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Dynamic and Discontinuous Rayleigh Scattering Noise in Path-Matching
Interferometric Fiber-Optic Hydrophones
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China
Abstract In this paper, a spurious interference model of Rayleigh scattering for short-range transmission link is
constructed, and the relationship between Rayleigh backscattering noise of the system and parameters such as interrogation
pulse width, fiber length of transmission link, and Rayleigh scattering rate is summarized by using the parameter
characteristics of interference visibility. Both theoretical and experimental results show that the effect of Rayleigh
scattering under the short-range transmission does not increase linearly as the fiber length of the transmission link or
Rayleigh scattering rate increases. Instead, it tends to be discontinuous. The Rayleigh scattering under the short-range
transmission is also closely related to the modulation and demodulation parameters of the interrogation system and changes
dynamically as these parameters vary. The research results quantitatively reveal the degradation of fiber-optic hydrophone
array with Rayleigh scattering under short-range transmission links and provide significant support for the optimal design of

the system under short-range transmission.
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Fig. 1 Structure of path-matching interferometric optical fiber sensing system
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Fig. 2 Principle of Rayleigh scattering noise generation in path-matching optic-fiber interferometric hydrophone
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Fig. 3 Diagram of positions of pulse collision points in transmission fiber
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G b T ) A IR R e M B R AR Ot e, RIVER ) BLSE MRE BA S AR R (R RDLER
PR ARG SR A Kb T8 B SRR O IR DR bR RS B AL i AR DL K S R ST

2306005-3



AR LR P , 24 G £ 4 B B8 LA K3 [ AR 4R g I
Jok b il f8 e RORE 52 R 2R I B B R AR R L
Aoy s 2 b SC R IR B AR B B R RIS e
Oy B 25 AN T S T ) IS R R 9 O Bl AN i
4 B M RS
2.2 HEAELEURAEHFETHIRE

2. 195 5 Fr 1 % DT e T 8 RG5Ok W i R 407 2R
SRR ) i ) RS A i B ) A O R E
i 8 i ) RS MR P )R W A S R T A 0 B B MR

E 42 % £ 2381/2022 F£ 12 B/RFFR
B RO ) i R G O S A an & 5 R B K
FER LAY PR EF B A N BERK B A ALRY T 58 n
BOGER BT R T 1) 3 A BIUR DG 8 R B PSS
AL/ 2 1) SRS R B B RSP B RS
B /> 55 B SR 118 B R IR 3R A2 e T HEL 3 A
g, b, = a.S(a, F1S 43531 32 7 B B 1L 2 B0R
AT S SOk Rl R A5 A T 1) i A O '
JE S G K o A% 1 B2 AL )k o v BE N 2N S SRS B
BRI B A UG A BT S a5 R

L

\ 4

input light pulse
4>

single mode fiber l

QRARRAARI22I222 0
HrH

Al

Al/2

PR S T A5 200 B B M s W) B 1) i ) IR Ol D' 5 48 2

Fig. 5 Discrete Rayleigh backscattering light field model based on assumption of equivalent weak mirror
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Fig. 7 Time and frequency domain plots of simulated signals with or without Rayleigh scattering. (a) Simulated signal time-domain

plot with Rayleigh scattering; (b) simulated signal frequency-domain plot with Rayleigh scattering; (c) simulated signal time-

domain plot without Rayleigh scattering; (d) simulated signal frequency-domain plot without Rayleigh scattering
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Fig. 8 Diagrams of interference visibility £ of the first returned optical pulse under different parameter conditions. (a) Relationship

between pulse width and interference visibility 4; (b) relationship between leading fiber length and interference visibility #;

(c) relationship between Rayleigh scattering rate and interference visibility 4

2306005-6



fh 4 5 B 8(b) i AR L 21 18 L B ik e
il F88 A SO 0 ok AT 1 T A HRC MR R i R T K
S Fee % S B AR S TP BT 1) B ) AR T iR
0 B R P 08 I, T R A R BB BR R KB 1 8
(o), 4 T A B 25, SN 5 160 B M) 50 Mk 75 5

% 42% £ 23H1/2022 F 12 B/RFFR

JESE R, T W B R R B O RS W B A

S FH [RIARE A 5 3k X %000 45 42 Wi i) 3 [l 4] 1) 55—

Aol (T bkl #AT 0 B RS E 5k
[ 25 — A ok o i A — 2, A5 R A 9 B R .

(@) ) Collision points
Lo A T
/ \\ 0.97r cedpood
=09 " = oo
B 2 0.96 |\
= 08} 2 095 \
= 2 Y \
£ 07} Z 094 -
g v 093 ‘u
Q Q \
g 06 g 092
< 05} < 091 = 2N
i £ 0.90 |
= 04 = 0.89 |
sl . . . . . 8 )
100 150 200 250 300 350 400 450 0 500 1000 1500 2000 2500 3000
Pulse width /ns Leading fiber length /m
(c) 1.00
L 0T
2 0.98 .
Z 097
£ 0.96
§ 0.95
g 0.94
(<
< 093
Q
E 092
0.91
0.90 : :
0 001 002 003 004 005

Rayleigh scattering rate

&9

S B AE T BTk b 95 ] WL RE 7R B o () ko 9 B2 45 1 95 i) WL BZ B9 5 5 (D) AR R DL 2F RS T3 il LB E A

(o) Jii B BICH R 5 T 97 DL /9 56 &

Fig. 9 Interference visibility 2 of main interference pulse under different parameter conditions. (a) Relationship between pulse width

and interference visibility 4; (b) relationship between leading fiber length and interference visibility #; (c) relationship between

Rayleigh scattering rate and interference visibility 4
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Table 3 Performance indicators of two leading fibers

Fiber Type Parameter

Length

Attenuation is smaller than 0. 22 dBskm ';

Fiberl ITU-T G652D

fiber core diameter is 125 pm;;

>

3m, 0.3km, 0.5km, 1.3 km, 1.7 km, 3.3 km

mode field diameter is (9.2+0.4) pm

Attenuation is smaller than 0. 5 dB+km ';

Fiber2 BI15-80-U16

fiber core diameter is 80 pm;

0.3 km, 0.5km, 1.3 km, 1.7 km, 3.3 km

mode field diameter is (6.4+0.5) um
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voltage
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