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Abstract In response to the practical measurement requirements of marine hydrological environmental parameters,
this article focuses on the sensing mechanism, research progress, performance indicators, and existing technical
bottlenecks of various types of fiber optic ocean conductivity-temperature-depth (CTD) sensors, and also briefly
introduces the research progress and engineering application of marine environmental parameter sensor arrays.
Judging by the research progress at home and abroad, the fiber Bragg grating CTD sensor has strong stability and
environmental adaptability. First, it has initially satisfied the demand of marine environmental engineering
monitoring and has had important application value in the research of marine environmental parameter sensing arrays;
while fiber-optic surface plasmon resonance (SPR) based CTD and tapered fiber-based CTD have high sensitivity so
they have good potential for application in multi-parameter integrated monitoring of the marine environment.
Finally, based on the brief description of the development needs of a new generation of marine monitoring networks
represented by the “Marine Internet of Things”, it proposed the developing trend and technical requirements of all-
optical sensors for marine environmental parameters, which will provide scholars engaged in related research with

reference materials and ideas.
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Fig. 1 Refraction type salinity sensor based on optical prism method'”. (a) Schematic of salinity measurement system;
(b) schematic of light refraction through the sample unit
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Fig. 2 FBG salinity sensor. (a) Structure coated with hydrogel directly"”; (b) structure coated with hydrogel after etching"”
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Fig. 4 Salinity sensor based on F-P cavity interferometer”"
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Fig. 5 The structure of temperature and pressure sensor

based on fiber tip F-P interferometer”

Wi 17 P 5 305 5 R0 R 7 A2 Ak BROAS [R] R RO
22 S B, PRI T 3 g SR A s g R B SR AR A R
I A8 Ak [ 20 52 B BE R R ) S AR . W LA
UL B 2 , QR A 2 F-P T P AR O £ i 1T 2R A
AR 4 K BE i A5 b B 2 B A% SRR AR A S IR
L R = SRR
Sagnacjliﬁf)‘(ﬁ/ﬁ}ﬁ%ﬁfhﬁfﬁﬂ:ﬁ]iiﬁ%@,ﬁﬁ
28 3o R E O B A T T S 0 L B R . 2011 4R,
Zhang %" B Y —Fp 3L T BE ARG ET (1) Sagnac T
A, 38 5k S 50 iF B L B A e R R T e . A
fITFI H Jones % 4 W3S I 438 T I Sagnac T 4%
4 1 T A% I Dt B C R el RO 800 71 R 1Y) RE AR D' 21 WL
Yo A8k ), BT @RIk 146 nm/°CHY IR B R
BE o 2014 4F B B BT K24 Wu S 350 T —Fib
HF Hi-Bi Y& T b R G £F 119 Sagnac + ¥ AL ER 8 1% 8%
L RGN 6 iR o 1% Sagnac T AL FEEH
—~ 3 dB A 5 R —/NB R A R e 19 Hi-BiDG
TR o, LT RN
11.12 pm/% (AL R T RE o 2 A% IR A% A R g
T REBEAG THlE IS . ik — 28 i
SR P AR SRS 1) R R O T AR
LR AN G AR S T R =38 195 nm/ %

 3dB Y BBS

OSA

<1NaCl solution

o= @_ < Polyimide-coated PM-PCF loop

6 3T Sagnac T ¥ A ER B I 5k 2% R B 1R
Fig. 6 Schematic of salinity measurement device based on

Sagnac interferometer’””

B Eh AL I RES . N R IR FT 45 B T L, Sagnac
T AL S A R SR ) D Re A, R R O AF
S5 B R I R 0 A% N FH AR A -

M-Z T #5ACT DL FH > U0 SR T 5 B 28 3 AN [+
A CRIAT 51 AREIN Py 38 2 5 0 60 ) J5 i ™ A
B A X AL AR AR, HRTEEF M-Z T3 E w2
TRz T R R Y S AR
Sy 4 e M-Z VA0 T B SR AR DAV A2 i o B R R
JEE AT oK WA R I Tl K24 1) Zhang 46(2013 4F)
Pt — BB T M-Z T AR B BRI R 2 09 TR B AR
FREE . AL RS e B K 7 TR T S
M-Z T WAL — DR G R AR b S TR PR A R b
SIS o 38 LD IR I 0 6O RO, AT I 4
AR B TR B R AU (T35 320 rad/°C) , 5 33 M-Z

BT T M2 AR AR R 2

Fig. 7 Temperature sensor based on nested annular cavity of

M-Z interferometer™”

1306019-5



$£58% £ 1381/2021 £7 B/HAEXBFEHE

TWAAH L i RO S TR

2012 4, 85 74 AR B B M A B AR R Y
Guzman-Sepulveda % BF il H — Fp 2& F 8L K £F
(TCF) i M-Z T ¥ AL, F00 H ] T R A% B 4%
JEAIFTE o AR A M-Z T WAL S50 an 51 8 i 7S , 38
b 7E AR BB AF v s 4 TEC IR A . PREB 4
Yo #iA B TCF )2 WIE iU 28, Mt iZ M-Z T
AR T A7 75 RUES v (8] i JBE 1 1 6 A | i A7 7E 24
b BRI A BT SR kAR AR A AL R LY
A AT S AL R X T B ASGE S 7 AR PR AR
T S5 B AR B AL TR T RE o %A% A8 #E 0~22. 6%, 11
RIS FR AL R U nT 3K 253. 77 pm/ Yoo

_125 ym_

];‘l“” a | S‘““J“]

% 3
SMF! TCF ISMF
P8 BT WU G LT ik B AL s
Fig. 8 Salinity sensor based on two-core optical fiber”™’

b SR BIE ST AN HE A, D' £ 22 BT A A Ik
JCEF P AFTE Z AR RIS, DRI X DG 2 S 3R 358 47 5 6
AR A BRI AR R G £F 9 B A S S BRI UK £
e B it T A B H R AR . ML Z 8+ W d
TG ET B A A 4 P HE 2 FhOL AR IR B 0 1 A O X
S, PN, Meng 511 (2014 48 ) Bl iy — Fh 3 T
T EOLE (NCF) 5 B 27 1R 5 7 H2 16 45 24
T, AR AT 3R AL T 5T T B T R
4 19. 4 pm/ %01 R AL

i b BAROGET TR CTD & B i 5 LS 1T
— AR AR 2 HAR S BB — s S AR, L
FAAE RIUEA IR AR e 22 . NI, %
SEHLE K IR BE R IR 3 S A R D AR R O
1 A2 9B 1 PR 05 TR N T8 5K, 38 5 1 — 25 T A G
WFoE TAE .
2.4 XF@REATE

b T RO 27 (PCF) SBEFK o T3 45 #4906 £F
(MSF) , B4k Z 8]z Kt . B R Em b4
SF AR AR A R A AR HESE A = AL
X 2L B R SO0 R KRR ] —H 2. AH I
TAEGELr , PCF AL JZ I 3 5] LU T 20 8 A
HATHTAR . PCF BAT 5y RS I FE 5 IR
CRLAE R AR, 18 AR WA RO A A% SRS T T e B 1 ¢

RS . T PCF A7 7823 S AL, e H v 4
Fo 4R E AT 5 R UCEC I (IMF ), 7T 52 B PR 55 38 188 4% Jak
Ty ge (IMF 1% 47 5 3 25 Bl J& [ IR B2 0% 78 Ak i A2
) TRIRE KK 51 PCF 28 S AL, T 5z
B K R AL IR BE . BN - 2017 4F , Vigneswaran
AU ] e BV A8 9 POF S5 91 1 1 /K 3k 8 4% o)y
AE. aNIE 9 R AL B ¥ R K FEA T A PCF 1Y d,
AL Bl WK ER B AR AL, 2 U A R B R
KRR DTS B8 i I R oy fi 1 19 2 S5 D < T %
0T 30 e RO O 0 S A R AT, U
WAl ik 5405. 4 nm/RIU F15675. 67 nm/RIU,

K9 JEF PCF ML ifas s e

Fig. 9 A cross-sectional view of PCF-based sensor

5 52 B PR 35 op, PCF 23 AL v B 1 00 4R A =
IMF 3 2 3 a4 5 00 /0 80 e ) 8 AT 7E
SR i M 0 B85 P AR X T 2  H Y K S B
PCF @Al o Wit , 8 PCF B2 0 77 96
CTD f& gk A MERE o T A 4 17 SC AT it B RIF 5 R
B PCEF 5 T3 A0 A A WDOEM 5 2 AR 45 &,
VA B S B B G A AL TR RE
2.5 L SPRE

JGEF T 5 B - LR (SPR) J& 48 G 25 & 1 19 16
5 B AR G £ 3R Y G R IR R AR B A R T IOT
RN, — i 3 o 7 0 1T 5 15 i B Ol £F 2 i B — )R
G VL R TR B S g R AR T, 4 )R
5 A4 JEE B3 38 &/ F 100 nmo SPR 77 4 T ZOL 4T
168 1 57 0 O 15 <6 J 2 THI 45 B 1 6 A2 i O DR C 2%
P, 33 55 3R T <6 Ja B0 A 8T S SRR O T T 46
0 AT R AT ) 38 M2 5 G T I ik 1) B 58 A4 R B
PR B, 3T SPRAUN AT LS i R A
10 PR35 A AT 5 AR AR B, IR AR A A B (BT AR
25y T e il ARG I PR W R A D L S ik B
S GE S S B Tz 9 R T F 5T o Esteban

[33]

1306019-6



U MO R AT T AR AR A IS T R =
REYEER WE%WO
2016 4F , B P4 51 1Y Velazquez-Gonzalez 255 41
— LT PR G LT 6 1 OB 2 SPRES MY, JF 5L
T RAEE N 2323, 4 nm/RIU Al — 2. 850 nm/“CHy It
SRR AL I e o 2GR il i 7E 2RO 2
(] 95 22 1) BRSO 21 b B < o 4 T A, O FLE 4 R B
JIEE 11— /NS 4 DX B Uk 7 R R 3L ik A B (PDMS) .

$£58% F 13H1/2021 £ 7 B/BAEBEFZHE

BE T HRBOL AT B G 1L £ SPR & I 48 AE 08 75 L 2F
2 S OGTE O A AN Ih S B9 SPR 3R i, 7E 1 T Sk
LR A 000 AR A T S RN . AL AR G
WA 10 fr 7, e — A IR ARy R R 1 B B D 7
FRIT Y B 32 A LAY B A AT S AR 3 (] 9
o ALK E A R G Y s o 251k 75 — 43k
R U, L 1] T B 0 9 A 3 AR A T AN 32 A0 B AT
55F AR G2 PRI A 0 I 900 nm) .

Cr/Au
Layer

Evanescent
e L]
g * <<+ A

Sensing Region
7

Coregyy

OSA

B0 3T - B - 45 M 1 14 SR R G B e

Fig. 10 Sensor system diagram based on multi-mode-single-mode-multi-mode structure"

2019 4%, AR b K 240k B PR A 4R — Rl T
SPR &KW L[] B 0 8 1A 7K R 5 R RN R T e £F
fEIRAN B 11 fr7R o %07 K o 7E PCF Y6
LT R MR — 2 4 K R 3% 1 AF BT LR O, A
Fﬁ$1ﬁ)‘tﬁ?5PCF%%A%?iiI%@FﬁJW%MEJS

AR U N 77 A £ 4 SPR 4R i H2 3t n] BE .
I&’%Ltl:z%,ﬁﬁ%@%‘%xﬁﬂﬂtﬁ@;‘ﬁﬂﬁ(PDMsﬂ
SU-8) 43 5l ¥ 78 7 42 WA AN W] 3B A2, AT B 1 3 A4~

(@ MMF

/
4 SU-8 Layer : ;

Au film

PDMS Layer Reﬂector

[39]

N [R) 9 SO DX I, A A% B DG 7 A 3 AN TR Y SPR
JEYRIE o il I A S B AL %A% AR AT LSS B
O O R M e ok R B
0.560 nm/% . 1. 802 nm/°C #l 2. 838 nm/MPa. #
Jei e A A R U R, SR R R 3
/iﬁciﬁifiﬁéﬂﬂ A4, R 4L T e T 5T
C B A A5 A4 DI 21 S0 S 7 7 T8 32 RT3l 38 1 B2
DA g TAE
()

Surface plasmon resonance state

—

Section 2 Section 3

Section 1

BI11 3 TOLLF SPRIGHER b IR 2 S St BHSL BT () S5 K 1] 5 (b) J5T 2]

Fig. 11

The design of temperature-salinity-depth multi-parameter sensing probe based on fiber SPR™"

. (a) Structure diagram;

(b) principle diagram
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