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Fig. 2 Resonance curves of broadband source-driven RFOG. (a) Simulation result; (b) sweep curve

W T G R A G 1 w5 e T A, T DU
W PRECR R -
I, [4In2 —)"
o= exp{—llanM} (1)
B b1e B

A I G IRER L 5w, IR 5 B i 3 5E .

RIN 2 45 06 I 1 BE i A9 9k 7, 3 2 thy 9 il DG O
(18 25 7ol 4o HEL -5 22 18] B 0000 5 | S ) R i Mg 7, e
TR A i I R L R RIN AT L3R 7 Sy 433 [ AH G
I —1k , Bl

Se(v)=

RN — P§ 5 (2)

Ao sk 2R B s Po= [ Su(v)dv R G

By, RIS 550 ) 5
3 B 7R O ASE B A RIN A o 7 A I 4

(a)

W
(V5]

PSD /(W - THz ™)
N
T

—
—
T

1 1

0
190 193 196 199
Frequency /THz

S RIN AT 90K 11 75, 26 (2) T i 4L
1
SRL\IZEc (3)
BIORE G P 206 1 5% A o vl I 7 A Y BE DL R A
JE G 2T BE MR Hh e B O R A U A B T RFOG HY BE AR
0 AR R ORI Ry O 7 MR R RIS R A A, SO
HLIID R PR AT O o PR P 5 A DN 8% v 5 LB R 88 e 15
HL B Y Johnson M 7, 3 20 5 3 A5G, 5OG WL TG
Koo PRI, G I M P AT SRR Sy

AKT Sk
St = S + St + Sx = 2ely + ——— + 11,
R B

2 S g M T AR g% LR bR BT 3 0 28 A [ MR S
e 9 BT 5 o DA AR 45 BR80T A i Y 24
it s T 2 LATF IR SCOR B 0 246 o0 3R 32 5 KO IR 25 % i
WG RO R R R

(4)

(b)

-9 -
=
B

% -132
g
a
7]
A

-165 -

1 L 1
0 2.5 5.0 7.5 10.0

Frequency /THz

K3 OSBRGS0 o (a) SEAF G IRAY LI 5 (b) SR IR A9 RIN DG IS

Fig. 3 Simulation of light source spectra. (a) Optical spectrum of broadband source; (b) RIN spectrum of broadband source

0506002-2



a4 % E5HI/2024 £ 3 B/EER

P4 K8 s TR I M RS Ol IR B9 O J7 5 ASE HY fa
HOLTIRZ A S R . 24 ASE M4 D 3Rt 3 mW
R G 00 M P ph RN 3= 5, s s M HIOAE I 7 1 52 T
ANEE o B OC AR ARG, RIN B B ALE E 3% 22
) R IR

—— total noise
— =-RIN
8.0r - shot noise
— - thermal noise
EPN
on
"'2 4.0
<
N
0_ [ S S —
0 5 10 15 20
P, /mW

P4 RGN MR 7 (1 O B 3
Fig. 4 Detected noise photocurrent

3 IR A RIN

L EAMBF 8 T ASE Ji6 U5 v 3 24 70 i 45 1) 18k
T BT R 5 T BRI R 1 0 B BT 5 1 3
T ASE IR 31 19 96 2 i W2 A P s 07 b RIN A B8 48000
NG EF IR T 38 IR I ) 18 IR A5 1 B e AR RIN B 403 . Ol

21 IR T WS iR s 19 A% 326 pR BT DL R R
(1—a )k

H(v)=

. 21y )’

1(1af)(1/e)(1a1_)eXp(JAy

(5)
AP R ROCET RS B I 23 G L sy G E A o
B ARG s o NOICEF AL s Avese WIEHRIEE Y FSR .
FROC LIRS  ASE 1963 F¢ v AR 78
b, RIN i 3 ik st 2 e A A2 Ak, B
ﬁRIN,I’RR:iHFRR<V):i ‘ H<V>‘ *‘ I{)<V)
JO |H(v)‘“du

B B
T Hy (v) 28 RIN ZE 8 9% 5 A0 45 33 pR 5
ARW ] 375 [ 02 rp I 75 (1) R /)N
1
7’1

AKT
Ks/2€0[<) + T + ?HFRR<)‘/)

4KT 1 1

, (6)

§Akw —

1 Ze

K, | nl,

Ap I K=
JCEF R HAR A NP

K 5(a) R T OGET 31 I8 Ik 1 1) 1% 388 oR K, B 7
SCT PR I BOOCTE AR E o P, 24 008 I R e

%;rzdvy“éﬁé@?ﬁﬁn‘%;d%

ny

1.00
@
g 0.75
=1
:
— 0.50
&
§ 0.25
0 lfSR 2F‘SR 3FSR
Frequency v
0.20 -
.|, - - laser spectrum _ L
® y ', —resonant cavity L2 ()
: . spectrum
o 015 . ) o~
s . 3 -120
=) ; . .
> 0.10Ff = s, 2
& ! : S _128f
< . =
a ~ 3
& 005} ' : Z
l 1 -136+
190 192 194 196 198 0 1FSR 2FSR 3FSR
Frequency /THz Frequency v

& 5

TR A P RIN Y ™ AR 2 B2 (a) G £F BRI 388 i 5 009 % 328 R85 (D) 38 20 6 2F 31 T8 18 4R 10 A 9 06 385 (CJR 68 i 2k - IR 6 i 5 20

{6,955 LGP IRV 4RI 5 0063 3 (o) 627 PRIV 6 3R ) RINOE:

Fig. 5

Generation process of RIN in the fiber ring resonator. (a) Transfer function of the fiber ring resonator; (b) spectra before and after

passing through fiber ring resonator (black dashed line: spectrum of the source; red solid line: spectrum after passing through

fiber ring resonator); (¢) RIN spectrum of fiber ring resonator
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Principle of Relative Intensity Noise in Broadband Source-Driven Resonant
Fiber Optic Gyroscope
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Qi Xinyuan"
'School of Physics, Northwest University, Xi'an 710127, Shaanxi, China;
‘Aircraft Control Integration Technology Key Laboratory of Defense Science and Technology, Flight Automatic
Control Research Institute, Xi’an 710076, Shaanxi, China

Abstract

Objective The resonant fiber optic gyroscope (RFOG) represents a cutting-edge generation of fiber optic inertial
devices, leveraging the Sagnac effect within a fiber optic ring resonator. It gauges the angular velocity of external
rotation by measuring the resonant frequency difference of light beams traveling clockwise and counterclockwise in
the fiber optic ring resonator. In comparison to interferometric fiber optic gyroscopes, the RFOG offers advantages
such as reduced length, compact dimensions, minimal thermal nonreciprocal noise, heightened detection accuracy, a
wide dynamic range, and superior theoretical accuracy. Nevertheless, the progress of RFOGs is constrained by noise
factors such as polarization fluctuations, the optical Kerr effect, and Rayleigh backscattering within the resonator. To
address these limitations, the broadband source-driven RFOG emerges by mitigating parasitic noise through its low
coherence. However, the current challenge lies in detection noise, particularly relative intensity noise (RIN), serving
as the primary impediment to accuracy. Consequently, there is a pressing need to formulate a comprehensive
theoretical model for RIN in broadband source-driven RFOGs. Such a model serves as the foundational framework
for devising various schemes aimed at suppressing RIN, thereby advancing the precision of these gyroscopes. We
fulfill this need by establishing a theoretical model grounded in the spectral width of the broadband source and

resonator parameters.

Methods Regarding our need to construct a theoretical model for RIN in a broadband light source-driven RFOG,
we choose an amplified spontaneous emission (ASE) with a center wavelength of 1550 nm as light source (Fig. 1 and
Fig. 2). The power spectral density of the system is comprehensively analyzed to delineate the spectral alterations
induced by the resonant cavity’s characteristics in response to RIN (Fig. 5). To ascertain the primary contribution of
the existing RIN, we employ the random walk method, which is visually depicted in Fig. 6. The validity of our
theoretical model is subsequently corroborated through practical measurements involving the RIN spectrum across
varying spectral ratios of the resonant cavity, and the Allan variance is assessed for diverse laser spectral widths
(Fig. 8 and Fig. 9). These experimental validations solidify the reliability and applicability of our proposed theoretical

framework.

Results and Discussions In the broadband source-driven RFOG, an ASE with a center wavelength of 1550 nm serves
as the light source. The sensing device 1s a 500 m fiber ring resonator with a diameter of 12 cm. Experimental
measurements of the RIN spectrum for the resonator with different splitting ratios and the Allan variance for varying
laser spectral widths are presented in Fig. 8 and Fig. 9. Notably, the observed RIN spectrum aligns closely with the
theoretical predictions, validating the accuracy of our proposed model. Crucially, our results demonstrate that
increasing the laser spectral width is beneficial for enhancing the angle random walk performance of the gyroscope.
This observation underscores the practical significance of our theoretical framework and suggests a promising avenue
for optimizing gyroscope performance through spectral width modulation. These findings provide valuable insights into

the field, emphasizing the potential for improved gyroscope precision through strategic adjustments to laser spectral
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characteristics.

Conclusions We construct a theoretical model of RIN in RFOGs driven by a broadband source. The model here
proposed considers the effects of laser spectral width and resonator parameters simultaneously, making it more realistic.
Power spectral density analysis of the transmission process of RIN in the gyroscope system is performed, and the
influence of different system parameters on the RIN in the RFOG driven by a broadband source is obtained. A large
laser spectral width and a high-precision resonator with high-frequency modulation can effectively reduce the influence of
RIN. The establishment of this theoretical model provides a basis for suppressing RIN in RFOGs driven by broadband

sources.

Key words fiber optics; resonant fiber optic gyroscope; relative intensity noise; fiber ring resonator; spectrum; broadband

source
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