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Study on Simultaneous Measurement of Temperature and Salinity
Based on Brillouin Scattering

Ma Yong Liang Kun Lin Hong Ji Hang
(Wuhan National Laboratory for Optoelectronics , Department of Information and Electronic Engineering,

Huazhong University of Science and Technology, Wuhan , Hubei 430074, China)

Abstract The parameters of seawater, such as temperature can be detected based on the detection of Brillouin
scattering signal. Because Brillouin frequency shift is a function of two variables, temperature and salinity, the
precise measurement about the two independent variables by Brillouin frequency shift is impossible. It is found power
of Brillouin scattering signal is also a function of those two variables. so the method to simultaneously measure
temperature and salinity by measuring the frequency shift and power is proposed and the synchronous measurement

about temperature and salinity is realized.

Key words optical measurement; Brillouin scattering; temperature; salinity

1 5l E

SR FH AT LUK HIC {5 5 A6 DU B AR 2R A7 1 1 R D 4
F bt 60 RN Bl WOk S M S B AR 1 K
J R ) 3 G I B AR g I A A B K
5 R DNy v A v A AR W e AR B S SR Tz
. Fry &7 SR HA T3 A Bl YAG B3 R
GRS LAY T, J - W WA 8 4 XoF A L IR RIS 1
SEHEAT TORE AR DU S L T 38 O R Al 0 T KR B S A B
TR o O R ABERD , HfE B8 L0 Vg KO B2 . (& SEBR 1Y
e R A IR IRE i Ve AU H 50
T A K, &5l KAFHE S A&, B A 50 &

i B 2007-04-17; KB iEFm B HI: 2007-10-28

JE O TR BE MR BE A e ek .y g mT T ASOAR 4
i R A L DR AR i I 0 Y () A B T R
R BRI RN . Fry S8 52 B T 2 36 B i
R B R B S8 A S P i Al 0 A T T KR
JRE I A 5 Wi ik J3E N0 e 4K

WF 5 % BLAT HLIH S5 5 no BE B 55 A HL DR A%
i LB G AT A S DA i R AR B A o ek K. [
LA SCHULAE A1 L UK R 5 T IR BE R G AR
B S mh b A A B I B I A B | R R
TG G R, T 3 P A 70 5 A AR Vo 9 K Y I R
FIERFE o e AE 52 b 1O P P 36 e AG 0 2 AC 31 A1) A
LRI A 5 (9 BE B AR /) L gk T S B i

HLTIB: EXK 863 1K 2006AA09Z142) FiiIb A B SR B2 3 4 (2006 ABA0SD) WFBH T H .
EFEEA: D WA971—), H,EE, BB, FENFHOETE BRI G S 40 Ly m A F ST TAE.

E-mail: mayong@mail. . hust. edu. cn



8 M Bk T LS 1O B K IR 5 I 4 0 1509
K ek I ER JRE 1% S i ] 20 0 v, :iZ/Tv, 0
P 0 kA BT 3R 0 S 7 A AT

2 HpEE

i L B A 5 A RO G S 7 3
75 W LA T 72 2 9 — FIOR O B . BIOR O f9 950
R T NS B 950 5 A A8 AL 7% A A O 991 7%
Vo SRS 1 KN 5 U R AU A T PO 00 7 B
MR BG4 HUI A 0=180° . Bl Jy AT 432 4 51
F I T S 5 R 2 A L K AR R it

Vg 7 P IR A LUK RO SR o 2 B AR A SRS T 4
JE AR S I BE AR B Y AR AR SR . (1) XA ma0
Y5z #g KR T MERRE S MR .

K o M TR B OKIRE T MR S
AR A

v(T,S) = 1449.24+4.6T —0.055T* + 0. 00029T° 4 (1. 34 —0.010T)(S—35), (2)
; ; s +neS+n; T n 1,
Ty ’ — 7 ’)T TZ Tz s 6 ! 8 9 ~
n(T,S. ) =n, +SGy, +n.T+n, T?) +n, T + X 10° + GO 100)? + X 10°)° (3)
2o, = 1.31405. 7, = 1.779 X 10 *yn, =— 1.05 X 10 %,ny, = 1.6 X 10 %, n, =— 2.02 X 10 °,n; =

15. 868,75 = 0.01155.0;, =— 0. 00423 .75 =— 4382, = 1. 1455 X 10° . A S ABFEIE K K (2) 2. (3) 24t
A D AT FE WK P AT MRS SR SR DL R AR KR

Vi (T,S,2) =+ 2[710 SOy +m T+ T +n, T2+

1449.244.6T —0.055T% 4 0. 00029T° + (1.34 —0.010T) (S — 35)

ns +ﬂGS+7’I7T g
A X 10° (A X 109)?

1y
+(/1><1o°)**J><

4

A Ry ¥ 7K AT HEL R 1) 3R A RS i T K L R R
JEB) e AR T A DR RS B 52 A AR
e fml 4 T i K ol IR R 3 B0 B RS 0 8 Ak
A E S SO PRS0 78 b P R kR R
IR .

2 M E RIS P A ha, <k T (h s ky 53 5] 2
e 593 5 BORNBUR 252 W 8O 54 N . O R T
A BRI L W 8 W] > AR i 22 A o b 0 - TR Ak
B, H R PR AGE B KT A% 55 (e =
21/ QW ZAE. H ELE ki ke Tl w o, 501 RA
St CHUI G R L A R LU R RVRE R AR, G R
INEU R . AR A B E R € =etdese R TTIE
PRI A H B 50, Oe J2& A F B B0 B/ JR 0 4k B
IR, H de<<e. MHEZZ 7Ty R4l vl LA
75 3 A7 FEL PR RIS A T O A O A O R

o exp(lk\ . R())
47I€Ro

A Ry JEUEH AL b5 . T Im S Ab v U 3 2
P 3K T 3 2H 1 AR R B G ok X ke X G Al Ak 5 i
B . iz AT LTS 5 5 B D (Lho) 1 A T
KT V=1dh) )\ 3 deexp[iwt—qr) ] HL
WA IIRR Po=[1k|" « [0e|*0 /166" IpL, 1 Ik
WG oe MRS D it B B R 2, H

E, = ki Xk, XG

SEAERA Ao BB IR G ASHE D R Z

Py |k |0 hddQ|k.|" 5e|? —
P, 16¢” 4x*
|k P dohd €' pPq ks T
64n’e” wzplhd ’

Hop o MG A R E . XHEN: [k~ k| =
2n/2sq=w/Ve . WG H

Py _ wte’ pihy Tl

P, 4Via'

HI T BT P A H B e U 5T KOG SR R o R
B L IO o 0 PR A AR DN T B R 25 2
Bk MIABBP R 20 WEH FHEEL A =
e’ Phyl

SR sty
%z%, (5)

Horpr Py oAl LN RGA D — ARG T i K
IELBE - Vi A HLIH ARG 1 (19 K/, Po D9 A ) ¢
KN BTG A A2 AT R —%E s 0L T . A
HLH BRCS Sh R 5 R R A B IR RS RN S
T A BLUH A RS o SR O T i R A R R R R TR
A HEL UK BT Dy oA 2 5 T il R RIER B A O R
PG5 A AT LIRS B OC T il BE FIER E 19 73 b — A
JC bR K BV AT HE S K AR T SR S M%K



1510 e o o i 28 %
13'" l_] %%ﬂ 4[5 P! “ﬂ =N 4
8 S S 3 (W [ 20 4t p— /%, (P 1oy = 1) (6)
B

FE S bR TR o, (5) 2 AR DB T
5O S RS I 2 R A SC LU 8 5 B AR RO
B AFIEBC AR e A G O T RIS O i A
SCHE A IR T 3R — Ak BIAE AR 2 3 — i 1 1 L
T 5O FUHY 2230 T AT BN B9 HOH S 5 i 2 2k
PR HUR D3R 0 B AR L XA 10 3h (5) X ZE il
BV SAy A B R AT S A A AR X RO B (R R
3590 itk JE g 20 C) I B A3 BLK AR G D 5y 1, oAl
ZRET WA AT RN R P h xS B AT
AREGERIETY 3570 W 20 C i DR LA, B

X A" AL UG 9 R B A8 Vs F1 P E NG
T NS AT N 0 S Tl ) - - ORI
HULEREEBENRT Ve M PRARXHT W K
C6) Jg ZIn 2 Ry B 4R M IR E RN SR B
Fb A8 VR HE o BT A AR SCHE R o 5040 1) ity FE i LA
19 3 5C F il B Rk B i Rk A

HRA7 (4) SR C6) 3K, 75 27 AS [R] I BE AR B 11
B0 X g AT HL DR A RS B Vs RIRE XS A1 B R O
FFUIE PR/ Ay 1M 2 PR,

F1 AHEBHE R Ve(GH 51 R E R

Table 1 Calculated data for Brillouin {frequency shift as a function of salinity and temperature

S /1077
0 5 10 15 20 25 30 35 40
T/C

0 7.04314 7.08208 7.12107 7.16011 7.19920 7.23833 7.27752 7.31676 7.35605
5 7.16024 7.19788 7.23556 7.27329 7.31107 7. 34890 7.38677 7.42469 7.46266
10 7.26406 7.30040 7.33679 7.37322 7.40969 7.44621 7.48277 7.51938 7.55604
15 7.35567 7.39072 7.42582 7.46096 7.49614 7.53136 7.56663 7.60194 7.63728
20 7.43615 7.46993 7.50375 7.53761 7.5715 7.60544 7.63942 7.67344 7.7075
25 7.50657 7.53909 7.57165 7.60424 7.63687 7.66954 7.70225 7.73499 7.76777
30 7.56803 7.59931 7.63062 7.66196 7.69334 7.72475 7.7562 7.78769 7.81921
35 7.62162 7.65166 7.68174 7.71185 7.74199 7.77217 7.80238 7.83263 7.86291
40 7.66841 7.69724 7.72611 7.75500 7.78393 7.81289 7.84189 7.87091 7.89997
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Table 2 Calculated data for Brillouin scattoring signal power as a function of salinity and temperature

S /1077
0 5 10 15 20 25 30 35 40

T/C
0 1.10597 1.09384 1. 08189 1.07013 1. 05854 1.04712 1. 03588 1.02480 1.01388
5 1. 08969 1.07832 1.06712 1. 05608 1.04519 1.03446 1.02388 1.01345 1.00316
10 1.07781 1.0671 1.05654 1.04613 1.03585 1.02572 1.01572 1. 00585 0.99612
15 1.06970 1.05957 1.04958 1.03972 1.02998 1.02037 1.01088 1.00151 0.99226
20 1.06484 1.05523 1.04574 1.03637 1.02711 1.01796 1.00893 1. 00000 0.99118
25 1.06279 1.05364 1.04460 1.03566 1.02683 1.01810 1.00947 1. 00094 0.99251
30 1.06314 1.05440 1.04577 1.03723 1.02879 1.02044 1.01218 1.00401 0.99593
35 1.06554 1.05719 1.04892 1.04075 1.03266 1.02466 1.01674 1. 00890 1.00114
40 1.06966 1.06166 1.05374 1.04591 1.03815 1.03046 1.02286 1.01533 1.00787
YRR 1R 2 Winf LA Eh B S 2 FAh B m, = 3632.39582224592,

Wik Ve, A BINEBUE S % P ER A m; = — 68. 200658320304,

ALWF R . m, = — 3291. 05190549247,
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m,Vy/P, (7
Hr
m, = 1336. 26853140284,
m, = — 645. 620578275937,

m; = 715. 478779816609,

my = 14.9379243419955,

m; = 984. 655022063827,

ms = 126.807275199784,

m, = — 116.673361554182.
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Fig. 1 (a) Temperature, (b) salinity as the functions of Brillouin frequency shift and Brillouin scattering signal power

in seawater
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Fig. 2 Brillouin frequency shift as the function of (a) temperature, (b) salinity
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Fig. 3 Brillouin scattering signal power as the function of (a) temperature, (b) salinity in seawater
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