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Abstract An underwater pulsed-laser-sound-signal detection technique is introduced by combining the frequency-
domain characteristics of the laser acoustic signal. The different attenuation characteristics of the laser acoustic
signal at different frequencies are analyzed. To ameliorate the serious attenuation of high frequency components at
long distances, a pre-compensation filter is added to the front end of the frequency-domain energy detector; the

results of Monto-Carlo simulation show that the frequency domain energy detector with pre-compensation filter can

effectively improve the detection performance of laser acoustic signal at a long distance.

Key words
communication
OCIS codes 070.1060; 070.4790; 070.7345

1 51 7

AT AR R VR (14 A3 7 A A E L KR A AR Y
PR PRI A AR DL K s et KR H AR B0 A R
PR By 5 i TR U A AT e AR 2 — . WOBTE
(GNP S ZY & i (R IP L k=2 $i
WA B ESROM B w0 SR BE I K
TR IR IS i TROBTE K & A
5i SN ek, ML A O Ik R D AR M B R IR
PO RN A RO B B ) 47 A
BT 2 DK I R R EE A A, R KT A AR A 3
R R LA GO 5 7 B A P A5 AR K T 38 2 i A

laser-sound; signal detection; energy-detection in frequency-domain;

underwater acoustic

PR A5 SRR AT LI B

PO I BT 5T N B T8 R AT L Ol P AR N
(1 & AR AT LB W 3 19 tHhad 80 4RAR . BEF HOE
ORI S & L e 75 B AR SC BT 58 T fh i 2h A Jg L 20 it
2 60 AL, £ B %K White #1758 Bk Bl 2% %
Prokhorov 73 il & B 5 O Dk i m] LUTE ¥k 45 09 W1
A BT P 3 S O P RN A R Y . 1996 4R R
WS TE S S A BOC R LA E 25 TR T
n e B O ' IR AR 7 AR AT DX D Bk e RO
PRI T 6 AE S8 Bk E T 0.1 MPa B9 4%,
Bl 25 B AR B AN W K L 25 [ B 2 2 T i A TR0 A
{55 AT AR I, T T L i 5T, Hep B AU

B HEI: 2018-11-28; €@ B HI: 2019-01-07; REABHI: 2019-01-23

" E-mail: wwang(@ gnlm.ac

0701008-1



th i

i ot

M) RAR P Wi A58 T Egerev #0420 HE %
FE PR IO UE TR OGS 15 5 A VR AR VIR H
B AT A B T AT 1 L S R R e ' ik o A
2R D™ A I 7 IR S B K RV R A% Y T R A
M. BE4k, Blackman 285278 25 9 F) FH W 6 00 37 /9 3
J R £ L S B Ak =X KR H AR AR

BRI 7 D 3 1R B2 0 FH TV R N 5
AR L AE AT IR T B AR SRR RO EUR R HLEE L IF
ST I R4 AR L S L, [N AR A 58 2 3 R T
THEIE . T O AR g E B A &
7 A e i e D R RS AR S R U, AR R R
JL I 5B RT DK o0 Ry SO B AR K B R 1
W RO 23 15 K 51 R Y 7R I, T R R O B
FAE S FEXEOEEE 55 0 AR ML M R
PE I S5 B2 52560 B % L Blackmon 2851 % 3%
S ZERON T PR A 5 IR RO R R AR R AT T
BT, IF % T ROCBUS F 5 Ml AE # 17 TIR AR
GURHRZE . LA & a8 Tt = 5ok S
FRPEZ RN 6 R . % OGBS GO i 7K R 8
PEREEAT T HF9Y . EREF Y M HOLE S E S
RS SERRAE AT T 43 0T IF LLBOR BN (5 5 1E v iE
fEEIEAT T2, XBBSE S WOk 805 5 5 =
AEWHEAT T RG340 01 T O Ik o 42 A 5
M RE R . RN TR SR K R R IR O A
(75 A5 5 HL A Dk o 28 B3 e L 7R R 2 e L RS O A
SYPERE TR O 55 AR B 00 A 0T L kA R
ST A SO A S KT 8 SR A LR T A 4
BRERAT B K L .

ik O 7 7 A T D R AR L ok b R 2 B
V] J6, JIT 7 2 1 75 5 AR e 0 o A5 5 s A0 3l 174 42 1
PEARGR . 76K 5 MK b OGS E AT K R B AR
BF 3 E R R kS AR 4R COOKD | Ik IR 45
(ASK) i B8 B4 (FSKO 45 18 il 5 3 3K 3 5
AL X F LA 2 AR T T R I e
A B G 2R L AR R O ko B
FR G T 7532 A 4 DG JRC 908 08 AR | R o A I AR I B
SRR AR R ICAL L AR v DG I O R T
PEATAGE S5 00 & SIS B A7 (5 5 m B B A%
il A5 1T KR {5 T A [R) A 3645 5 1 o 0 A5 15
SR BE & A A AR, S BOUC fC 8 U A Y D R
B . A0 PRSP R R IE B8 AR 5 258 e o B2 1 Pl
AR (FET) 8 5, S0 &2 4= B et . i
A ok R 00 B39 S A o T IR 7R T R N R A
W7 1 22— R P UOETE 5 5 AT SO S E 5 1

Jok b4 S N ] SR R AR R B FRT 5300k 52 3
AR RE et A 0 48 0 B3 /DN Lo SRR P 3 T bk i
D e EREAIUE Tl I I

VSR EREPS ENTIETE S EREAIE- 3 ¥ 5 c R N TIPS
ok Z8 BOR B AR 7 O3 JBCE LG L P AR 5 40 5
o 7 T R R BB L OGS 1R S rh o
o RAEm WAL 8w e LT TR 2Z ELA ThF X
FL IR IS EIN . [E I O R A S R
AR GE B RE AR AE P, AR T O
FRAL Y — W FEN . WOBEUE AR S 1Y X SRR Sk
A T X AN () A5 8 A H A P ) S W S A5 AIBR B
R ) 28 75 A 45 M 1L (SNR) 4% 1 T 109 46 I 158 % % T
s PERE T R

[l A AR X0 B 15 5 i F 9T 32 25 TO
BURAE T BB AL R O ) AR AR 1 U Y N
FHAE T OGSO 5 5 78 K 75 15 38 v i 1L 46 X AR
SRR A . A SR BOLBGS E 5 1k
FIE s B2 ) — ol B 00 AL T 1) SO BOS [ 5 K
D7 1% FF 45 G /K 75 15 T8 B RF AL 70450 1l e o A6 2%
ZHTER T A DR B R AT R S T RGN
PERE .
2 KO E AL R o A

R AE i PO K A 7K = A P A I R A B
A BT PURZ KAL) P AR BIL R A AL . AR R
AE HH IO Dk b B0 o B rp L IR AR LR A 2 AL
7 AL L 3 32 R O A X PR AILE R O e
EALSCR B Y, B YA A AN TR B AR
PLEE, 72 RS BRI iR o0 T L 45 1 17 AN TR
Y I AR 5 R IR TE AL
2.1 BEMHARUNEBEESREREX

Xof T ok O S B R AR LR AR Y R
NI QU LN R SR = D) QUIB I NSV
JEE UL B L I )RR G, Rk

a’cosOP,t
nwre (2 + 72 sin®0 + 4br)? ’
d —(t —7r/c)?
QL‘EXp[r2 + 7% sin®0 —0—4br} '

o0 R WM 55 T kLR 2 (6] B e £ ROR
WL 55355 3806 1 3 K TR W) 4R 22 18] A RS 5
NS sa 9 O0E R BEEAR s 7 A BEOLIK M SERE 5 ¢
IR E s B R o =a /e 50 KA BRI IR
B.b=6Xx10"" s"/em; Py AR ISR A BT
T W (R g s A B0 5 0h

P@,r,t)=

Q)

0701008-2



i E W e
P,=0.6 X 1%, (2) AP T ERES

Horp Ty o bk e 2h A2 5% 1
4 dbr>7t ol sin®0 I FUEEIREOE A 1
TR A D GE S GBS 1 B 3 2 58 T 20
a’cosOP,t 9 —(t—r/c)f
P,r.t) :rnbi@r)“c aexp[illbr ] o
(3)
BWOCEE T 5 W BB SO 56 145035 AT LGl o e
T8 B OE R  J7 2O E AR OB IR VO
RAEFESHORER S . 2 HOG K ki 8 5 5
JE A B LA S 2 A R By Blackmon 485 285
KA LI B A, I RGA =0

P<z>=Pmexp(—ﬂum+

t — Ty,
ZPlﬁjexp(_ 2 B]Ju(t_Tls,')e (4)
J Bj

AP P R WOL % B T MOS B TR 52 RO
POCAE B T R PR B T IR B v () RO B BR BR
B0 Py RN WOEAS WA YRI5 S 7 904 1 0
P s A RN OE 2 WO AR ORI I 48 S 75 A9 o
WK Ty AR OB A B 1 IR RO 2 158 5
YK At I N8 55 P D5 ) e ] ] B

Xif (40 FBEAT (5 B AR 48, ] LA B HOE S (55
F T AT 7 D

(P |=
P A 2 PBMB]'
1+j2nfa 1420 fAy

J

eXp(*]ZTffTBj) ’

5
A RoRBBCRAL; £ RN FTER, B f =
n/ T s PRBURAR B K AE s T 78 WO 1 35 EE
ST Y AT DA 5 B A B S A U A AR RE A

2.2 KEIREHEE R

P AT S AR KA BT P AL A ) L P BE 8 W i
S IRE L B WA g W WA 2R i K 4 L TR
JEVHE T I 0 A R R A% 1 O O R, SEBR
A H SR A Francaais-Garriso 456 23 R 35 7 R
WeR B R ICR Bk T R BTk L R BE DT A

4li 7K STk 2z A, Bl
AIPIfVIfZ A2P2f2fV2 "9
- p p p A3P3 27 (6)
rorn ey A

Ko N AR B AR dB/ kems f g 7 B
AN kHz,
PR T K E F) 28 8

- 8.86

Al — >< 100.78pH75

P, =1 ’
f1=2.8(S/35)"510% 125/ D
Krf.pH KGR pH A T K 08I /R SCIR
JE 5 S Syt K v A A Al AR S T K BT & 2 (BLR
fRIFRERE”) . Ml c=1412+3.21 X T +1.19 X
S+0.0167 X D A3 8] 75 3, AR m/s, Horfr,
T FRBERIE CCH) D FRHEE(m),
i 1 B o Wik X 7 A R A

D)

A, =21.44 X S X (140.26 X T¢)
c

P,=1—1.37X10"'D +6.2 X 107°D*, (8)
. 8.17 X 1051990/ Tx

S =1 0.0018(S — 35)

KT BAMIZFERIE (K, T=273 C+Tcs
afi 7K BT kX B 1 R B

Ay =4.937 X 10" =259 X 10° T4+ 9.11 X 107 T —1.50 X 10°°T¢,Te < 20 °C
Ay, =3.964 X 107" —1.146 X 10" T¢ +1.45 X 1077 T¢ — 6.5 X 107 T¢, Te > 20 C, D)

P, =1—3.83X10°D +4.9 X 10 " D*

3 Wk EAE S 0 BT
3.1 HABRHEESREZIWIZIT

WOtk s (5 5 = A MRS R m I 1
. SCECRFHE Q Nd: YAG K vp ot 28 77 A= 0k
FAFIRAR 5 SR OB T K S 1064 nm, ki
FERER 68 ns, A M E K 110 Hz, BOLLRER
B e, 28 ME TR, T N 0E Y BOE AT

M e Ja Zead AR 25 A Bk ™ B B R AR . SRR T
AR WO T A OGRS L K T g B S PR R
W B A 1 Hz ~ 250 kHz, 208 R B E K
—218 dB(1 V/pPa) . L H R HAE 5 REMEH
AT BB A R RSl 500 kHz,
3.2 HOtBkMEESRHES N

TE R BE B O E0S R ol 22 AR A BL I
A s S AT RURSE (1) ~ (O XX Ot S 5

0701008-3



th i

i ot

mirror optics signal anslysis

high-energy|
laser
optic block

air

\y/ Iwater
signal of laser-generated

sound hydeophon

trough

BLL OGRS A5 7 A R B2 92 o 26 ]
Fig. 1 Experimental setup diagram of generation and

collection of laser acoustic signal
K AR A 59O R PO E AT 05 L SR R rh

8 (@) —spot diameter 1 mm

6 = = spot diameter 1.25 mm
------- spot diameter 2 mm

4 =-=-spot diameter 3 mm

2

0

Amplitude /10-*

22 -1 0 1 2
Time /us

2 ANRBOCAOERETE AT B9 w1 .

Q Nd: YAG Jk b 30t & 9 3 < L 552 8 39 [# 52, [
IR GG SCRRL 16 1A 23 A 45 58 L O &7 R A A9 L BE 1w
B ok i 58 2 0P BOCBOS (5 5 IR B . (R
2 B AL L SR O A% B0 BE T AR 75 31 59 155 I
WP WA 2 s R O & K o 15 B 85 =
IRp 33 I AN 18] 3 BT

M 2 FIE 3 7] LAE < 0L A 5 5 1Y I 0K
I JEE I A D' A T AR 4 39 R 2 i A B[R] I S
P I LA /S 5 A0 I e B R 15 5 B AR A L v it
ARIRITT 10 82 3, 25 WO ik v 5 B I AE — 2
FEL N A5 5 BB AR O 2538 31— 5 A Bk i o 38
Gt AR S PIEA T A A

0.8 (b) —spot diameter 1 mm
= = spot diameter 1.25 mm
=spot diameter 2 mm
2 0.6 =-=-spot diameter 3 mm
s O
=
_g
204
:i
5 0.2
0
-500 0 500 1000 1500 2000 2500

Frequency /kHz
Ca) I 30 0B & 5 (o) 330 sl I 1

Fig. 2 Time-domain and frequency-domain waveforms under different spot diameters.

(a) Time-domain waveform; (b) frequency-domain waveform
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Fig. 3 Time-domain and frequency-domain waveforms under different laser pulse widths.

(a) Time-domain waveform; (b) frequency-domain waveform
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Fig. 4 Time-domain waveform and power spectrum of laser-sound at different time.

(a) Time-domain waveform; (b) power spectrum
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Table 1 Statistical results of signal power under different time

No. of frequency band

Power percentage /%

901 ms 1901 ms 2901 ms
Frequency band 1 (0-50 kHz) 12.26 12.02 11.96
Frequency band 2 (50-100 kHz) 77.01 73.53 73.02
Frequency band 3 (100-150 kHz) 9.79 13.29 13.61
Total power percentage 99.06 98.84 98.59
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Table 2 Statistical results of laser-sound signal power with different laser powers

No. of frequency band

Power percentage /%

50 m] 100 m] 120 m] 180 m] 320 m]
Frequency band 1 (0-50 kHz) 10.41 10.68 10.42 8.85 8.44
Frequency band 2 (50-100 kHz) 85.06 84.97 85.29 87.17 86.69
Frequency band 3 (100-150 kHz) 4.29 3.92 3.97 3.70 4.62
Total power percentage 99.76 99.57 99.68 99.72 99.75
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Fig. 5 Power spectrum of laser-sound signal

with different laser energies
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(a) Sound velocity gradient generated by HM2000 0370 ARGO buoy; (b) three-dimensional propagation loss of laser-sound signal
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