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Design of salt depth sensing system based on fiber optic sensing
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(1. College of Electronic Science and Technology , Hainan University , Haikou 570228 , China;
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Abstract: To simultaneously detect salinity and depth without temperature interference, a salt depth sensing system
based on different packaged fiber sensors was designed. Three different packaging forms of fiber sensors are connected
in series to achieve calculation of salinity depth and temperature. Constructed inversion models for salinity and depth,
and analyzed the feasibility temperature compensation. The experiment tested the changes in salinity, depth, and tem-
perature separately. The results showed that in the salinity test of 0 ~50 g/L,the average sensitivity of the system was
128. 7pm + g~ - L™, and the linearity of the wavelength shift between the main peak and the first main peak of sa-
linity change was 0. 9654. In the depth test of 1 ~ 15 cm, the average wavelength shift with depth is 751. 9 pm/cm, and
the linearity is 0. 9931 ;In the temperature test of 23 ~45 °C ,the temperature response of the three fiber optic sensors
was basically consistent. After temperature compensation using FBG2 test data,the wavelength deviation of LPG and

FBGI was only +10 pm.
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Fig. 1 Salt depth sensing system based on FBGs combination

AR 1Bz S A O s O,
OGO IR B i AOGHE A &, UG g
JGEF 3 35 4 X I %) 56 £F Gl ( Fiber Bragg Grat-
ing, FBG ) 1% J& 4 A Ji] 06 £ 6 i % J 44 ( Long
Period Fiber Grating, LPG) , {K ¥k £ 34 LPG . FBG1 |

FBG2. LPG 13 S 3 A 00 03 S 5 DA i 5z 3
WA ER B2 s FBGL HT T /K A 98 2, e i FBG
[EECESE-3AE AR N R U UE 0 o NEIRVAE: ) A =2 G N
TS AR TR L 5 FBG2 T T I B I A% b %, A
LPG 55 FBG #B2x 52 3| i I 80 1Ak JBE 19 52 0, Jr LA



Bt 5 40 4 No.1l 2024

PO TR R R ST 1801

R YRR U R P S8 U TR, R (B AT 2
FEBUEAY FBG A TR FEAME . = DAL IR AR
LG T 2l A A UEACREE R DG g 8 1
e, R 5 R ST 550 1 58 B3k B 5 TR AR 8010 i
BB R

3 TIEEE

3.1 HEMEHA

LPG &3z 5 ZO6ME, B T b B BE A [l B, e
Prir WA IA], B DA AT DUAR H8 7 G 284 58 1 W 3
i X TS 5 EENIEG S, IRk
KA.

Ao = Dng(nym) = Ry (nyn) 14 (1)
Hor, A, IR s, OGER O S RBAT
B aiing NICEL)Z AT H A R
WIS 0y ony BT ng 43RS ALJZ FIIAIASR 1
Pripr,

JEEF B AR AT S 2 n] i e HO B B
FESS A R HALZ AR (1 i) > TEEF S
T ) TUHAT SR AT IR R

niladding (ny, ny ) =
por R
Ao, A WA AR . 20 (1) Hpoxsd hiz A AR
AZN(2) )5, AT AT LPG 3R I K Am #% i S5 9 5
ESIVP Y

AN = A, = A,

UAA,

il i
:8773n r [(ni—n’_ﬁ)” —<n§_n§>72] (3)
2

n -1 -

cladding

Hor U G2 i ) A% 4% 2285, n' PRSI R
WAL A S5 X A Fr 5 38 [T, TR B 5 i
FAERVE R ZR, $h B S R BN Ky, W ER W] 3R
NN

con = kn', (4)
3.2 RKERE

DRI 58 53 FBGL 2B, % FBG K I 4 il
AN [ Ja 2 2 B, VA0 6% 28 R 23 S R A AS [ £
AL SR R, 2 FEATK I, i T AN R K R W E)
]S N 1 I N S o 1 W w6 O S R A R I R DN
SEARRI (02 B T FBG Hf 454 b bk s i
FRECRIE], B LAAR [R] s g 7= A i 728 B AN [] 5Bl
FRER AL, FBG EF By 2 il 72 B A 6], 3 3

FBG (1% [ 38 P & Am B8 2 7 A= 8 k. FBG ZZ{LHT /S
WET A NE TR B ST EE B Aby F
Ahy YE5E BRI PO Ay AT SRR A,
= 2nA  ng AATEFRE A OGN  FBG 1K
T mt ] o h

Ady = L(a +EAT + (1 —p,)AelAy (5)
K, & Flp, 43 BHE G LF B Ak 22 80 $OE R
BORSE R IR A AR, P F% & AR
Y2 RS, o R B IR R R B il

h =k,(a+&ATA, (6)
AP, by IR R FR A, AT DL © IR B
P A% A TR e 15 3
3.3 BEAME

Ry TR 3.2 7 IR EE R R, R TR
JEE SRR T S 1) 58 AU ) i, SR A FBG2 Bl 4 B
WREE 52 UM LPG Fl FBGL R EE AL+, i
T FBG2 R AT JE B4 8 45 #h B e i, oA (il
L1 0 S TR R A, AR B X S BE TR . R,
TR AT B 4 20 1 X R 5 A, o8 L B R 2 AN [) 1
o IRE I SRR, T 7 (TR BE ) AN SRR, i HE )k
KA momh

AX
- /\B(Ol +§) (7)

AT LAE i, 2R FBG2 Y% K M % 2
LPG Y5 FBG1 ()i BE A%, BV AT R 15 1 1 i 36 BE I
JEE (B RN R BE S T A
4 £ I
4.1 BER A

RV RS AN 2 i, B4 R AR R 43
(FELFE AR AR R ) Ab PR A (R IR E Eh s
ey 11 R R ) AR X3 (K BT AR BT 2
RO o B9, FEKELH A S FITRBE (R K AL, #f i 2
KRS ,id st FBGL A FBG2 i ROl KB . 3
b BRI AT R £ i 7K (BT PN R B2 2R3 m, AT
ek FBG MK Am A &, 58 O % B2 ST I A A o
(R, 7E [ e KA ANE BT Sl A 3 i 2 R i it
i, TP A1 R TR B MR BE A K, PR 4
A B et A7 T ER 7K M BE L 451 328 A0 15 K, AT AR L LPG
ANTFFRBE T R B8 12 58 ik BE I ilhroe . o
FBG2 ()il i &40 FH 1550 0k B2 I 7% 3, 2R A7 1R
Mz

AT



1802 ot 5 2 s

F54 %

Demodulation
module

Swept frequency

2 HETOLL LR ER AT R 4t

Fig. 2 Salt depth detection system based on fiber optic sensing
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Fig. 3 Salinity testing based on fiber optic sensors
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