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Fast and precise measurement method of sound velocity in seawater

QIAO Chunjie, WANG Yueke, HUANG Zhigang

(College of Mechatronics Engineering and Automation, National University of Defense Technology, Changsha 410073, China)

Abstract; The velocity of sound is one of the important acoustic parameters in ocean. For realizing rapid and high-precision measurements of

seawater sound velocity, a sound velocity measurement method whose system architecture is simple was adopted. The measurements of sound

propagation time and velocity value were achieved by continuous wave signal’ s parameter estimation method. A pseudo-random sequence was

introduced to modulate and handle continuous waves, which overcame the cycle ambiguities and echo interference problems of single-frequency

signal in measurement. A sound velocity measurement platform was built to conduct system calibration and measurement experiment. Experiment

results show that this method has high accuracy and fast response and is suitable for ocean sound velocity profile measurement on subaqueous mobile

platform.

Key words: sound velocity; sound propagation time; echo interference; pseudo-random sequence; uncertainty; system calibration
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Fig.1 Principle of sound speed measurements

using continuous wave
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Fig.2  Schematic of the multiple reflections
XTI AT A R RO T, 3%
USERELIE VR

y(t) = GAcos(Qt — ) + Z{ G Acos(0t — ;)

(7)
KK FIR RS G b~ (20 +1)  FoREE 1 IR
[l 3 B AR
Wit T e Y i K, [T 5 T8 K
KSR ALK 1 i = 1 R A
y(t) =GAcos(£2yt — ) + G, Acos(Qyt — ;)

(8)
WGBS o AOAR LA i 22 e LR -
. k,sin(2¢)
d —gozarctan[l +k,cos(2¢) ©)

2o, b, WAL 1K [ g B R T R A B
y (O MR B B ALk, = 6,/6, 3(9) 3
W, B B AR 32 3 1 [ TR A B, S
S 5 A T kA 735 20 92 ML, 7™ 7 5 0 £
FE L R TV, FE K, =0.1,D =0.2m
Fi, [ 35 o 2 S 2 S5 14 5% o) Jgk T LA ik )
+0.18m/s,

2 RAMEIESERNEENETE

2.1 JHIE

PhBERLAD T R A A PERE A 5) S AR A
MAE] T Z MR o P BERLIT 51 A AR
(9 F A SRS {8 22 O RE AL 51030 o P 203115
SRR IS S, T LU i R IE 5 A O
W (4 {7 B0 RG0) £5 E 380 30k ki), 32 B i) W) PR B
FHOLEEMIA 2R o A, i & PEE P DD BE ALY
R R SERE , (o BLIR AR 5 [l A 5 B ik 4
WeHg BE i (4 IR ] 18] B KT 1 A5 A, ] LA 2
] 1190 5 o B PAR AL TR



- 164 - EZ VIS AN 4

537 &

2.2 AR BB RRR T A

ATy A T DA BE LY 51 e KA B 2t 7
BLAAEa T A (m FF3) 8 m(e) R S$HE 5
CIEZ P

x(t) =m(t)Acos(LQt) (10)

AN JEMEFE 5 R S O, 20 7, I IER
J& L HRE 5 TR

y(t) =GA - m(t—-7,)cos[ O (t~-7,)] (11)

ISR A (0 HAH DG R EICH -

R, (r) = LGER,(r =7 ) cos 0,(7=7,)]

(12)
KR, () FoRPABENLFH ) A AH G R gL, R
kA h
1-N;1~£‘ Ir|<T,
R, (1) = | (13)

- |7|=T,

N

2Ny m FAE K, TR R 56 % . TR B
BOYHEAY r =7, B, R, (1) SR KME. R
Z R, () WU S RAB B X 7 A BE 220 B2 7, 1 £
THE 7,0 WGEF 7, BT SORT RE A SRAE IR , B Heh
SRR I S A A NS AR . A R ) B X
Bl S AT U R UL 5 R SR R AR
OSSR R BRI 5 R AR LA T DT %, S5
7, AHGS A, BIVRT A5 380 50 o A ) S B0 it 2
AT S AER 0 7 I 2 R . gt PABEL T 5
PEH RS S FE S BRI, 2 LR
TR R e o RO )
2.3 ZREKTFHE S

Wit RESEIT, AT LK LR 5 R 2]
I E) 5 BAAE S I Bak I [A] 2 224 e 1AM
A, DT AT LASRE B 10130 55 %) 15 055 FH SR 0
(OACRIEE=aEE Al P N TR N EREP O NE BN R
BRI 5 Y 520

R SR AR BB AR 5 W6 25 B i R AR AF 5,
P A LF REAE A AW ] 1 T A5 RAE(8)
B A5 5 S ], A7 A 81 T30 B Bl £ 5 7T
N
y(t) =GA - m(t —71,)cos[ £ (t-7,) ] +

G A -m(t—71,")cos[ O (t-7,")] (14)

FIFHAHDCAGIN , AT LAAG 3] P 1 496 i [1] 1 ) 25
AR 7, T2 R PER NN, 7, 5 H
SERYFEAERRINTA] 7, AETE 1 A SRAE ]G LA Y f
2o R FIEMM m, (1) =m (1 -7,) I
Fea AR, =0 (14) 28y

y, (t) =GA » m(t —7,)m(t =7, )cos[ £ (t -
)] +GA -m(i-7,)m(t-7,) -
cos[ O (t-7,") ] (15)
HF 1,5 7, REEE, X (15) T LAtk — 4
fai A -
i (t) =GAcos[ Oy (t —7,) ] +
GA-m(t-7,")m(t—7y,)cos[ L (t -
7' ] (16)
A LS o ] A R IS 15 A 43 B S 4R
BARDL I, QKL 3 FioR , Sk i), Bk E
SR N BT , TS5 W00 ) WL A3 R A
S BT TN AR T R AR S A TS AR

KA T MRS {55, Vo LE I i i 2 A B 5 5
R I A L.
R ERfE50E X 10* Hik(5 SR 0AS
0! fo 0 fO
PSSR Vidieaey 3 D ETi0 R
200 BT A5 54 100 BT AE 5 AR DA
0! fo 0! fo

At RE(E SIS §< 10 R A15 TR RS
. .Mmf\w‘ 1
0 0

IA A
B3 R (S R

Fig.3  Comparison between modulated and

demodulated signal spectrum

WO, B 5 A ALk T 25 2R 52 Bl 5 5

AR AN (17) B

. k,sin(2¢)

b, —qb:arctan[m (17)
HT k, <1,N>1, EER(17) 55K09) S RADhEE
WU SR IS B0 3% 22 £ 5 IR AT P Sl ) o, [
SEAIE TAOLAG T 22 B RS/, 1015 T 400
I 45 A R A5 24 35

3 FENERBRSSHN

3.1 FEMNERZHEE

ARSCAE B P R R R G AN A 4
— A [T R 22 2 AP A RE e L A R K R R A
A FONZE K o AR5 AL AL 1
RS QR REAR Fe ol 75 15 5 K R T
PR RERRA IR 1 P 5 S e o i A5 5,
{5 S VA B IO 0 I 75 3 U f 5 SRR I



56 ]

TROCHE , 5 1K 7 e MO AR L 7 165 -

B, BRI T AL S A5 2 R 255

TR TR 2 £ 5 SR TS I N =31 45 A
A 10kbps (4 m 7 X548k 1MHz 4 BT
BLAE S AT S W k20 0.1, R4
A1) AT AR 3 by (] 382 51 A A 288 FH A7 Al 31
ZRRMEAN 3.2 x 107 (JREE) . Beif X T
IMHz (1% 50 28 7 SiE ik 0 6 ff 22 24 9 0. OSns, R
P (1) n] 45 X A ) S 45 2R A 52 i
Lmm/s , & W [B] 367 4008 75 00 S 45 28 1) 52 1 45
BT AR

_ ot T8 | | PR
e ik i

TR > fiRiE

B4 P e R G2 H 1A
Fig.4  Architecture diagram of sound-speed

7y
Q
/3\
5=

measurement system
3.2 RogRH#E

TEFT A B rp AR RREE S D R GERE AT T
SRS IR AN o X SRR MEE &
SR AR 7 I L R b ORAIE HAE R, 8 28
o RGuRHE g O AR L SR Ay R R 0
R4 ) 2 1R 7 BRI E , 1) P P T 15 3 ) R
R F HORAT B R R P A, S R G
T Pl RE T AORS RE O 0. 01°C R FH B B A5
HARFEA U Del Grosso 430",

A% PRI IR 5 R GEREAE IS A B, A
TG A 5 RE SR KRR T LR N -

T=C(DT) +7, (18)

K, C(T) e — R EAME XN A3, 7
3 A 0 A B () P AL AR IR 7, A RS AERT
DL 7 ASTERE RSN N ) ZERH A THES RAE b 7 19
W Y, Y =7, 7y, 7 ] 5B D7, AUREE
SR X, X =[D,7,]" ;% Del Grosso A3{
TR EAE C(T) VR 75 SO IR, I 2 7 WL
DA RE H NS EO0T R 2R 8
Y = HX (19)
X H=[c" Tie;" 150t 107
KR /D 3k W RS SEIR LS SRR -
X,=[D,7]1"=(H'H)'HY (20)

549 T VR RS R LS D, 7
ERAEIE, TR (21) 30(22) FHE

N
i=1

w(D) = [z (gCDi)zuz(Ci) + i (%P)ZUZ(TI.)+

i=1 T;

aD

o (Cutr)] (1)

2

ab
aC,

u(r,) = [,zj; (I;E)zuz(Ci) + ;:‘1 (z:i)Quz(Ti)+

2y g—a%um)u(ri)]z (22)
oo, u(C,) FOREH G AN E B, IR BE T,
AN AN B LA B A TR AR B AN
FEL AN, Hat = (23) i :

o[

L
2

.u(TI-))2+0.0152]

(23)
MG R , 153 2 RES LB HESS R )
HAHE IR 1 PR,

Rl RESURELER

Tab.1 Results of systematic calibration

7,/ S D/m
TSGR 9.018 9 0.185 221
AT R B 0.004 5 0.000 007

3.3 AERESEFEENSEIAE

F 2 G0 45 1 2 B0 % SiE B i) i 465 SR, e et
o (24) wrT DASEE RS A

D
T —Ts

7 SN 1A E A TS A A AN E B R

M, Ha A an=0(25) s
_[({9C\* > aC\* »

u(C) = [(—) u (D) + (E) w(r) +

C=

(24)

aD
aC\* 2 ac o T
(57) wn) + 200, 35 o u(Dhu(r)]

(25)
K, D FORIEL KL 7 FOoR ARG E], 7, 3R
RBEIE i, W D 5 7, FIHIERAL. RGAE
S 13 AN EE T R T 1A I R, TR
) Ay P ) 2 2R S HOAN I S B, AR 2 PR
K S JETEARRIR AT, 015 2 /Y r (e S
Del Grosso 2\ 245 7 3 i i 25 16 O



- 166 - B BE K 2= 2 i

K2 FENELSRRETHEE

Tab.2 Resulis of sound-speed and their uncertainty
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