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Analysis on Sensitivity of Resonant Fiber Optic Gyro
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Abstract Resonant fiber optic gyro (RFOG) has attracted many attentions due to its advantages such as short-
sensitive f{iber and small size. The influences of laser linewidth, fiber ring resonator (FRR) and detection technology
on the sensitivity of RFOG are analyzed. According to the detection method for RFOG signal, a formula of RFOG
sensitivity limited by photoelectric detector sensitivity and a correction formula of RFOG sensitivity considering laser
linewidth and 90° polarization-axis rotated splice are derived. The sensitivity influenced by error and noise of digital
phase modulation voltage is studied based on multi-beam interference principle. The simulation results show that, in
order to get high sensitivity, the length of FRR should be selected according to laser linewidth, and the length of
two sections of fibers in both sides of 90° polarization-axis rotated splice should be set as odd times of the half-beat
length of polarization maintaining fiber. Additionally, the root-mean-square of digital phase modulation voltage noise
should be less than 0.22 V. The work provides theoretical guidance for the design of high precision RFOG.
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Fig. 2 (a) Relationship between RFOG sensitivity and laser linewidth under different cavity lengths;

(b) relationship between RFOG sensitivity and cavity length under different laser linewidths
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Fig. 3 Schematic of FRR with 90° polarization-axis rotated splice

i A\ 837 73 ik B AR [6) HE A

cos@ sin0]|E/, 1 1
. :Xl +X2 ’ (13)
—sind cosO||E b, b,

K E ) HE | 4350k Hi A SR O £ Bl A0 b 0 H 3758
:/11 — exP(1ABAL/2) sin 6

(14

21

exp(—iABAL/2) cos 0

0706001-4



H # ot

Ay —exp(IABAL /2) sin @

b = exp(—iABAL/2) cos 0 (=
Ar =cos(ABAL /2)sin @ +1+/1 — [cos(ABAL/2)sin0]°, k=1,2, (16)
X, — (E, sin0@ — E | cos 0) exp(— iABAL/2) cos 4 (E,/cos 0 +E ;sin @) [A, — exp(iIABAL/2) sin 0] ’
— 21 /T— [cos(ABAL /2)sin 0] °
(17
X, — (E,/sin@ — E  cos0) exp(—iABAL/2) cos @ — (E, cos 0 +E sin @) [A, — exp(IABAL/2) sin 0] ]

—2iv/1— [cos(ABAL /2)sin 0]
(18)
WA AR AE 285 1) i 1 5 B85 4 301 R
1__K¢7 VYA —K)Aexp[—i(g —0,)] ZXin[1}H[1}, (1)
JI—=K 1—/7(01—K)Aexp[—ile —0)] by] b
bz: K&y A —K) Aexp[—i(g —0.)] 2X“3[1T[1}’(%)
V1=K 1—/7y(—K)Aexp[—ilg —0,)] ‘ by ] b
Krp 6, .0, IAMEMEMMMA. X X, 2508 X, X, AR, (19) 20 (200 20T 1, FRR 19 P A~ AR 25
PSR il 26 b 3 PR A8 67 B2 ) e AR AR A A 00 AN 0, B e L B AR AR 2 22 BN M AT IR IR A I BE R L IR
JEARAL S AR AR T 51 S0 AR Ak, HETMTS A A 22 A0 =0, — 0., A8k, & 4 () A 22 5 iR %
M ZR B AR I SR A Ak 8°, vh T AT DL s P ey a0 IR Bl 90° e 2 M 32 5 o TR A AR AR 25 6T 1N 1 1 IR A 1 A
X7 B R A — YO P CRD e BRI 30 3l R v 45 BSE 400 S 5800 07 A ' 27 DRl RS Bl A 5628 ) B 230K
1.46F1 1.4605,d(n,, —n ) /dT=7X10 ""C ',
M)~ F AL 5 X, X, by F by, BV AL 252 W i A6 B8 1 78 AN A AE A 2 (8] 19 4
B BE TR Ty P — P » S R . (D 2RI IR AR 5 90° e H% 9 REOG M X RAHE N
Qe 1
s XAt e [ ”
B4 (b) (i iR 4 90 HE A6 1 4% FRR MW K 8 25 AL S5HIX R 5% 0% /08 1% 2 HrP #4458 I 4k
AR 8%, M A AIH, M AL TR 0 A5 B i IR IR % 90 IE R 1 RFOG R U i i

11:

+«/7(1—K)}

—i—«/y(lK)}

2D

~ 350 P — 1.0
o — v Gy . g
© 300 —— without 90° rotation i 3 =1, B, =0
g1 208
;'1250 ‘ A R AR =
| | it i =
= A R @ 0.6
4 200 I “W’ i wl\““["" R R "“Nl‘ I §
%’0150 | “‘f“ \;{‘J“ | “wi‘\‘ ‘J‘*“‘;i “}‘““ 204
%100 0 e g \
$ 0.2 \ ‘
2 50 =
(= 0 [ 0 &
0 10 20 30 40 50 60 70 80 0 0.5 1.0 15 20 25 3.0
Temperature /C AL /m

B4 il 90 HE e i H2 FRR IR, (MM ZE SRR R s (b) AL S5 R HUE MR
Fig. 4 Characteristics of FRR with 90° polarization-axis rotated splice. (a) Relationship between

phase angle difference and temperature; (b) relationship between AL and relative sensitivity
43 BEXAHNGESRESBRERFINIEE
U5 =7 A A7 35 ) R ] B AR 2 S 1 IR R A g R D P A Ak T vk AEL S R ST AR AL TR A S A R
2E MM E 252 REOG R . RFOG BEF IS B A 2n (G N K E S 5 SC &SR A Bl F
TR AR Y U 08 w2 0% R Ok S BB R AR L % O IE R B VR AR S 0 G B et (R SE B ¢ 45 F FRR
PRI o, SEBR b, 32 805 BBl BB G 400KE B L) B B 5 | RS M 75 1 52 ), 5 9 B9) (80 96 B8 ¢ 2 A3 18 22, )
B B0 VR R R 0 SR A A I 0 % 2 R M 7R T R 23 5 e 3k T 2O T I R B Y FRR A8 4R il &8 1R .

0706001-5



H = # ot

TFERFOG iy R BHIE K.
ZRCFIRAR A, B 1 2 i D B g ] SRR
dE, (t)/dt =Eqexp(iwot +igo) {/y (1 — K) exp [iAp(t) ]+ yKexp [i(— w,t + ) ] exp [iAp(t — )]+
YK /y(1 —K) exp [i(— 2wor + ) ] exp [iAp (1 — 27) ]+
YK [m]zexp[i(—3w01+n)]exp[iAgo(t—Sr)] , 22)
K Ap (1) HIHHIAHEE .

BB E FEEE ¢ 5 FRR AT ] ¢ ANAHSE A9 1R 25 % FRR $ B R 2 an &l 5 pros . B 5%t T
HIRZEN Ap ¢ B9AE 4L, B 5(b) 45 i 1A% 22 T B9 FRR 7 BE i R 2k B A A 2 6 A8 b o, S0 2k
XF I 5 B N ) 9 RS A 45 T FRR A BRAT I (8], 21 €5 i 22 % 1 & B ) [ 5 B2 5 15 /) 2R A7 I 18] 1 Ry 2050 ¢
2000, (5 5 20T 17 F B IR ) 98 B2 55 1 A R AT I 8] FE 219502000, it P 5 AT 0L, B AR A2 3 il 75 5 A2 bR 5
IRV 10 R A0 A0 48 2 308 X e K5 /DN ) P 38 22 A W S )L |y (7) AT RIS AR S REOG 1Y R
JE AR & AR o SR i B 2R RFOG BOR E .

1.0
ApA(2) (b) — £:7=2000:2000
2 08k - -+ £:7=2050:2000
B [ £:7=1950:2000 =~
506} g
8
204}
n
=1
202
E o
oF, . \ ; i ; ;
t 12 -8 -4 0 4 8 12

Frequency offset /(10* Hz)

5 ()ZREFMG Ap B¢ (7ZEk; (b)3Z 6 BB 8] 58 BE ¢ ARG B 52 ) 19 2401 B8 00 4 BH 4 H8 SRR 1R
Fig. 5 (a) Variation in Ag with ¢ influenced by error; (b) band stop output characteristics

of FRR influenced by inaccuracy of step time width ¢
3B ARS8 ) R T A5 MR P X SRR P R 121 6 DA AR A7 8 ) R T e P X DG £ PR 38 IR M i Y R G
Wi, P& 6Ca) Ry Me PSR IS Ag Bl ¢ B2 AL TRT 6 (b) Dy 32 AR 181 ] Fi T IR 75 5 00 14 BRI Js 1) 7 BEL i o e T
6 Ch) H e il 2 B M 75 D AR (B (RMS) 43 314 0.2,0.1,0 rad, FH P 6wl 0L, AR A0 3 il Al s e 7 2 i 6 T 26 3R
T I B R T 3 4R i 08 I il 2 i AR 7 A B o, DT S e RO . R S ) 1R HRL T 0 R R O S AR LN T
0.1 rad(5.7°) f . iyt RFPE I RS o H AT SO Y 73 S35 9 1 i 9 24 38 L a7 7.0 V 22 AL Bl 2 AN
e LR 14V 22, DRI SRR 57 181 ) Fit T FR MR A 5 SR (BN T 0.22 VL X S8 R REIR B Y

—noise RMS: Orad
----noise RMS: 0.1 rad
noise RMS: 0.2 rad /

Ap A (@) 8;‘5’ ()

0.301
0.25f
0.20f
0.15¢
0.10f
0.05F
0 _u " L L L " 1 L "
t -8 -6 -4 -2 0 2 4 6 8
Frequency offset /(10* Hz)

Intensity /arb. units

K6 (a)3ZMEEEmIE Ap B ¢ 09754k 5 (b) 32 F0 57 4 i e Hs W 75 52 0 B B0 100 s BEL 113 4
Fig. 6 (a) Variation in Ag with 7 influenced by noise; (b) band stop output characteristics

of FRR influenced by phase modulation voltage noise

5 4 1w
% REOG 1 R 608 52 W HLER 47 T BFFE . 2007 T OGTE  ER I I RS W2 R 6k REOG RAKE IS4 . 24

0706001-6



L

O R U 2 R A Y AR R AR R BT OB R T L PG Rl 907 HE IS 9 RFOG RBUE B IE 2
Ko BTSSRI AR —E R MET S BT P AR R 5 1R 22 55 0 7 08 SRURE 9 52 W T 220 (E X R B2 AT R 5 3R IE
P Ot R it 90 e 2 Tl 5 A 2 IS A SRR Y 50 04 5 2 O 2 15 KR 5 DG T D) 3R A A A5
KF A R4l 907 HE e A 1 9 REF, IR 22 AL Dy AR 9 25 BORT I, 22 U e sy s & B I 58 5 FRR
ARSI 30 REOG AR BAT M L (H X REOG FRS B AT 52 M8 5 24 80T VR AR T ) IR 7 7 SR/ T
0.22 VI, R RFOG RS RYFE M n] 2005 . IR FE 0 Wi RFOG Ry it $efit 7 g 46 &

2 % x #

[1] MaH L, Zhang J J, Wang L L, et al. Development and evaluation of optical passive resonant gyroscopes[J]. Journal
of Lightwave Technology, 2016, PP(99): 2587667.

[2] MaHL, Yan Y C, Wang L L, et al. Laser frequency noise induced error in resonant fiber optic gyro due to an
intermodulation effect[J]. Optics Express, 2015, 23(20): 25474-25486.

[3] Li Xuyou, Xu Zhenlong, Ling Weiwei, et al. Single-polarization directional coupler based on dual-core photonic
bandgap fiber[J]. Chinese J Lasers, 2016, 43(9): 0906002.
Bk, FRIE, A, & RIRSGEDE T BOCA E mEE A 4 ] P EEOL, 2016, 43(9): 0906002,

[4] Bobbili P R, Nayak J, Pinnoji P D, et al. Parameter optimization analysis to minimize the polarization error in a
localized thermal tunable fiber ring resonator gyro[J]. Applied Optics, 2016, 55(8): 1996-2001.

[5] Wang L L, Yan Y C, Ma H L, et al. Resonant fiber optic gyro based on a sinusoidal wave modulation and square wave
demodulation technique[J]. Applied Optics, 2016, 55(12): 3274-3278.

[6] WangJ]J, Feng L S, Wang Q W, et al. Reduction of angle random walk by in-phase triangular phase modulation
technique for resonator integrated optic gyro[J]. Optics Express, 2016, 24(5): 5463-5468.

[7] Guattari F, Molucon C, Bigueur A, et al. Touching the limit of FOG angular random walk: Challenges and
applications[C]. Intertial Sensors and Systems, 2016: 16467083.

[8] LiXY, XuZlL, Hong Y, et al. Comparative analysis of fiber ring resonator based on different fibers[J]. Optik-
International Journal for Light and Electron Optics, 2016, 127(5): 2954-2958.

[9] Zhao X, Louveau J, Chamoun J, et al. Thermal sensitivity of the birefringence of air-core fibers and implications for
the RFOG[]J]. Journal of Lightwave Technology, 2014, 32(14): 2577-2581.

[10] Hu Zongfu, Qian Jingren, Shen Huiming. Light source effects on effective fineness of a fiber optic ring resonator[J].
Acta Optica Sinica, 1997, 17(5): 609-613.
SR, B, TR Wl DGR AR XS OGRS A SO AN SE A L) . DGR, 1997, 17(5): 609-613.

[11] Hotate K, Higashiguchi M. Eigenstate of polarization in a fiber ring resonator and its effect in an optical passive ring-
resonator gyro[J]. Applied Optics, 1986, 25(15): 2606-2612.

[12] Yang Fuling, Yang Yuanhong, Han Zonghu, et al. Correlation on wavelength and temperature with the half-wave
voltage for Y branch optical modulator[J]. Chinese J Lasers, 2016, 43(6): 0606002.
B, Bmilt, #oR iR, 4. Y AR SOGEE IR AR 28 U R 5 AR RN AR DGR S ] P RO, 2016, 43(6):
0606002.

0706001-7



