B
OEE |
4

& x93

Opto-Electronic Engineering

WA FF  EMER[/TR

Article
2026 £7 B, ¥ 53%, £ 7H

ETFRENTRAATS
MELZSH FP BEEYEK
L IR R R

%%}(Tﬁt ik%m\], éaﬁ%l> Ffiﬁ%m1, %

WLHR KM TR B, VL5 FHYT. 212013; |
LI KBTI e & S HARTE A=, VIJF T 212013

HE: ALREHAERIET —FATREAYEREAZ-30F T3 (FPl) 5 L4k-F &R T3 (MZI) 89 55 R F R,
TRTERILBE., KEkLEBEERENGHIBELN T, %% RS MR — B84 6 09 LT dikok 4 (PCF), AR
55 B B TR AMEA R AR AR (FBG) 5 A T& ) MR AHHE FPI, JHld $4Ek4 (SMF) 424 i
THEGER R G, FREXEY, MAHOERERSNERL. EAFEN (RA)FARTNE, LZEEHH
#-0.0465 dB/°C. -25.1557 dB/ (mol/L) 5 2.2878 dB/kPa, EH LM E A, RHED. TEZLFHhY, EEFFEL
MAFB I d T G 5 B AT % o

KHEIR): DGR TH; AHE-AT T, 2534 AHFERS

The English title and abstract appear at the end of the paper.

DOI: 10.12086/0ee.2026.260019 | CSTR: 32245.14.0e€.2026.260019 | FESHES. TN249 | SCEAFRIRAG: A
SERE, RCTAR, UrEE, S SETHIHOE T RO 5905 a5 FP RIS KR ENRE RIS [J]. JGH TR, 2026, 53(7): 260019

Chai J B, Dai Z J, Ji F H, et al. Seawater temperature, salinity, and depth sensing using tapered photonic crystal fiber and cascaded
hollow-core Fabry-Perot cavities[J]. Opto-Electron Eng, 2026, 53(7): 260019

il

1 3]

KA O e 35 4 R AR 5P 5 U R GE I R B A
B, RPHGREE . ERIE . TRIE (JEJ7) SF AR SRR
SRR PRIE M I A St 9K R R TR TSR Dy S B B
WSHRLE | R OB, H AT R T
LR B B R 0 A R g A% e 1) rL 1S o T
RO BRI R B, BTS2 BT 3 AR
B e <N v o NS 1 D S Vs 1 s 27 S e
FIREAR N BAT PR EETHURE 150 | 18 T b 8 AL i

ZER B H S R o A 2 5 S A, B
IR A 52 R ISR 7 1) o
RIEZFERDCL T iR T EF W
FoRBAR . BT, HAIROELH LIRS E 2L
FIA%GHE (fiber bragg grating, FBG)'" ., ¥: 4 H-F1% T4
% (Fabry-Perot interferometer, FPI)!'" | b -8 f# /R £ 3
% (Mach-Zehnder interferometer, MZI)"'” #4451 " 5@
BTG (PUKITIR) MG AR, SLEF R IR ARTE
TR . R MR E R T, IEB A SN — 2
O 1) 2 ZHR D W R R i, Ji AR R

s HEA: 2026-01-19; &[EIHHE: 2026-03-18; FFAHE: 2026-03-20; MKZHARHER: 2026-07-25
E¢UE: PEELERSAES T FIH (2023M741435); 11708 HRB2EIE 4 (BK20240838); VLI K23 A TR B A 2% &5 iR B S 505

FEIFEA (MAET202324)
“BIE1EE: $%, 1000005738@ujs.edu.cn
WA ETH©2026 H R Bt B AR BESE r

260019 (Page 1 of 11)


https://doi.org/10.12086/oee.2026.260019
https://cstr.cn/32245.14.oee.2026.260019
mailto:1000005738@ujs.edu.cn

SEfI, 45 6 TR, 2026, 53(7): 260019

https://doi.org/10.12086/0ee.2026.260019

FHAHRE G SO AR RSk kX AR A 414
KESHRRKIRES, 715 T REUEH 16.22 pm/C
B AR RE S I R 5 Li 5 A AS OB ET (hollow-
core fiber, HCF) ZI|{th >~ C BISGET 43 5 iR s Mk
W, GEAUERRAON , I K B L 1 e R R T
e, REE Y HN-2.69 nm/%eFl—4.54 nm/°C"", Zhang
25 N WU G 2T 22 T TURRAR /4 X4 T8 iR 1) 66 B A% 188
HESUUR T 4 IR — B 3L (polydimethylsiloxane,
PDMS) ) JC .t JE 4T (no-core fiber, NCF) 4 1 ) 1 B %
JEGEIER, SCEL T EhE R UER 0.73 nm/%o AL R
BRE F—-2.43 nm/°C S EOLA R ST iAo
£ (Photonics crystal fiber, PCF) i iz H: J& 3 14 HE 51) 1) %
gk 5L, B AR TR S R AR N X, X
— MBI T T AR GO CET i 5 o S A
FEfe S, AL BN F i S T 5 3 1) A T
RF U, Liu A2 T — BT @ ST 3R X Fr 2[5
FLIETF FRRSCER (1435 5 SR T4 B, 38 3k W 0 X g
PRAETWOLIE, S TRk 53R i i R U [R5
W, AL A BT R H—0.8987 nm/°C, #hJER
BEORE A 5.1472 nm/%o" . Wu S5 \HEH T —FPEE R T 3%
T 55 B AR 5 MZILFEER LSBT GRS
SEER T HEKER BE (RAUE 0.5186 nm/%o) 5 iR (5 EE

0.1263 nm/C) M fee PR R M, AU T WS4
T2 R ) R R A M AT Y A R R K A R
FRIERES TSR P A U AL 2 A B i B IS R R e
FeR ) HARELREE S, Rt —S R,
ARSI T —Fh O T RS W FPI A MZI Y&
B SRR R R G LF A B, T ) A I K R
JE L ERERUE T (W), e, BAYER FPLE
RSB IREATT, XK LA e N R A
HE PCF ¥4 i i MZI, 52 B 25 13 748 4k 14 v % 40 % R
W ey, HER FBG T ICBHEEE#ME , A 30k
T A AR, A A S R RBUN .
PR e, SEBAR ILAER B L FhBE . RIS
1) R AHE S35 h—0.0465 dB/°C, —25.1557 dB/(mol/L) 5
2.2878 dB/kPa, FrixitmyfGidasl ey fE, RESEE,
PP PR LA W DU S50 R B S A1 O P i 5%

2 fRREIRIB M R AL AR

] 1(a) 88 19 264 g KR AR TR B &
K, T Y6 (broadband light source, BBS, TopPhotonics)
B P K JE B S 1250 ~1650 nm YBAE 5, 25 50:50
WG aHEm 2Rk, RS KMEENZ)E,

Coupler

A1 RBREEMOREE. (@) LA EABOFENREE: (b-d) 5% A,

Sensor

i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
J

BEL RGN EE

Fig. 1 Schematic diagram of the experimental setup. (a) Optical characterization system for the fiber-optic sensor; (b-d) Correspond to the dedicated test

configurations for salinity, temperature, and pressure measurements
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Fig. 2 Schematic of the fabrication process. (a) MZI sensor based on the polymer film FPI; (b) Polymer film FPI sensor
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Fig. 3 Graph of salinity test data. (a) Transmission response spectra of the sensor under different salinity levels; Variation and linear fitting under varying

salinity for: (b) Interferometric Dip 1; (c) Interferometric Dip 2; (d) Reflective Dip 3
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Fig. 4 Graph of pressure test data. (a) Transmission response spectra of the sensor under different pressure levels; Variation and linear fitting under

varying pressure for: (b) Interferometric Dip 1; (c) Interferometric Dip 2; (d) Reflective Dip 3
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pressure of 2.94 kPa; (b) Spectral response at salinity of 2.0 mol/L and pressure of 4.90 kPa
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LRI TASSOITR R S YR FPL 5 MZIT)
S G AR IS 5 HABRR IS B LT A2 IS 22 8] A4 2 %
wedtifly | R R | R RUE R ) REUESHOT
TR PERE HLEL, AT Sen TR REUE . 5 HAMETEOL
CHABASARA L, ADFTE AT [R) I SE G TRLE | R RN e i
=R, ER S R AR, AT B
PEA L

4 45 iR

AR SCHE IS B8 UE T — ol n ) A 0 VA IR
R 5 RS0 MZIAG RS o 12 AL IR A8 1 3R
W7 PCF AT i Ab 38, IEAE LW o A e
U5 B #MER FBG AL T 1R J7 0 & 1 2R & 4 3 Bt FPI,
T S 5 2 0 52 5 A5 SRR A ) o B 9 e 1 A )
WM A TORTEG B T IR, JE&d— RS
SLEGRT R, GESE T IZAE RS B RAFILR B PERE
S AR . B SOGTETE BE XRS5 R ARk
PR gtk N, R S ik $]-25.1557 dB/(mol/L)
5522878 dB/kPa, Jf i it LMk FBG L T REE A
—0.0465 dB/°C M I BE AN o BT PIASEIE T b g S

FBG ST T i e A O R, AL I as s S8 1 %)
TR R S R

JUE AN IRARTE S50 % PRI T B I 57 A A2 B
fE, (EIA [ SEPRE RS, e fE SRR E TE S
W RTSEPE TS THOT e RGEVEDT I o e SE TARRE LR =4
JR T«

) APRUZET : TTJRSRA Wi 0 KU K R 15
e, VAR AR A s R R I (i
ALO;. Si0,) BUT %, MARAS LR THERICH {2
SVihé

2) BRI Bt SRR rh-WIPER - PTG TR R
ZZEESH, FSNHE PCF A5 ME 55 XA T X I
B, JFITRE M A R ER IR S 2 P E

3) RGIEZ T : IEHELZSEE G EENE, T
JRAC IS IS 5 3 SUBURRAZ I 5 MR S DL 5 R
T MADEEE PREE T B0 UE A2 A i K T S

Li LIk, GRS S BT . R RERE S RS
RES B AT T, R SRR i AR B R
SRR TE AL, BB A S A R ) 5
PRI S M NS, O e R TR RE BE L BT
KA LEAI AR Bt— T L 2T AR B R 3

260019 (Page 8 of 11)


https://doi.org/10.12086/oee.2026.260019

SEfI, 45 6 TR, 2026, 53(7): 260019

https://doi.org/10.12086/0ee.2026.260019

e ok
St SCRRIRAT . S50 . IRSCEAR; WA, esuBE,

Eorprs wrse: Bnab s BRUIEH . S0 Ba.

L

Bt BT, 2PRvi.

FlzE s
JI A A P JC M £ 0P

S22 3Rk

Li Y J, Takahashi S, Serikawa S. Cognitive ocean of things: a
comprehensive review and future trends[J]. Wirel Netw, 2022, 28 (2):
917-926.

Kobayashi T. Salinity bias with negative pressure dependency
caused by anisotropic deformation of CTD measuring cell under
pressure examined with a dual-cylinder cell model[J]. Deep Sea
Res | Oceanogr Res Pap, 2021, 167: 103420.

Xiao S Y, Zhang M L, Liu C H, et al. CTD sensors for ocean
investigation including state of art and commercially available[J].
Sensors, 2023, 23 (2): 586.

Gu L J, He X G, Zhang M, et al. Advances in the technologies for
marine salinity measurement[J]. J Mar Sci Eng, 2022, 10 (12): 2024.
Schwebke S, Winter S, Koch M, et al. Piezoresistive granular metal
thin films of platinum—boron nitride and platinum—alumina at higher
strain levels[J]. J Appl Phys, 2018, 124 (23): 235308.

Hendee J, Amornthammarong N, Gramer L, et al. A novel low-cost,
high-precision sea temperature sensor for coral reef monitoring[J].
Bull Mar Sci, 2020, 96 (1): 97-110.

Santos V C V, Santos T L M. On the variance propagation of
thermistor-based measurements with a digital temperature
controller[J]. Measurement, 2022, 192: 110863.

Wu J H, Xu Z L, ShiY, et al. Phase matching sampling algorithm for
sampling rate reduction in time division multiplexing optical fiber
sensor system[J]. Opto-Electron Technol, 2025, 1(2): 250006.

Gao H, Hu H F, Zhan Q W. Tailoring temperature response for a
multimode fiber[J]. Opto-Electron Sci, 2025, 4(1): 240004.

Wang J N, Zhou X L, Miao Y F, et al. Integrated and compact fiber-
optic conductivity-temperature-depth (CTD) sensor for marine
detection[J]. Opt Laser Technol, 2023, 164: 109523.

Chen G, Wang A Q, Zhang Y, et al. Operando monitoring of state of
health for lithium battery via fiber optic ultrasound imaging
system[J]. Opto-Electron Sci, 2025, 4 (6): 240036.

Wu X X, Chang J H, Hu Z Y, et al. Optical fiber temperature and
salinity sensor based on polynomial surface decoupling
algorithm[J]. Acta Opt Sin, 2024, 44 (23): 2306002.

SR, H AR, WA, A5 ST 20l AR R e AR R A

SEnidr (2001-), B, Wi, MEDLLREIRE. et
Ea RIS
E-mail: 1976153752(@qq.com

13.

20.

21.

23.

24.

25.

26.

FIRRRIJ]. JE 727412, 2024, 44 (23): 2306002.

Ma Y X, Han B, Cheng Q, et al. Highly sensitive dual-channel
Michelson interferometer for seawater temperature and salinity
sensing[J]. I[EEE Trans Instrum Meas, 2025, 74: 9533908.

Liu Y H, Lin W H, Zhao F, et al. Dual-parameter fiber sensors for
salinity and temperature measurement based on a tapered PMF
incorporated with an FBG in Sagnac loop[J]. IEEE Photonics J, 2024,
16 (1): 6300107.

Wang Y, Tong R J, Zhao K J, et al. Optical fiber sensor based on
SPR and MZI for seawater salinity and temperature measurement[J].
Opt Laser Technol, 2023, 162: 109315.

Ji L T, Zhao S S, Sun Q Q, et al. Seawater temperature
measurement system based on wavelength sweeping and cross
correlation algorithm[J]. /[EEE Sens J, 2023, 23 (9): 9280-9286.
LiCF, Zhao Y, Li Z J, et al. Femtosecond laser etching C-type fiber
optic vernier sensor for seawater temperature and salinity
measurements[J]. Sens Actuators B Chem, 2024, 416: 135983.
Tong R J, Zhao K J, Xing B, et al. An optical fiber sensor for salinity
and temperature simultaneous detection based on dual SPR
effect[J]. Opt Laser Technol, 2024, 175: 110760.

Liu X Y, Yin B, Li H S, et al. Highly sensitive sensor for
simultaneous underwater measurement of salinity and temperature
based on highly birefringent asymmetric photonic crystal fiber[J].
Results Opt, 2023, 11: 100406.

Wu S C, Zheng H N, Li S'Y, et al. An SPR-MZ interference-based
fiber-optic sensor for dual-parameter measurement of seawater
temperature and salinity[J]. /EEE Sens J, 2025, 25 (14):
27314-27321.

Liang Y, Liang H, Kong L X, et al. Thin-diameter photonic crystal
fiber magnetic field sensor based on controlled hole collapse and
infiltration[J]. IEEE Sens J, 2023, 23 (22): 27337-27342.

Wang S Y, Wang D X, An Q, et al. Multi-regional natural aging
behaviors and degradation mechanisms of polyurethane-coated
fabrics under coupled multiple environmental factors[J]. Polymers,
2025, 17 (19): 2634.

Wang Q, Zhang H, Yang M L, et al. Semi-open cavity grapefruit-
microstructured-optical-fiber-based Mach-Zehnder interferometric
sensor for high-sensitivity simultaneous measurement of salinity
and temperature[J]. Opt Laser Technol, 2025, 183: 112268.

Zhao J C, Liu R J, Wang M Y, et al. Integrated hybrid optical fiber
Mach-Zehnder interferometers for simultaneous measurement of
seawater temperature and salinity[J]. Sens Actuators A Phys, 2024,
380: 116065.

Upadhyay C, Dhawan D. Fiber Bragg grating refractive index
sensor based on double D-shaped fiber[J]. Opt Quantum Electron,
2023, 55 (3): 271.

LuJ Y, YuY, Qin S P, et al. High-performance temperature and
pressure dual-parameter sensor based on a polymer-coated
tapered optical fiber[J]. Opt Express, 2022, 30 (6): 9714-9726.

CEfsfed ] B2 (1994-), &, Wi, PHm, EEM
PGS CLT A LB S AR . D6 = B0l f gl £ /&
ERFSETTIN, TEHRFETRGORA 2 0, I I
PR 2 300, PR E 1

E-mail: 1000005738@ujs.edu.cn

260019 (Page 9 of 11)


https://doi.org/10.1007/s11276-019-01953-4
https://doi.org/10.1016/j.dsr.2020.103420
https://doi.org/10.1016/j.dsr.2020.103420
https://doi.org/10.3390/s23020586
https://doi.org/10.3390/jmse10122024
https://doi.org/10.1063/1.5054972
https://doi.org/10.5343/bms.2019.0050
https://doi.org/10.1016/j.measurement.2022.110863
https://doi.org/10.29026/oet.2025.250006
https://doi.org/10.29026/oet.2025.250006
https://doi.org/10.29026/oet.2025.250006
https://doi.org/10.29026/oes.2025.240004
https://doi.org/10.29026/oes.2025.240004
https://doi.org/10.29026/oes.2025.240004
https://doi.org/10.1016/j.optlastec.2023.109523
https://doi.org/10.29026/oes.2025.240036
https://doi.org/10.29026/oes.2025.240036
https://doi.org/10.29026/oes.2025.240036
https://doi.org/10.3788/AOS241310
https://doi.org/10.3788/AOS241310
https://doi.org/10.1109/TIM.2025.3604931
https://doi.org/10.1109/JPHOT.2024.3351092
https://doi.org/10.1016/j.optlastec.2023.109315
https://doi.org/10.1109/JSEN.2023.3255204
https://doi.org/10.1016/j.snb.2024.135983
https://doi.org/10.1016/j.optlastec.2024.110760
https://doi.org/10.1016/j.rio.2023.100406
https://doi.org/10.1109/JSEN.2025.3571761
https://doi.org/10.1109/JSEN.2023.3320810
https://doi.org/10.3390/polym17192634
https://doi.org/10.1016/j.optlastec.2024.112268
https://doi.org/10.1016/j.sna.2024.116065
https://doi.org/10.1007/s11082-022-04500-2
https://doi.org/10.1364/OE.452355
mailto:1976153752@qq.com
mailto:1000005738@ujs.edu.cn
https://doi.org/10.12086/oee.2026.260019

Setiid, 5. R TR, 2026, 53(7): 260019 https://doi.org/10.12086/0ee.2026.260019

Seawater temperature, salinity, and depth sensing
using tapered photonic crystal fiber and cascaded
hollow-core Fabry-Perot cavities

Chai Jingbo?, Dai Zijie!, Ji Fanghao?, Chen Mingyang!, Liang Ying!#'

!School of Mechanical Engineering, Jiangsu University, Zhenjiang, Jiangsu 212013, China;
ey Laboratory of Modern Agricultural Equipment and Technolo iangsu University), Ministry of Education, Zhenjiang,
2Key Lab y of Modern Agricul 1 Equip d Technology (Jiangsu Uni ity), Ministry of Ed ion, Zhenjiang,
Jiangsu 212013, China

Abstract

Objective Although conventional electronic sensing technologies are mature, current marine environmental monitoring that primarily
relies on them still faces limitations, such as poor interference immunity and high system complexity. While fiber optic sensing technology
offers advantages like immunity to electromagnetic interference and structural flexibility, existing research has largely focused on single-
parameter detection or wavelength-interrogation methods, leaving challenges such as cross-sensitivity in the simultaneous decoupling
measurement of multiple parameters unresolved. This study aims to construct an all-fiber multi-parameter sensing probe that achieves high-
sensitivity synchronous detection and effective decoupling of temperature, salinity, and pressure, thereby providing a reliable and easily
integrable fiber optic sensing solution for in-situ marine environmental monitoring.

Methods This study adopts a systematic experimental approach, which primarily consists of two parts: sensor fabrication and performance
testing. The sensor fabrication procedure is outlined as follows. First, a photonic crystal fiber is spliced with a single-mode fiber using a
fusion splicer, and a tapered region is formed through a tapering process to construct a Mach—Zehnder interferometer. Subsequently, a
hollow-core fiber is spliced to an SMF, cleaved approximately 80 um from the splice point, and a polymer film is formed using UV-curable
adhesive to fabricate a Fabry—Pérot interferometric cavity. Finally, a fiber Bragg grating is connected in series with the above structures via
single-mode fiber to form the complete composite sensor. Performance testing was conducted on a dedicated optical platform. A broadband
light source with a wavelength range of 1250—1650 nm and an optical spectrum analyzer with a resolution of 0.04 nm were employed. For
salinity testing, a series of NaCl solutions with concentrations ranging from 0.5 to 3.0 mol/L were prepared, and the solutions were injected
via a syringe into a glass capillary tube containing the packaged sensor to complete the measurements. Pressure testing was performed by
adjusting the immersion depth of the sensor in a 1.6 m water column to achieve continuous pressure variation within the range of
2.94-8.82 kPa. Temperature testing involved placing the sensor in a water environment on a temperature-controlled stage, with heating and
cooling tests carried out in the range of 29-39 “C with a step size of 1 °C. Based on the test results, a sensitivity matrix was constructed to
enable synchronous decoupling measurement of temperature, salinity, and pressure.

Results and Discussions The influence of salinity, pressure, and temperature on the spectral characteristics of the composite fiber
sensor is summarized as follows. For salinity sensing, the intensities of the interference dips Dip1 and Dip2 in the transmission spectrum
increase linearly with rising salinity, with Dipl exhibiting a sensitivity of —25.1557 dB/(mol/L), while the FBG reflection peak remains
stable, confirming its temperature-sensing independence. Under pressure variation, the depths of the interference dips decrease regularly
with increasing pressure. The pressure sensitivities of Dipl and Dip2 are 2.2878 dB/kPa and 1.456 dB/KPa, respectively, and the FBG
reflection peak shows negligible response to pressure change, indicating good pressure-temperature decoupling capability. Temperature
experiments reveal a stable response of the FBG reflection peak with a sensitivity of —0.0465 dB/°C, whereas the interference dips exhibit
piecewise-linear temperature dependence. Based on the above experimental results, a sensitivity matrix was established, which successfully
enables simultaneous decoupling measurement of salinity and pressure. The average measurement errors for salinity and pressure are no
more than 0.029 mol/L and 0.28 kPa, respectively, demonstrating reliable multi-parameter sensing performance of the sensor for marine
environmental monitoring.

Conclusions This paper proposed and experimentally validated an MZI sensor for simultaneous measurement of temperature, liquid
salinity, and pressure. By tapering a PCF used for salinity sensing and splicing it with an FBG for temperature compensation on one side
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and a polymer-film FPI for pressure sensing on the other, a complete MZI sensor capable of multi-parameter measurement was constructed.
The transmission of input light through the fiber sensor was analyzed theoretically in detail, and its performance was demonstrated through
comparative experimental validations. The results show that the fabricated sensor exhibits linear spectral responses to variations in liquid
salinity and pressure, with salinity and pressure sensitivities reaching —25.1557 dB/(mol/L) and 2.2878 dB/kPa, respectively, while
temperature compensation via the FBG achieves a temperature sensitivity of —0.0465 dB/°C. By constructing a sensing matrix based on the
salinity—pressure sensitivities of two selected interference dips and the FBG reflection peak, simultaneous measurement of the three
parameters is enabled.

Although this sensor demonstrates excellent sensing performance in laboratory conditions, systematic research on environmental stability
and long-term reliability is still required for practical marine applications. Subsequent work will be conducted at three levels: 1) material
level: conduct long-term seawater immersion and accelerated aging tests on polymer films to evaluate their service life; simultaneously
explore inorganic film alternatives (e.g., Al,O;, SiO,) to fundamentally enhance the chemical stability of the sensing unit. 2) Encapsulation
level: design a multi-layer encapsulation structure comprising “flexible buffer-rigid protection-anti-fouling coating” with a focus on micro-
area coating protection for vulnerable areas like tapered PCFs. Conduct high hydrostatic pressure cycling tests and seal integrity
verification. 3) System validation layer: construct a multi-parameter coupled environmental simulation chamber to conduct long-term drift
and cross-sensitivity re-evaluation tests. Plan real-sea deployment trials to validate the sensor's long-term reliability under typical oceanic
conditions. In summary, this sensor demonstrates strong potential in structural design, sensing performance, and decoupling capability.
Future work will follow a three-pronged research approach integrating materials, packaging, and systems to progressively advance it from
laboratory prototyping to practical in-situ ocean monitoring applications. This will provide a novel all-fiber optic sensing solution for high-
precision, interference-resistant, long-term continuous observation of ocean temperature, salinity, and depth.

Keywords: Mach-Zehnder interference; Fabry-Pérot interference; multi-parameter sensing; fiber optic sensor
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