£m%f?a
BEBRZLR2D, THHY Y 7 #EFREC + 14 o i~ MEREERER
MRALTELIEHYRTE 5, EROICRIrad/sNIcBE T2 FY o b P A
E&snkEE@&%?£D\%%m%-%%%%@%mﬁb1m<%%ﬁ$&
WHBEY v 7 IRBE R, EHPMMA (Polynethyl Methacrylate) ot ik BE
[81]. LiNbOs7 wm b ¥ ZXME MIKBE [92]. 4 & 358 # 5 2 WK K [93]. aHRER
ﬁizg&%HH{wH%TQ%&Wﬁiéoiﬁﬁﬁ%®¢?6%%ﬁ52$
BEEROCAEEREE R, BESK1I~1dB/cnEF. w4 20t 75 402 0
vAPRKEEST 2HMERITERSE (EEL0en, 7 4 X X30~50BF) MR
kﬂ@tmoL#LE%%ﬁazﬁﬁ%Ta\ﬁ%womeaﬁogﬁ%&bl
MULEBEWRESZR STV 2961, [98]1-[100]c EE6enT 7 4 % X SOEE D
VY THRBRBROIBRENTBOI[N], v 4 It TFF4 22V 940y vri
CRBOBRENEHTH I EE L Oh 3,

(8) 7YnV7»v—¥<+ 4a (Brillouin Ring Laser Gyro: B-RLG) [102]-
[105]

B2-2 (e) ERTEIR, B7r I "HEBTY Y 7 RBEE2HBR L. 2
@¢m%:t~vvx@v~ﬁ%%&ﬁ%%ﬁ&k%?%o?%&ﬁﬁ%¢?$
L7V V7 v HESHEBBS A, HEEB 7 >4 L —FE L@, 5
LTRon v —¥kbSagnac) R2% VU, SABE L CREEHEF CHA L~
MEDAMOE - PARKSEBREN B, SOV v 4 oidle-Neb — ¥ THEL -
VYTV F I A 0DRT s A NIREVWSI T EHTE, - FEARKBORD
R(2-7) cHadhdo

7uw?yuyfv—ﬁ9+4nm2$mw%$éﬂt&mbv\EE%EE
FHBBITONARE TS 5. VYV —F Ve 4 nlERR. vows4vBES
BRASN B, 5HRI0On 71 VBRORELAHT, BEEHO X iR
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TOMKOMULET » T BERS 3,

AHATH. BOTHEABRTEY v 4 e EFTEZ A D, SHOPREA
EH&h 3,

2-3. REBYV Y IrERIAXT vt voEER
Kfﬁmomru\ifﬁ%ﬁ?%&bt%uvf#ﬁ%m&av+4n%@
%ﬁﬁﬁbntmﬂ.uma&E\%774ﬂpﬁﬁﬁ%%%%tbt%ﬁﬁmﬁ
BHFABED S 47 [44], [45],
®2~3(a)ﬁ‘HMEK?XUﬂé%@@?ﬁ%;—ﬂvvlﬂkﬁb%
ﬁ%énh9v4n&LT@%$%T$5wﬂoﬁ%ﬁ@ﬁbbm%774ﬂﬁ
Tﬁﬁ%hén‘#ﬁ%%ﬁ-@ﬁ—%—F774NT%ﬁénTU%o#ﬁﬁ
@74*MMMT$6°ﬁ@b%mﬁﬁ%ﬁ%wﬁb\~ﬁ®#ﬁ%ﬁ%%ht
ﬁ&%ﬁ-%mﬁﬁ%oﬂﬁéﬁﬁL\ﬁ%@%ﬁ&ﬁ&bf@ﬁﬁﬁ&%wﬁ
?6%ﬁmmo1méoxﬁiﬁfﬁ\@Ew&%ﬁﬁﬁﬁﬁ®§m%%¥%$
Pl s (Acous{_;'to—Optic Modulator: AOM) OHBE KM 2L A TE VI 2 B
BRSO, ARECKALABARKOBIES A M & h b (58],
@2-3(a)mﬁmruﬁﬁp—vﬁﬂ«mﬁ%&bf\%774ﬁmﬁ§
%%nnw&DE@D%@E%E&&&%%ME?%&%m&ﬁ&%%ﬂw\E
%%t%£V—Uﬁﬁ%t®$%&ﬁﬁﬁﬁﬁﬁﬂtm5;5K1%ﬁménf
Who COKR. K23 (b)) AT L3, 0BEIicbi - T0.5deg/h (B
SRELID) T 2EHSRESEER S 7 [38],
L#L\5(&?Cﬂﬁﬁﬁ%ﬁ%ﬁ?\Eﬁ%mﬁﬁmkv7b%ﬁ®§&
DleHRRB, BE V- YBADA OB A R RS ER N T 20 B OLETS 5,
Toft, WCOLDRHEY VIR BRFRAES v A0 EREESGLE xh
W B A [54], [561-[60]. WA BEHMNEFERIE>DVTOREI DT, 270
BEERCHT30EEA5. EMNRFY 7 F 2ERLARERERT & ho

W 7T W

FHERECBOTHBEL R 2 BESLER R, KRB0 £ — v vz [40], [41],
[46]. ﬁfi%@ﬁuo]—fuzl\ A —FR[40], [411,[51]. MBEEic L2 7 5 5 7 —
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# R [40], (411, [551, [1061, [107]. R K #EZ 8 [40], [411, [52]. BEVv—-UH
&L (381, [401, [411, [481, [46], [49], [50], [531% & ELES 3, = DB EF k.
KAOPREZEZRLR VS 2PRFSATVE, ZHHY vy #HEERE U 4 4
nOMEERNEZONELRZ T LD ONEL - 1TH 2,

CORODHPIB, EHFEBALEEIATVAVLO (RREH) 2. W&
BRATHRTES b0 (BRELH. X1 —PE. BHRE) BEET 2, EHHA
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TARRBTIHEER L ZOME

Noise Sources

Descriptions

Countermeasures

Coherence of light
source

-*

To obtain sharp resonance characteristics, a light
source with a narrow spectrum linewidth is required
(100 kHz for aircraft navigation) [48]

Narrowing of the LD's spectrum linewidth is
important [46]

Thermal fluctua-
tion in fiber
resonator

-

When the temperature of optical fiber fluctuates
unevenly in the longitudinal direction, the output
varies {after Shupe [42]).

w

Optical fiber is wound so that thermal
distribution becomes symmetric with the
fiber center along its length [42]. Since
the fiber length is shorter than [FOG, the
influence is relatively small [42].

Optical Kerr
effect in fiber
resonator

*

+*

Optical Kerr effect induces the bias proportional to
the power imbalance between C¥ and CCW propagating
waves [51]. ]
Variation in the coupling ratio of fiber coupler, and/
or that in the modulation index of FM or PM for
catching the resonance peak causes the drift [51].

Modulate the 1ight source intensity using a
square vave having a duty factor of 50 %
Modulation frequency becomes as high as 100
Mz [51].

Faraday effect due
to the earth’s
magnetism

The optical fiber functions as a Faraday element due
to the earth’s magnetism, which generates bias in
combination with the retarding effect of the fiber
(551, [106], C[1o071.

*

*

High birefringence of polarization-
maintaining fiber can reduce the drift [55]
(1061, [107].

Removal of special twist component is
effective [§5], [106], [107].

Polarization cou-
pling in fiber
resonator . .

»w

The resonance characteristics are given by the special

. state.of polarization, named Eigen-State of Polariza-

-

tion- (ESOP), in the fiber resonator. There are two
independent ESOP"s [52]
When one ESOP resonance dip is approached by the other

ESOP resonance dip, a large drift takes place [52].

Rayleigh back-
scattering in
fiber resonator

L 3

Cal. [43D).

¥ The former shows twin peaks in
the resonance under the
rotation, which induces gyro
nonlinearity {461, [491., [53].

Backscattering gen-
erated in the reso-
nator forms two com-
ponents with reso-
nance characteris-
tics [46]: Backscat-

¥

Apply PM or FM at differenct frequencies to
CW and CC¥ waves, and synchronously detect

- to reject the noise component [46], [49],

[53].

\

tered intensity it- | #
self [46] and inter-
ference between
backscattering and
the signal wave
(after Sanders et

The latter induces an output
fluctutation in open loop
operation [43], [46], and
lock-in effect in closed loop
operation (after Zarinetchi et
al. [s0]).

¥

Apply PM or FM to C¥ or CCW wave to suppress
its carrier frequency [38], [50]. Require-
ment for the suppression ratio is rather se-
vere.
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» 74 Y7 Y7 (Lock-In Amplifier: LIA) TRIMRE 23 3, TOBRDOLIAK A
B, B -/ ERRE L HOMBEGL THAL LR TELCE 5,
BMHORRYE ~ 7 BEEST 5 & 5 DPROOBIEL £ 12, UToRX %79,

Di(()+D2(f-AB'L)+D3((.(—AB'L)=O. (3 - 8)
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INTENSITY P

SEPARATION
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j

%
L
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2 n=x 2(n+ 1)x

(POINT TO BE MEASURED)

ROUND-TRIP PHASE-SHIFT ¢

0° EEMEEEER LAY Y I HEBEE o RS 1 n: B
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i ly Di(i=1-3): R (8 - 1), (3 .3). (3 4), 5301k (3 - 6)
DEIFEDLICLBMEY, AB" CODEERBEREO CHERE, T5 2, 5
LA (3 - 6) OFaiI. E3HBEEL R WV,
ﬁ(s-s)fw\@3-4\3~5mﬁ?ﬁm\$%m®6ﬂ@ﬁﬁﬁmm
WOoNBNETH B, DadkDs (3 - 1D%) OEFEEN, RIEOK3 -4, 3 -
smﬁ?ﬁm\Eﬁﬁﬂﬂﬁﬁ#é@fﬂ%ﬂ%ﬁ:h
%ﬁﬁé@ﬁﬁﬁmawfnu\@ﬁ%ﬁ&mkifibf‘

Ca A
AQ izl (¢ -2nz), (3 -9)

ERBo RFELL Co: . A: REOKE. L: REBOEL. r: HEEoy
B on: BE. T5 5,

AEDRORBHEEOBAE AR cuy EHDROKBESEOBIEA £ con, 2 (
3 -8) ZHWwWTKR» 3, Achi?i‘E@‘QﬁE@Hjﬁ%%i%ﬁL\ A Qcu-AQeccu
BEGWEOEMOEBUN. 2509+ 4 0OWAN 47 %551 5,

3-5. HARZOFHEHE[2]-16]

3-4ﬁ®%%%§m\ﬁﬁﬁ%%7r4wvﬁmbtuyf#ﬁﬁmaﬁa
E@D%Ggﬁﬁ#6®fn%ﬂﬁ?éoCG?%K%MT%%@%@&OT&%
&ﬁﬁ?éw\:@c&ﬁﬁﬁoﬁﬁ%%méﬁﬂhca%ﬁﬁbto

@3-6m\%774Nﬁ%¥ﬁééﬁééﬁh%éwomT\E@b%ﬂﬁ
ﬁﬁmémfﬂ&ﬁ&ﬁ%%7r4ﬂmﬁﬁﬁlEmﬁ%ﬁﬁﬁmﬁﬁi(AB
L\Aﬁ:774N®ﬁEﬁ)&@@%%ﬁtruéoAﬁLmﬁﬁﬁmﬁgﬁﬁ
wﬁmbrmaoa%@ﬁﬁ&ﬁ%w;Nﬁf~9@1o@55AﬁAL@ﬁu;
DREEIT 30 €0 F b, ABALBHANA 7R BBE I 2 H 1B A7,
LmLCQ%éTQ‘ﬁfﬁU—F%ﬁTGﬁﬁ%ﬁ@&ﬁ§@B§ﬁ%ELT
hamtbm\ﬁ%ﬁ%ﬁﬁm#ﬁbrm%c&mmﬁémmoLﬁt\ﬁﬂ%
ﬁ&ﬁﬂ%&ﬁmbrméc&mum&

M3 -.6.kn, UToks3RENnbh s,
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ERROR(rad/s)

1074+ N POLARIZER

——— e
"—*-‘_“-_-—._.-———.—

3
/
/

ey
o
1
/

1078} » \
| WITHOUT \
10-9} POLARIZER |

10-10 1 1 1
0) 90 180

(2 m =)
ABL(deg) -TEMPERATURE CHANGE-

K3 -6 (a) HEVAOHEAD» SOTHEBELH L 0ME 6i: A5t
REEE7 74 FEREBEOMWMEN, n: BY, BETS o 6=0.1°, 7
7ANOBEN : A B=5,000rad/n, 77 A NE: L=15n, ERFOELE: ¢ 2=
20dB, FIREBOD 7 4 % = : F=50, HE: A=1.3pn HEEEE: r=0.05n
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ERROR(rad/s)

"
<
NN

K 3

e T N
QQ
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e

<
&)
T

1076}
1077 |
108
1079}

i

—
\*——_ﬁ
~‘.—-—.-—-.—-—_

WITHOUT
POLARIZER

-10
10 o

180

(2 m =)

-6 (b)

ABL(deg) -TEMPERATURE CHANGE-

TEODXOHIER» SO T EEELH & 0 & n: B,

6 =1.0°,

A B=5000rad/m,

L=15m, & 2=20dB, F=50,
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(1) ABL~2nz (m: B¥) OB, HABEREFICAECB>TWE, Ch
FCOoRRiRR, BEHERBERESORE. 45° BOLESEE. &2 Vid45° FHu
EHEAREICESE, 2 20 EARBEREMOBNRER SR ERASBES N3
HTHD, SHLRIOBA, HERBIEAVIIHRBEY— 7 c REHRIE L — 7
BREALCER-LRBERZ LD TH 2, CORBIR. RLAD I V—T Bl
BLURMOHMATHIEB/EATVE[21]e $4. V7S5 BATCORBESOHE %
BIrLAWXTod, ERBEBEEBBRE LTV 3 [22]-[26]0

(2) BRERBERENY » 4 "OREWEBEAESLVWES, 774 ~EET
By XN (8 -1). (8-3) DE2HEOBMREWET 20EN TS 5[1]o L
PLERBPTORBH TN OBARELRB L, ABLOfichddbod. BEE
WREDB 7 74 "OREWDPSThh24d, REFRE2EOHNBEEZMET i
(BB S5 -BHMTHBELALLI K, REBOHH B cZB AN ELTF
BE3IHEEEAH T
TOLDLWTROBPNIVEEIRI., ABLYnz OBEERBRVWTEEEERE
W77 A4ANORBEWIETE, 77 ANRAFRSIBEI THALELED &
WRIIEHTESL (K3 -6 (a))o LOLOBAKERBECR., 774 ~F
KFRPA-THANBZEHMMIRCTLESHERAES2 (K3 -6 (b)) o

3—-6. ¥&»

EKEGTORBEB T L VETIZHEY) v 7 #HFEFRA LY r 1 v0oHHE
ZEERALLFMUK EFVELTHE. REEBLY » 41 v THR S LR
BRFEREBTIADEL » b0, 2hickvEF2hLhdZRLABOZAV
7o |

FHEORKR 77 A NEEWHOKIRE | HOMMEZEN L OB [E T ik,
HEBCRERBANBENEL B EBDH - 1o

T, FARTOFMEO D, B—REXL7 »r 4 N THRLALY » 7HIESR,
fBEHZ90° HEERLALY Y7 HBRRBEoVTHERLEFT - #o
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M&3A — X (3-1), (3-2) oty —

REEET S cowThic MG 5 RETHIR(S YEL BTk CRBE xh 3,

cos b -siné

R(O )= . (3A-1)
siné cos b

RRL. 6: HENS CORBMThOBE TS 2,

F iR & 0 TR, ilﬁ?’ﬂﬁﬁei:iofﬁﬁiﬁé’%‘ﬂsﬁ@*ﬁf&h ChM&ELT
W3 LEX B, Ca)i%é‘ﬁ'i&ﬁﬁ?%%?rfff\*@fiii%ﬁF'JA(eb)li\ UFoXx>ics
8 35 [20],

A(¢d )=exp(-iBavz)C(¢). (3 A:2)
e L.
C11 Ciz
C(¢)= . (3A-3)
C21 Cz2
Ci1=C227=cos(7 2)-j{A B /(27 ))sin(7 2), (8 A-4)
Ct2=-Co1=(¢ /7 )sin(7p z), (3A-5)
1={(A B/2)%+¢2)172, (3A-6)
,Bav=(/3x+/34v)/2. (3A-7)
AB=Bx-By, : | (3A-38)
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¢ =6 /L. (3A-9)

LRORXEBOT, sBREHRKBERL TV I, 28 i(i=x, Yl 774 ~DfE
KE-FORMERTEH 2, BITOLDOERIZ, 77 4 ~OFEM. Bl —5K
L 774 "0 LheEHhi@lETEZIERELTW 3,

X (3A-1), (3A-2) k0, HFEVXOERESR 1 HOBRZTHTcwit Bl
FTokd>icEsh s,

Tew={(1-x){1-70)}'"% - AC(¢) | z=L2- R(O) * A($) | z=11

ti11cu tiacwu
={(1-x){(1-78)} ' 2exp(-j B avl) . (3A-10)
t21cw t22cu

P rll DN

titew=te2cn”=(1/2)cos6 {cos(n L)+cos(n AL)}+{8 /(7 L)}sinb sin(n L)
-(1/2) {6 /(7 L)}?cos 6 {cos(n AL)-cos(7n L))
~(1/2) (A B /(27 ))2c0s8 {cos(n AL)-cos(z L))

-i{A B/(27)}[cos@ sin(n L)
+{6 /(nL)}sin® {cos(n AL)-cos(nL)}1,

(3A-11)

t1zcu=-tz21cw =-(1/2)sin6 {cos(n L)+cos(n AL)}+{6 /(nL)}cos@ sin(n L)
+(1/2) {6 /(7 L)}?%sin6 {cos(n AL)-cos(n L)}
-(1/2){A B/(21)}%sin6 {cos(n AL)-cos(n L)}

-j(AB/(2n))sinb sin(n AL), (8A-12)

THED. k: WTSOEEHR, rve: " 750BABETH 3. CZTL AT 5

DRERAFHERBEN TSI EREL 7
H(3A-10) £, TcuDEEANRNZ PV Atcus A2cwE. TR EFhicHiBL
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TeBH N7 P (Xiew, Yiew) . (Xacu, Yacu) & it UTok3ickedsh 3,

Lacw={(1-£)(1-70) (| ti1cu| 2+ t1acu | 2))1-2. exp{i(E -8 avl)},

(8A -1

Aeew={(1-x ) (1-7 @) (| t11cu| 2+ | t12cu | 2)}172. exp{-j(E+Bavl)},

(3 A1

Xtcw 1

k , (8A-1
Yicw Yicw'
Xocw Xzcw'

k . (3 A -1
Yocw 1

i

ol rell O
2 271-2 :
tanf = [{Im(t11cu)}®+ | tiocw | 2] ' (3A-1
Re(t11cw)

_ 1

) Ci+ ] treew | 72 (Im(tercw)=[{In(t11cu)} 24| trzcw | 2]172) 2] 12
(3A-1

Yicw == I (Im(trrew)=-[{InCtr1cu)}?+ | t12cu | 2]1172) ’ (3 A -1

— t12cwu
Xocw =— t12cy v (3 A -2

Jo(ImCtrrew)+[{ImCtrtcu)}2+ | t12cuw | 21172) °
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4)

5)

6)

7)

8)

9)

0)




K774 NRETFOERFTFIP (i=1,2) it HHOLDIELE—-FEO s v x
=7 2BET 2L, UToRERTCENnTE 3,

I:l Oi]
Pi= . (8A-21)
0 £ i

e le ei®(i=1,2): iIBEOREFOMEKLETS 30 # - T
E1cw=P1 * Eecw, (3A:-22)
Edcu=P2 + Eacw, (3A-23)

EVWISBHENREBELON B, R PVE1cw& EscuE DREIICH T OBGE M S 2 [1],
Escu={(1-70)/(1-6 )} 2{(1-k )-«x igcu"”}hcu. (3A-24)

AT IRAHTBROBR NS b ABiculte R (3A-15). (SA-16)
TEENB 20 0EERERBOBELBATHENS, Chid. REEOERS
Flazy YHERTOT, 2 0BEHE7 ANEREREETHELHTH
Bo R (3A-22) — (3A-24) BHVT. BRHEA | Bacw | 2HETF 0 &
SEREETH B,

| Bacw | 2={(1-78)/(1-x)) [ | acu | 2{| X1cw | 2+& 22| Yicw| 2} | U1 ] 2
+| bew | 2{| Xacu | 2+& 22| Yacw | 2} | U2 2
+2k2(1-¢ 22)Re(acu_'bcuU1'U2X2cu' )].
(3A-25)

L.

_52_.




| U1 ] 2=(1-£¢ ) {1-

| U2 | 2=(1-k ) (1-

C1
Cz2+Cssin®(B81L/2)

Ci
C2+C3sin®(B 2L/2)

b,

b,

(3 A2

(3A-

2k2(1~¢ 22)Re(acu'bcuUt'U2X2cu')=k‘E82(1—e 22){G1(F1cuGa+F2cuH2)

(3A-2
acw=(1/2"2)Eak(1+& 1Y1cw' ), (3A-2
bew=(1/2'"2)Eak (Xzcw' "+ 1), (3A-38
Ci=x {1-(1-7 a) (| tncul2+|t12cu‘[ 2)}, (3A-3
Co=[1-{(1-r ) (1-7 a) (| tircw | 24| t12cu | 2)}172]2, (3A -3
Ca=4{(1-x)(1-7 ) (| tr1cw | 24| t12cu | 2)}172, (3A-3
B 1=arg(X 1cw)/L, (3A:3
B 2=arg(A 2cw) /L, (3A-3
Fiew=(1-&1%) | Xacw' | 24+& 1(1-| Xacu' | 2)Re(X2cu'), (3A-3
Focu=g 1(1+ | Xacw' | ) Im(X2cu’), (3A-3
Gi=(1/2) {(2-K)- = ), (3A-

Ca+Casin®(B ilL/2).
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-H1 (-FicuwHa+FacwGa)},

6)

7)

8)

9)

0)

1)

2)

3)

4)

5)

6)

7)

8)




Cssin(B iL/2)

B CatCesin® (B iL/2) (34-39)
Ca=r (1-(1-K) (17 0) (| tricu | 24 | trzcu | 2)) (3A-40)
Cs=r {(1-K) (1-7 @) (| tr1cu | 2+ | t1acu| 2)} 172, (3A-«41)
Eo?= | Eacw | 2. (3A-42)

X (3A:25) ZEe®THEH > bOMBRK (3 - 1) THEH., R (83A-26) .,
(3A-27) &K (3 -2) 2RLTW3,

f183B — X (3 -3) omm —— o
E@U%@#ﬁﬁlﬁmﬁﬁvbu7z%hwﬂ\ﬁ(3A-10)t@ﬁm
LT, Bl Toks5icko oh 2,
Tecew={(1-k ) (1-7 n)]"e-A(~¢)lz=L1-R(-6)-A(—¢)|z=L2
t11ccwu tizcew

={(1-k)(1-7 8)} ""2exp (-j B avl) . (8B -1)
t21ccu teaccw

o2l X (3B 1) o=+ Y 7 2ERtiicew(i,j=1, )R, DITo x5 s
Eh 3,

t1i1ccu=taz2ccu’=t11cw, (3B - 2)
t12ccw=-t21ccu =-t1ocu”. v (3B -3)

X (3B-1) - (3B-3) kb, TccuPEHF R MV A tcews Az2ccwé.
ThERCHBLABEE N2 v (X1cew, Yicew) . (Xacew, Yacew) & 02, Bl F o &
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SR 5N B,

Ai1ccw=A 1cw, ‘ (3B - 4)
Az2ccu=2 2cw, ‘ (3B - 5)
Xiccw 1
= k . (3B - 6)
Yiccw Yiccw’
Xaccw Xacew’
=k . (3B'7)
Yaccw 1
P2 el DN
Yicew =Yicuw ™, ‘ (3B - 8)

X2ccw =Xzcw' (3B -9)
ﬁﬁSA&ﬁﬁ@%ﬁmib\E@D%@ﬁﬁﬁﬁlhmﬂaﬁ\uT®&5
KRHE T h 3,

| Eacew | 2={(1-70)/(1~x )} (| accu | 2{] X1ccu | 2+& 12| Yicew | 2) | U1 | 2
+ 1 becw | 2{] Xoceu | 246 12 | Yoceu | 2 Uz | 2
wem 42k (1= 12)Re(accubeewlt"UzXzcew' )) .

(3B -10)
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2k®(1-& 1®)Re(accw beewlt " UzKkaccy' )=k Eq? (1-212) {G1(F1ccuGe+Facculz)

~Hi(-Ficcwla+FaccwGa)},

(8B -11)
accw=(1/2'"2)Eak (1+¢ 2Yiew'), (3B +12)
beew=(1/2'"2)Eak (Xocw' +& 2), (3B -13)
Fiecu=(1-¢ 2%) | Xacw' | 246 2(1- | Xacu' | 2)Re(X2cu' ), (3B -14)
Facew=-2 2(1+ | X2cw' | 2)Im(X2cw'). (3B -15)

X(83B-10) 2 (3A-25) ChEBT 2L, EEHVRXOBERR Y &
1 E@D%@%hkfﬂblﬁ?&ﬁ‘t‘#iﬁ#‘%cé:)b*rbm%o X(383B-10) %
| Baccw | 2 (=Ea2) TE o/ b0, R (3 - 3) I B,

&3 c — X (3-4)., (3-5) ol —

B—FEX7 >4 32301k 7 54 MMEAEFORRGIICR. T4 q0nL
NEJWELALBHE, DFToRTEEh 3 [270

C11 C12
C=exp(7 avZ) . (3 C - 1)
C21 Ceo

ol il D
Cri=exp{-(A a/2+jA B/2)z}, ' (8c: 2)
C12=Ca1=0, ‘- (3¢C-3)
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Cee=exp{(A a /2+jA B /2)z}, (3C-4)

Aa=ax-ay, ' (8C- 5)
AB=Bx-By, (8C=-6)
vava-{(axta y)/2+i (B x+B y)/2} =~(a avtjBav), (8C-17)

ai(i=x,y): BWOEE, Bi(i=x,y): BHOGHMER. T& 3, BBax<ay
THDdE L -8B E B, 7rANHORKI v X b—2 BEELTW 3,
FEOXOHRIER 1 AOREZFHTIE. UToXTtHL5h 3,

T={(1-x )(1-7 )} '“2exp(7 avl) + C| z=12 - R(6 )« C| z=L1

={(1-x)(l-7r0)}'"2exp(7 avl)

cosB exp{~(A a /2+iA B /2)L}) » -sinf exp{(A a /2+iA B /2) A L)
sin@ exp{-(A a /2+iA B /2)A L) cos @ exp{(A a /2+jA B /2)L)
t1 t12 :
= {(1-k)(1l-7 8)} V" 2exp(7 avl) . (38cC- 8)
ta21 ta2
7o L.
cos @ ~-siné
R(6 )= , (3¢C-9)
siné cos @

K: W T50EGME. vre: W T S50BAEEK. T 5,
AT, RIRTIFHERERTOBE~7 b rvic, XBREREBTIOESE@ED
FRARKZHEZAMEST B[], $TEEBEA1. A 22HELAERE. DUTOoX 3
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8 - Tio

A1={(1-£)(1-7 )} ' "®Pexp(-a avL) exp{i (7 -8 avl)} /2, (3
Ae={(1-x)(1-70)} ""%Qexp(-a avL)exp{j (6 -8 avl)} /2. (3
P rell AN

P= ([Re(t11) {1+exp(A @ L)} -N'"2¢cos(F /2)]2 |
+[Im(t11) {1-exp(A a L)} -N'"2sin(E /2)]12) 172, (3

Q= ([Re(t11) {1+exp(A a L)} +N'"2cos(F /2)]2

*lIm(t11) {1-exp(A @ L)} +N'"2sin (& /2)]2) 172, (3

tangp = Im(t11) {1-exp(A a L)}-N'""25in( £ /2)
Re(t11) (1+exp(A a L)) -N""2cos (£ /2) ° (3

Im(t11) {1-exp(A a L)} +N'“2sin(¥ /2)
Re(t11) {1+exp(A e L)} +N'’2¢cos (£ /2)

tand = (3

N=[ ([Re(t11) {1+exp(A aL)}]2~[lm(tn){1-exp(A’aL)}]2—4] 2

+4[Re(t11)Im(t11) {1-exp(2A a l)}]12] -2, (3

2Re(t11)Im(t11) {1-exp(2A a L)}
[Re(t11) {1+exp(A a L)} 12-[Im(t11) {1-exp(A a L)} ]2-4

tan¥ =

(3

TH 3,

- 13)

+14)

- 15)

Tl A1y L2202 NPHENBELABESE RS F AT, V2B FTo &5 ieks

5 3,
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X1
Vi= =(1/k1) . (3C-18)
Y1 -{t11-Pexp(in )/2} / t12
X2 ~t12,/ {t11-Qexp(jé )/2}
Vo= =(1/kz2) (3C+19)
Yo
i A PN
. 1
T | t11 | 2-P{cosn Re(t11)+sinn Im(t11)} +P2/4]1,/ | t12 | 2) 172"
(8cCc-2 Q)
1
ke=

(1+ | t12| 270 t11 ]| 2-Q{cosS Re(t11)+sind Im(t11)}+Q2/4]) 172"

(3C-21)

THd, ST ERV\[LAOERTANTR2=2 U {ERET VDT, Vi, V28
EREELEB-TWRW, XL, FHAERIATY 3,

AHEEIR, e1ZAHXO 7 7y A N T2 I EREDTREEHRT S &,
UFok>icR&EN 3, ‘

1
E1=21"2 |j ] =aV1+bVz. (3C-22)
E1

e L.

an 2172 (t11+e 1t12-Qexp(id )/2) ' (3C-23)
k1 {Pexp(jn )-Qexp(id )} ,
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2V72{t11-Qexp(i6 )/2) {t11+¢ 1t12-Pexp(jn )/2}

b= . (38 ¢C -

kat12{Pexp(j 7 )-Qexp(jé))

Tdh b,
BsEEr & Oz, ITOBE»MNH 3 [1].

E3={(1—70)/(1-Ic)}“2{(1-Ic)—fc:223“”}E1. (3¢ -

X (8C-22) 2HVBER(3C-25) BUTFTOL> itk 3,

Ea={(1-78)/(1-£ )} 2{(1-k )-& ?:5"”} (aV1+bV2)

2 4)

25)

=((1-70)/(1-% )} 172 {(1- x ) (aV1+bVa) - x (av,?:"oa 1"”+bV2°2°01 2 1Y)
n= n=

={(l-70)/(1-£)}'"2 [ (1-k ) (aVi+bV2)

~k [a{A21/(1-2 1)}Vi+b{2 2/(1-2 2)}V2])

={(1-70)/(1-£ )} 2[a{(1-k -2 1)/(1-2 1)} V1i+b{(1-Kk -2 2)/ (1~ X 2)} Va].

(3 ¢C -
o | Bs | 2=Bs - 'Ba= {(1-78)/(1-k )} (LR1+LR2+LR3). (8¢ -
ol ol AN
Ci1
LR1= 2r1~ 3¢C -
= lal ol CotCasin? (7 - avl)/2) (
C
LR2= | b | 2[1- - 1. (3¢ -

Cs+Cssin®{ (6 -8 avl)/2}

LR3={2/(1—lc JIRelab™ {(1-k =2 1)/ (1-2 )} {(l-k -2 2")/(1-22°)}V1 -
(s cC-
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26)

217)

2 8)

29)

Y21,
30)




Ci=x {1-(1-7 8)P%exp(-2a avl)/4}, (3C-31)

C2=[1-{(1-7 ) /(1-£ )} ' 2Pexp(-a avl)/2]2, (8¢C-32)
Ca=2{(1-78)/(1-xk )} ""2Pexp(-a avl), (3C-33)
Ca=x {1-(1-7 8)Q%exp(-2a avl)/4}, (8C-34)
Cs=[1-{(1~7 8)/(1-x )} '"2Qexp(-a avl)/2]2, (83C-385)
Co=2{(1-7 0)/(1-x )} ""2Qexp(-a avl). - (3C-38686)

A (8C-27) OLR, LRelRe—v oy REHEToEn, R (3C-1.8).

(3C-19) OBARBREAEIRRBEERL TV B0 % 1o LReik. StiE
il HOREZEFTHITN2=9 VHERENY WD IRENZIHT. LRi&LR2E DRI
BAEBEHEETRT. R (3C-27) MR (8-4) LHBL. R (3¢ - 2

8)+ (83C-29) M, R (3-5) bl Tw s,
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LENGTH DIFFERENCE BETWEEN PORTIONS
SEPARATED BY SPLICE IN RESONATOR AL(m)
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E oM E NI A% BEEERSOREWTHE, A B=10,000rad/m,
6 i=0.5°; r=0:025m--L=10m-~2-=1. 34 m, -7 8=0.1dB, a x=0.1dB, a y=40dB,

A BL=0°
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OF INNER PRODUCT

ABSOLUTE VALUE

1 1

10 -5 0 5 10

LENGTH DIFFERENCE BETWEEN PORTIONS
SEPARATED BY SPLICE IN RESONATOR AL(m)

K4 -7 20o00BF~X7 P VEOHBOMMBELIEBEBLLI-THTS>N 325
DERHTDLO 74 "EDEEOBE N A—5 REBEERES OREIKH
¥4Hho, AB=10,000rad/m, r=0.025m, L=10m, 7 a=0.1dB, « x=0.1dB, a y=40d

B, A BL=0°
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g 10-1 Specification for
o aircraft-navigation
¥ 10721
O , .5 | 6=89 deg. (91 deg.)
5 107" I (misalignment=1 deg.)
" 1074}
10—-5 -
-6 _ F=50
107° —
-7 e Y _ _
10 100
1078
1079 |
10-10 500 . o |
| 0 90 180
A (2 m =) | |
ABL(deg) -TEMPERATURE CHANGE-
M4-10 (a) HABZLEEZHEOMHE ~52-—5: REBOT 4

* ZF, n: B¥, AfXE7rANEEWMEOMTH: 6i=0°, 74 NOHE
- ¥ A B=5000rad/m; Z-7 £ K :-L=15m, FHE: A=1.3un, FEIRF[FFER: r=

0.05m
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0] 90 180
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K4-10 (b)) HABZLEEZHEOME NITA—5: HEEDOT 4

* AP, m: BE, 6i=0°, A B=5000rad/m, L=15m, X =1.3um, r=0.05nm
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Q g =
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10t 107

\ 100N

1,000 l
0.1 1 10
(90.1) Q1) (100

MISALIGNMENT AT SPLICE (deg)

(POLARIZATION-AXIS
ROTATION)

K4 -11 FEOY+ Ao BREEUZBILDO7 4 xR LEWThAEELD

B8 (% 6 i=0°, A B=5000rad/m, L=15m, A =1.3xm, r=0.05m
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Specification for
10-2 aircraft-navigation
10_3_6=89 deg. (91 deg.)

(misalignment=1 deg.)

BIAS(rad/s)

1074}
10-5
1076

107
10-8 | 100

T

F=50

1079}

-10 1 1 - L
10 0 90 180

(2 m =x) | |
ABL(deg) -TEMPERATURE CHANGE-

B4 -12 (a) HANATREBELEH L OME NG R RIRBO
74 %RF, mn: BY, GEOAHEE T4 vED8Th: 0icw=0°, EED A
WX E7 74 08MFH: 0 iccu=1° A B=5,000rad/m, A=1.8um L=15n,

=0.05m
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1071+ Specification for
< aircraft-navigation
F10°2f
9 10-3 1 6=89 deg. (91 deg.)
2 (misalignment=1 deg.)
P 1074}
107°+
107°L
107 - — — — — — — _ Y
1081 |
1079+
-10 ! ! : !
10 0, 90 180
(2 m =)

ABL(deg) -TEMPERATURE CHANGE-
M4 12 (b)) HWHANAT7TRELEEEZHLEOME "S5 F—% . HiIRW o0

7 4% ZF, m: BH, 6icw=0°, 6 iccw=5°, A B=5000rad/m, A=1.3zm L

=15m, r=0.05m
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*Degradation of the resolution / Lock-in phenomena
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r—————=\ DETECTOR]

| [ \E]\?fa

|
I'[sa —»g—b AMP
I DBM |
| _\\ L ‘
D2-PILIA 2 [4-Q \\ , \,QS
N—
¢ HALF \\, AoM2 |
p") MIRROR_M |
P1 7 -
YAG \
| G\ Aol
‘DI-P{LIAT [¢—Q | ‘aLENs
OPEN LOOP
Pl 3
Py vcol |
CLOSED .
LOOP >@
D2
DETECTOR?

COUPLEIiZ

1 3

FIBER
POLARIZER2 ¢

COUPLER]

—

" FIBER
POLARIZER]

1 3

C20UPLEF‘(11

K5 -4 BPSkZEL Y+ I m0ERR

-104-

FIBER
LOOP

PZT

- @<¢-P

~Q
sin(qt)




(b) XE KIS

BS5-5 EBEOROEH

-105-



(d) Vv riiRs

K5 -5 EXEBEO0OZRDOEH

-106-



%5 -1 REE#BEL7 74 (PANDAZ7 7 4 %) DET

BKE (1) 1. 3
278 (em) 7

7“—3 v FE& (um) 123

7 m =z b—2 (dB/35m) - 40
@& (dB/km) <1

-107-




#5 -2 TEEREX747AT 508X

No. 751 752
HE AH /R X y X y
b ER IEIEE S 1 AH 0. 3 0. 38 0. 3 0. 2
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2 AH 0. 2 0. 3 0. 3 0. 3
43 % e 1 AH 49 5 8 5 1 6 1
(%)
2 A5 49 59 51 6 1
y o R k=2 1—3 -2 8 -3 2 - 24 - 28
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1 —4 -21 -19 -2 3 - 20
2 -3 -2 6 -27 - 27 - 30
2 — 4 - 25 - 26 - 33 - 35
FEE (dB) 1—-2 — 45 — 45
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BRXVEBCECEARR CARECAHNTIABEEEHEL. BEY XM OB
EEZRET D, 20B%. COERAEAVI—FONBECAREE DT, B
BEEERICT %,
COFEOEMEERET AEBERET V. BEES> D kr —HEHEK
FEOREVTERIELEEZRL .
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Ol 1| 1min 11 TIME

(b)) REFESHBBE

K7-8 A1 REFEREREFEOEXHE EDRER: Te=308,

100Hz=2x 10"%rad/s
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HB7TA — BEZHSE) - DEEREESRECEI2EZoRY —
SHHY YIS RBFAREY v A0 ieBVT, VY EREE0RESE (1)1
FToRTEDEH B,

Ca
=C1 (1+C2s1 - :
g(t)=C1{1+Cesin(kt+d x)}[1 1Ce(1-Ta)? (7T A1)
f=fe+fwsin(qt)+fx {1+Cosin(kt+¢ «)}+fn. (7 A - 2)

ol Ci(i=1-4): EH. fo: HEBRFAEK. fv: REFARBOLDORRKESR
ORBRBEAM. fx: XA -BHRFBEE. fn: xBREA» SO0 7 by b ¥k
A-HRBRHEOADODOBELXFAONMNMEE,. THD, X (7A- 1) OCasin(ktt
SORBEEHEERTH. XN (7TA-2) Ofisin(kt+rd OREIN-HRIT LT
FHREIOLBEZ NI T7TRELEELTW 3, |
ﬁ%ﬁﬁﬂ:&éﬁﬂ@&&ﬁﬂﬂﬁ\ﬁ(7A-1)%r?ﬁﬁLtRT$i
bh. PLTFTOoXI2XRFE&h 3,

h(t)=2C1C3Ca{1+Casin(kt+ @ «)} [fa+fx {1+Cosin(kt+ ¢ x)}]
=2C1C3Ca {fntfu+fkC2®/2+fnCasin(kt+ @ k) +2fkCosin(kt+e k)

-fxC2%cos(2kt+2 ¢ k) /2}. (7A-38)

R (7TA-3) KBVWTATZ7Ey PROR, HEHOXOFHERL V- T &
BoTWwaedbiet+a/hsv, TR, BEXEAESENFTET 28RS (X (7 A
+3) OEAIE) B, R -MEVBET IS (XN (7TA-3) OES5IE) i
MLTEHRTEDIILERERLTVWS, TOR®H, vy 24T Y TLIASTIE,
KA —-HRCERLALARABERkOR SO ERHTESZ I LIRA 3,
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HRR7TB —— EEPHoky - HERERERIOHARMB T 5 KEE
OB —

7TB—-1. ERbEXkfHloHARIcHEYT R
me(t)Z LA DREBEBOA Y V2 EE LT 3 &, LIA2o i Frpa(t) it, @k
[21], [22] &L E ki, I TOo L d>icEE 3,

p2(t)=f;l’ﬂ2(t“tﬂ)h2{fﬂ'H(pW(tB)"fﬁ(tB)"fd(tﬂ)—ka(tﬂ)}dtB. (7B 1)
7= L.
hz (f)=ba(f-fe), (7B - 2)

ha(f) : LIAZORIBRBEH A, fo: HBABER. w(t): PITA~OBRBBES. K, :
PITORIR. fa(t): SagnacRh Ric & 2 HEBE(. ta(t): AL & 2 BT (L.
Pea(t) : B2 —HRIC L BEBBEMNL. bo: TEM. Th 3. UFTR— B0,
a(t)D 577 XAEMEAG)ERBET B LT 3, p2(t) D575 2L HePa(s)it.
UToxsic&ash s,

P2(s)=baM2(s) {KpW(s)-Fs(s)-Fa(s)-Fr2(s)}. (7B -3)

Yol Folll DN
M2(s)=K2/(1+sT2), (7B -4)

Ma(s) : LINMF ORI BOREEE. Ko To: EHe Th 3. EEICHpe(t)D R
Bi3BOBBA-TED, T0EEMHBRR (7B 4) LABABIER 3,
L2LE7 - 40XBRROEE, BANF VI VEHBRBROARLSATE D
SYTHOARSRETELDT - TVW3, TOhd, BHNAESEOERAEY
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ER-o-TVEERET 2. +HbB.
W(s)=-{A2/(sT)}P2(s), | (7B - 5)

L& B FeR L. Aoy T: B, TH 2. X (7B - 3) . (7B -5) &b
Po(s)RELToD L3 ic&kah 3,

baM2(s) {Fs(s)+Fa (s)+Fk2(s))
1+{b2A2Kp/(sT)} M2 (s) : (7B f 6)

P2(s)=-

EERetr -DRCLIBAEREARIZT » 70, AFRic 2T/ 1S Y7
HBLBET B &,

Fs(s)=Fs/s,  Fx2(s)=Fkz2/s, Fa(s)=Fa/s2, (7B -7)

B-6). (7B-7) &b, |

b2K2 {s (Fs+Fk2) +F4}

Pa(s)=- s2(1+sT2) +s(b2A2KpK2/T) ° (78 -8)
“pa(e)=lin sP2(s)=-FaT/(Azks). (7B -9)

7B—-2. Ay koW RrcBE:IRE
"y 74T Y7LIMMELIAMOZE B pa(t)3. IFTOo X3 dh 2,

ps(t)=.%m1(t—tn)h1{fa—Kav(ta)+pr(ta)+fs(ta)-fd(ta)—fk1(tn)}dtn

—f;ma(t-tn)ha{fa+pr(ta)—fs(ta)-fd(tn)—sz(ta)}dta. (7B -10)
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bl rll A

h1(£)=b1 (f-fa), ' (7B -11)
mi(t) : LIAIH OB B DA ~ 20 2 RE. hi(f) : LIMMoEB®EH . vt):
mm«@ﬁ%ﬁ%%\hzmmmﬂ%\huw:%ﬁeﬁﬁmiéﬁﬁﬁgm,

b1: . TH 3, X (7B +10) D377 REWHPa(s)ZRD B &,

Pa(s)=-b1KaM1(s)V(s)+Kp {b1M1 (s)-baM2(s)}W(s)+{b1M1 (s)+b2M2(s)}Fs(s)
- {btM1(s)-baM2(s)} Fa (s)-b1M1(s)Fx1 (s)+ba2M2(s)Fk2(s),

(7B -12)
e L.
M1 (s)=K1/(1+sT1), | (7B -13)
Fr1(s)=Fk1/s, (7B 1 4.)

Mi(s) : LIMP OB BOLEZBHK. Kie Tiv Fir: ﬁﬁ?&é.o Fh. V(s)&
P3(s) oM RUToMEEN S 3,

V(s)=-A1Pz(s). (7B -15)
RIEU, M EH. TH B, R (7TB-12)., (7B - 15) &b,
Pa(s)=[1/{1-b1A1KaM1(s)}]

« [{b1M1(s)-baMa(s)} {KpW(s)-Fa(s)}+{b1M1(s)+b2M2(s)}Fs(s)

~biM1 (s)Fk1(s)+baM2(s)Fk2(s)]. (7B +186)

X (7B+4), (7TB-7). (7B-18). (7TB-14). (7B -1
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6) ZHVWAZ itk - T,

pa()=1im sPa(s)
s—0 -

={1/(1-b1A1KaK1)}

* [-{FaT/(b2A2KpK2)} (b1K1-b2K2)+2b1K1Fs+b1K1 (Fx2-Fk1)],

(7B +17)
LI B,
L. TB—10RBRE XD,
é_i_\‘)nOS{KpW(S)‘Fd(S)}=Fs+Fk2“FdT/<AQBEKpK2), (7B -18)

ERBIEERAWVWRe R (7B 17) OFE3HEED, vws4vry FLIALE
LIFEOZBHEAps()EHVT, EETEHO XBMORBZcEMER LY —HE
BEMESE Fee-Fr)2RETHTHII LB DL 3,
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BRI BFETH 2. FFER. BRNIHRLLBLEF, £7 14 ~HES
EHEOREEAVTE » 74 Y ERRTEE WS K ERAAEEo, 0THo
KBHRECKRILAOT, TOHBIO VT bR~ 3,

FFERRBEY v rRBHRAEY + 10 0a ko, BERESALEHD
@%774J\°7")w7‘/uyo‘t/——*f“iq-—fn[lz].[13]c:t>ﬁmﬁ]ﬁg'czb5<‘:%
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82, wy A YBRROBBRFEORE[14], [15]
ﬁ@ﬁﬁﬁﬁ%ﬁ%é?%mwﬁ4Vﬁ%@W%EGIO&LT\9+4u®
ﬁﬁ”472§§ﬁ?%$ﬁﬁ%iénéoUVVV-W9+4HE£H5%W
74 FEDI-IIRREN T ey 74 VBRETS 5,
#ﬁ%¢?%ﬁﬁﬁﬁébfh%%é\%EﬂUVfﬁﬁﬁﬁ%9+4nmﬁ
H%ﬁ@b%ﬁmﬁ%®ﬁﬁﬁﬁ§%¢éﬁiﬁéowv947ﬁ%%%®km
mﬁﬂ471®%%ﬁﬁbnrm%%é%%iék\ﬁ@b%@®#ﬁﬁ%ﬁﬁ
%w/mm\%W%?«f&G%ékﬁﬁmbf\MT@&5E§$néH}

[11]6

d¢ /dt=Q+Q Lsing +Q dcosw dt. (8 + 1)
o il N

Qu=r2(E2/E1) (C/L), (8 «2)

T, | 2Qu| li?f%)?.]%ﬁ'o'cmfxb\igé@m-yﬁff:/1/‘/:‘/*'6‘3350 ¥, Q:
EEARE. Qu: "4 TXEBOBABRKER. wa: <47 2EHO & E K.
Bi(i=1,2): EEROBAORME. ro: EERISBIREACL - TESRICES
THEHEERTHM. C: HEBTOLE, L: REZE. Th 3. HER (8 .
1) TR, ESHIBEIHMTHSRALOEER I T 288 1. MO~
KEBALTW 3,

X (8- 1) O, Qu) QUEEET 2L, UFOL30ER&h 5 [10],
[11],

¢ =Q t+Msinvw dt
+QL[Ja(M)cos(Q t)/Q

+J1(M) {cos(Q+wa)t/(Q+wd)-cos(Q-wa)t/(Q-w4))}

| +J2(M) {cos(Q+2w a)t/(Q+2w d)+cos(Q-2w a)t/(Q-2w 4)}

+---1. (8-3)
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b ol rolll AN
M=Q ¢/ w 4, ' (8 - 4)

Jn(n=0,1,2,---): E—FnikBessell¥. T5 2,

w=tnwd(n=0,1,2,---)BHLEN2EBES, & (8 - 3) DEIHIFFER K
ERERBD. B 74 VERBRETE LN 3, wtnwalcF s .2
TV VR, R (8+-3) XVUTFTOLIEER S [10], [11],

R=12QuIn(M) | . (8 -5)

BE->TR (8- 5) &0, JaM=0EB2 &3 CHERTES 5 (M=2.40,5.52,8. 65,
) & BEEAEERICEAT Iy 24 VESRBERS N 2, COBPEEH
Dfé\wﬁmwMFLL&"ﬁT%§?5nwﬁ4Vm%%éﬂﬁmoC@ﬁ
TZERS8 - 21ERTs LaL, JaODBREAOHTHRAICKER D ENE LTERE,

Jn(n=1,2,3, --)DEB/NPNEILRBBEDOT, w==% nwd(n=1,2,8,---)TOFBRHH %
MNELFTBIEDBTETS 2,

28 - 31, K77 4 NREBTOKS —BRE L0574 v RREORRE
BEBCRBUY YV RRFRAAES+ I n0ERRTH 5o KB E LTIt ¥k
Vo EIEYAGLY - (R 1.3un. Yo s —bEDEIE: 300kHz) [16]%
WTW2o VY I/RRBREEERE7 >4 N DTS- THRSA, HE
k. HERVFEFI, zhFh1n 0.1nTH 3, 1207 4+ %2 RHL0T H
B0 RBRBPTORBKEHONEERET 220, REBE0° BE L s
ETFVHARSBEERLANT-[24]e COY Y 7#BERB, 72 (7 -3, 48)
THWKE D EE—TH %,

PITZ3kHzO ERE TR LAKRCMEZEFEZ LT 2 Licdk - Ty RESARE
Eff-TWa, BARNOHARe » 74 v 7 Y 7LIMNTRBRES hi- %, Pl
TEAFBSN, ABlc L 2 BRELMOHBE LA VOIN S, - E6BTHHEL
fekdi, sy THAEERET AL DI. BIBIYAGL—FVORBEEEF Y 0
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FIRHE LTS (BO0F 22 vEER) [24]1-127]0

COEEBRTRI, x&—»-77¢7@£Ek;6i%%m<?tbr % % B
»~7%&&thb\mmammaoﬁﬁ@ﬁﬁ§ﬁ9+4n&ﬁuméfé
[24]0

BTITETHHLLE Sy HREXR Vv A BV TR, K7 7 4 v HEIEE
DA —ZRILID. HEHOAMOPHBEEA KM T A4 7 2 434
5 [28]-[82]c EAPROVETRIIBVT, TOREFHELEE - EIEL A [33]-
[35]c DOFHEFILLDVAIZ0ELAES, HERTO—FoORBELE IE KT
ﬁﬁﬁak\@mb%ﬂ—%%%ﬁur\9+4n&ﬁ§ﬁbﬁﬁ&@E&&T
RSNz, K8 - 3 TRAMEAVT, AARKYVCBELHEES-oTWw 5, o
DHELIMORERE (W/2n ) "XV +BNECBRET 2L, V- THBE TS 5
e, BEBMRIRE (Voltage Controlled Oscillator: VC0) 2B L T & + A
BHARAMIE D AERERERI LR s, COBRTFERS - 4 10+,
ﬁ(s-s)ib\uvﬁv—w9+4nmbﬁé%mm?4fﬁm}uutﬁ
BRICLT, AMIC L 2 EWOABABRKREMAL BEERVE B, Jo(A/v)=0% & 7o +
Be. my 4 vESSRERTE B,

8 -3. vy A YRAROBRBRFEOERNBRA[14], [15]

B8 -5, 2y /1 BROBBRBEETH 2. B (a) HAMC & BEBEL
ES 2R AN G (b)) PE2BEAOV+ A aliAEZRLT V2, HARTOBSE
HT-ld. 19 TH 3,

B -3rALlihdiic, EBcEHEEXS5L5RbVIT, VOIOEERKEBS,
MRS T3 LR KDV EMHCEREEEARNEET -~ [4]le EEFHEH LT
MBEREL(NILIR, EFEDRORB I RBELATE Ty 52 —5 %5 H
WTHELTH 2, AMUC L 2 BELARBEKIZI00HZ2ICBEL 720 LIALO BT
0. Imsecic HE Lo COMRBELHAFKROEH (10nsec) & b +4ic/h &
BEELE>TWh, BEHRAERTR, eXBICBIREBECA/NERTL (A/y
=2.40) . w24 VYRROFRBEHRZ 2T - 7o

K8 -5 (a). (b) &b, k74 "HEESITcORY—HEEZHA VLY
YA RHANA TIOERHICE-T, w074 VEERBRAELC ENEEY
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CHER SN, K8 - 6 VIO (AMOBHEFR cHIE) 222 b7

FIAFTRHELALERERS. K8 -6 (b) &b, BELHE»IFTEA,
AMIR X 2 B BMERC IV BMBERI VAR - TVEIEBbh 2, D
DEEOEOMABEKIBRLRD, BERXEHEAXLEOFBRABESZHA
KHEBdic, vy /4 VEEEBRBREINBZEZZL SN 3,

B8 -5icbidamy 4 vUAOABANOEBITHER. VOO, ¥+
ACDOHANY 7 ek 2bDEELOoN%, £/, AEKI=-£1000zTDw » 7
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Noise Sources

Descriptions

Countermeasures

Coherence of light
source

* To obtain sharp resonance characteristics, a light
source with a narrow spectrum linewidth is required
(100 kBz for aircraft navigation) [1].

* Narrowing of the LD's spectrum linewidth is
important [1]. (About 50 KHz linewidth LD
has been reported [2].)

Theraal fluctua-
tion in fiber
resonator

¥ ¥hen the temperature of optical fiber fluctuates
unevenly in the longitudinal direction, the output
varies (after Shupe [3]).

¥ Optical fiber is wound so that thermal
distribution becomes symmetric with the
fiber center along its length [3]. Since
the fiber length is shorter than IFOG, the
influence is relatively small [3].

* When the thermal fluctuation is ramped, to suppress it

by analogue feedback is impossible because of
limited low-freguency gain in the integrator [4], [5].

¥ Control the laser frequency digitally
combined with the normal analogue fesdback

tially digital~feedback scheme
I51.

Optical Kerr
effect in fiber
resonator

* Optical Kerr effect induces the bias proportional to
the power imbalance between C¥ and CC¥ propagating
vaves [6].

* Variation in the coupling ratio of fiber coupler, and/
or that in the modulation index of FM or PM for
catching the resonance peak causes the drift 8]

* This effect has been evaluated experimentally [4]
3.

¥ Modulate the light source intensity using a
square wave having a duty factor of 50 %
Modulation frequency becomes as high as 100
MHz [6].

% Monitor the bias by modulating the light
source intensity, and feed back it into one
lightwave intensity traveling in the resona-
tor to make jt zero [71, [8].

Faraday effect due
to the earth’s
magnetism

* The optical fiber functions as a Faraday element due
to the earth’'s magnetism, which generates bias in
combination with the retarding effect of the fiber
[91-[111.

¥ High birefringence of polarization-
maintaining fiber can reduce the drift [9]-
[11].

* Removal of special twist component is
effective [9]-[11].

Polarization cou-
pling in fiber
resonator

* The resonance characteristics are given by the special
state of polarization, named Eigen-State of Polariza-
tion (ESOP), in the fiber resonator. There are two
independent ESOP's [12].

¥ When one ESOP resonance dip is approached by the other
ESOP resonance dip, a large drift takes place [12].

* Even a small polarization coupling in the resonator
changes ESOP's drastically [13]-[19]. To excite only
one ESOP is quite difficult, which induces a drift

131-19].

* Resonator having the splice with 90° polari-
zation-axis rotation is useful (after
Sanders et al. [13] and Mouroulis [14])

Specification for aireraft navigation can be

achieved with enough tolerance for the
resonator parameters [20], [21].

* To use fiber polarizers at the lead of the

resonator ean reduce the drift [15], [18].
191, .
* To use single-polarization fiber in the

resonator can reduce the drift [22], [23].

Rayleigh back-
scattering in
fiber resonator

* Backscattering gen-
erated in the reso-
nator forms two com- |
ponents with reso-
nance characteris-

* The former shows twin peaks in
the resonance under the
rotation, which induces gyro
nonlinearity [1]1., [25]., [26].

% Apply PM or FM at differenct frequencies to
CW and CCW waves, and synchronously detect
to reject the noise component [1], [25],
[28].

tics [1]: Backscat-
tered intensity it-
self (1] and inter-
ference between
backscattering and
the signal wave
(atter Sanders et
al. [24]).

»*

The latter induces an output
fluctutation in open loop
operation [1], [24], and lock-
in effect in closed loop
operation (after Zarinetchi et
al. [21]).

* Apply PM or FM to C¥ or CCW wave to suppress
its carrier frequency [27], [28]. Require-
ment for the suppression ratio is rather se-
vere.

% Use of Binary Phase Shift Keying is

effective to reduce this noise [29], [30].
% Use of optical Kerr-effect in the fiber res-

onator can remove lock-in phenomenon [31].
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