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Fig.1 Flow chart for measuring and evaluating acoustic parameters
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Fig.2 Schematic diagram of platform for testing acoustic parameters
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Fig.3 Time domain filtering
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Table 2 Measurement results of acoustic parameters of SES-2000 SBP

- IR R F AR R 25 WP IR EXTREE FA 2 MR 22T 2R Jik K

/dB /dB /dB /kHz /kHz /kHz Jps
1 220.788 1 222.624 4 201.020 6 102.147 1 / 3.493 8 226.5
2 220.790 4 222.601 1 201.224 2 100.340 9 96.192 2 3.578 0 466.5
3 220.786 3 222.733 3 197.043 2 101.879 3 / 7.255 5 120.5
4 220.788 2 222.804 5 201.627 6 105.587 6 98.932 2 7.631 6 251.5
5 220.788 3 222.741 6 202.016 6 105.840 9 98.826 7 7.647 8 374.0
6 220.790 6 222.786 7 201.344 6 106.144 7 98.742 4 7.636 7 505.5
7 220.784 8 222.938 2 194.283 0 101.775 4 / 10.746 3 80.5
8 220.785 6 223.050 4 201.287 1 107.586 8 97.184 1 12.863 9 155.5
9 220.786 2 223.130 0 202.572 5 108.148 7 96.394 1 12.697 9 237.5
10 220.785 7 223.148 7 202.355 7 108.473 3 96.384 1 12.630 5 311.5
11 220.787 4 223.201 3 201.516 3 108.409 1 96.193 9 12.511 6 393.5
12 220.783 5 223.004 1 192.527 3 100.762 9 / 14.031 5 71.5
13 220.784 1 223.237 5 198.696 0 108.063 3 96.385 2 14.114 9 136.0
14 220.784 5 223.353 0 201.583 6 108.759 1 95.613 9 14.222 1 208.5
15 220.786 1 223.303 1 202.008 0 109.077 5 95.527 6 14.374 4 272.5
16 220.786 2 223.289 6 201.536 7 109.261 7 95.299 6 14.361 9 368.8

T /7R LR



124 o R % o R 39 &

4.4.2 WE

K FHBSU 7 U 28 o8 B a0 08 i 0 e 2853 43 B0 s 4T 40 A B AT SR A5 L S PR AR (R X T 2 0 B 3 Ml )2 )
TS SH T AT 538 B o A B2 2% S USCR P A0 3 0 10 Ak 3L SR FURE3R 43 T 4 SR BB 2 S R0 1 A 2 A8 A 52
R 8 (B 4d AL 4D o AR IR A [R] ¥ 2 300 UK 5 S 500 & T S 0 e 0L 3k 2.,
4.4.3 Bk K E

ok o755 — T o A A B S RS MR R 6r -
A A B M R i s 0 S RS A B A AT “
BB bR i B (B 2 B R A K T S AR A
WAV . N & 5 s . SES-2000 SBP () 745 ik i 2f
55 I A8 2 2R A T s n il (el AR 4, B S 31 4y
R AR R AR X B . O T R g — 1 A
W o, TR PR A U W5 5 AR S AT Y -2t
FE AR SR AR EE S R RIRIE AL
B n % (n=10,50 5% 90) I # & A K& 25 38 70 1Y R 45
MK T b MR AR EE SR RIRIE AL et & 4
n U0 I 2 R AR 2 4 ) 6 o O AR 2 43 1 i) R 19 20 21 29 23 21 25

FER S Bk bR BE . A I 25 R AT A n Ry 50 B A t/ms

\ 55 Bl SR A 0
K K R AT I 5 AT R S0 R Mo BhESRER I IE
B A 5 B R A 1.999 5 ms. 2K 5 K 2,393 0 Fig.5 Definition of steady-state part of acoustic pulse

ms, Bk BE R 0.393 5 ms, AKIE AR K G S50
RIS R K R R 2.

5 AT

AR BT Y SES-2000 SBP 5 4FE F-MXet 7 5 9 78 4 b 1 348 o0 “ K F 239 dB”, {H IF A H AR FE B & F2 40
TR ZEE AT AR SCHE A BT B RO L AR BR R IR G AT R R . INER 2 IR 6 & R E R I 0 45 R T
A SE S R IR GOR EIE 5 R TR AR E B R B SR IR AR AR K EUE S R IR R R L 4 223
dBH LEARFR IR RAR L 16 dB; S5 5 H IR GK 2, 5 FME 5 F IR B 22 AR K, 200 221 dB; 200 (5 5 74
TR A/ 29 200 dB, BRI Ceyele) {55 B 75 VR 9% b [R) 40 2 JRL 0345 5 A B 8 O 1K

SES-2000 SBP #4E =0k X 32 45045 4 58 G M il i S K 24 100 kHz” , 76 53 At IR 32 45000 32 AR Bk (R
FoR A SRR EH FEANIZA 2 A KN 25 100 kHz MR35 LU 25951, (B N3 2 & Fh i 00
IS BT, 22 G 5 00 AT 04T A TUNT L A B 2 AN S I AE S A R AT BRI E 1 A4S, SR
KA, WA 7 R R TR AR % R 95~110 kHz, %R 9 2 A 55048 BI7E 100 kHz BP9 41, B35 1Y
25 {15 X8 IO 2 UM 2R N RE HE B W G o AFURE 25 8 K. B A T U X 2 0001 S 4 4 38 k4, 5,6,8,10,12 I 15
kHz, JJ Pl 387, A UG5 LU A 4 I3 (4,8,12 Ml 15 kH2) MBI AT UL, R 2 FIE 8 4% R il Y
IIZE R A5 15 5 19 25 0000 6 55 68 7 1) B AR (B O E R — B0, (BR300 5 I Ak (B A8 T 1 2, B R I 5
FEAE S S LU R0 22 JR 1A 45 08 2 000 % 1) 4l A 11K

G SES-2000 SBP 45 Fi ik & (14 45 5 Dk vh A< BE AR BRAA WL 2 1, R RS2 Jok b1 B AR IR T 8 15 5 1) )
BB S S S A kb B R BRI R . iR 2 AR 9 AR 6 45 0L n] L 7E G5 — (15 5 R A ) U A v
(50Y0) T« 85 5 1 52 DU ok o4 B8 55 BR AR (B BE AR AHAT IR 22 AN K. 4 kHz 19 2 B 5 ok b 4 B2 BE A Bk A 1)
ZEAARTRE A 43 A /1> 23.5 F1 33.5 ps;8 kHz 9 4 F {55 F1 15 kHz 19 5 Fi {5 5 19 Ik oK B2 5 F5 Bk A 0 25 1
/312 kHz 1 5 B E 5 19 kol K B LEARFR A 43 0 i /)N 2.5,11.5,12.5,21.5 Fl 23.5 ps.



13 FEI7HE A5 < )R TSGR AR 2 2 RO AR T B R WE 125

2501

e e

2301

220 O 8o o O0—o— oo a—0—0

7= R%/dB

210F i

200

i

loolkiz , 8KHz |, ,12)Hz T | I5KHz
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

REH S
—o—BERE —o— EHEER 24— ERERER v inRE RR
Pl 6 SR IR 95 AR R 1E A9 H R

Fig.6 Comparison of measured sound source

levels with nominal values

16
14}
12+ }
e |
=210t
{ér ]
K 8r i
H :
6F :
4 !
i, Sz | tpklp | 15kl
12345 67 8 910111213 14 15 16
RIS

B8 2EME 5 Y S A5 2 5 FR FR1E 19 LL AR
Fig.8 Comparison of measured secondary

frequencies with nominal values

Bk i/ us

EIIRE/KHz

1101

105

100

95
1 2 3 4 5 6 7 8 9 101112 13 14 15 16

REG S
—o—EFUFR —o-EFAAR 2 ARFREHTE
B 7 M S B S AR 5 b Bk (L A b

Fig.7 Comparison of measured primary frequencies

with nominal values

200} !
100} !
olkHz, 8KHz |, 12z , |,  15kHz
1 23456 78 91011121314 15 16
REG5 5

—o—fk R E —oARfRBk K E
L9 S bk b BE 5 AR AR 1B 1Y LL A
Fig.9 Comparison of measured pulse lengths

with nominal values

A Ao X 73 BT P R AR A K R BE = A P 2 B RO SNBSS B R K B, SES-2000 SBP #4E Fiit
H RUA Ikt B2 45 H B8 R L M ) 8L T L R 2% B (L T P 9 2 A R AN S 2 55 P A B, e
JE AR T4 B R R B R UE L 5 IS A AT . DR 7 S e b 2 ) TS A ) A v A
By JS7 X6 R W 14 A 35 32 A3 A 00 L2 BB A0 i ) 2 R A RE S MUV I AR T (EL



126 o R % o R 39 &

6 %5 B
b A 0 1 75 2 2 0 A O % 2 52 B M 2 ) T SR 0 5 R O 4 — 45, AR SC L SES-2000 SBP
S )bl UG AR oK A T S, B R T I 2 BT 7 2 2 KA W £ 5
YT R . TR AR « r O KM R R B K U B T e I A ) 1 A N 5 7 4 2
RT3 4 5 7425 5 MO i 0 085 05 D0 B R £ 8 D A B 2 5 o 5 DO SR 0 £
B VA D 43 P4 25 T S T 56 S0 8 5 4 10 9 A 0 A A 2 S R R S R
ABFIE & B SES-2000 SBP X285 M T 44 th (19 75 25 41 g 5 MO R J2 W 0 0 B0 7 U B 5 4. #e
A28 % B4 0 125 2 BN 2 00 5 2500 5 L T 40 A0 S0 5 7 D L 035 5 7 U R 2 000435 5 7 O
G AR YR B A5 3 R S 1 7 DR R BT BRI B0 R S R R A 2 A SRR 1 A0 B
RO AR IS S a0 A J A3 1 A4, HSZE A 95~110 kHz, 5F-FRE 100 kHz ASFEF 5 5200 A9 22 45
T 315 56 7 B AT R R — B AR BT o 0 T W 4 1 A 807 2 T 18 4% 1252 9 52 000 ik
KR SARRR A AIAE R 22 AR K, ST 5 2 L k36 T 9 SES-2000 SBP 1 74 Y6 % . 51 5 il Jok o 4 5 19
R 05 A2 90 1 S T R A S 25 %0 0 B8 0 % T JF A 2 700 4 0 5 W il 2 e DA OB 76 52 4
i 2 30 AL P 5 TR e X 7 A 80T 9 0 G A BB AR R 5 M o e

S % 3Lk (References) :

[1] JIN X L. The development of technique of marine geophysics[ J]. Journal of East China Institute of Technology, 2004, 27(1): 6-13. 4%
Je. TR ER Y B R A R SR ]. ZRAR BT R A2 24 CAARBHARD » 2004, 27(1): 6-13.
[2] BULL J, GUTOWSKI M, DIX J, et al. 3D chirp sub-bottom imaging system: design and first 3D volume[ C] // Underwater Acoustic
Measurements: Technologies & Results, 2005: 1-6.
[3] VARDY M E, DIX ] K, HENSTOCK T J, et al. Decimeter-resolution 3D seismic volume in shallow water: a case study in small-object
detection[ J]. Geophysics, 2008, 73(2): 33-40.
[4] WANG F Q, ZHOU X H, DING J S, et al. Acoustic parameter test and detection performance evaluation methods of sub-bottom profiler
and side-scan sonar[J]. Advances in Marine Science, 2017, 35(4): 559-567. T 5 iff, JAX44E, T 4k, 45, vty )= 3 i (50 45 7 ny 4%
ARG VPN 7 R AEL) ] Rl BE R, 2017, 35(4): 559-567.
[5] ZHAO T H. Submarine high-resolution acoustic detection and the application[ D]. Qingdao: Ocean University of China, 2011, #X4#kFE. ¥
IS R 43 B SR A I B I CD]. 5 & . B R4, 2011,
[6] National Standardization Technical Committee on Acoustics. Acoustics: free-field calibration method of under water acoustic transducer:
GB/T 3223—1994[S]. Beijing: China Standards Press, 1994, 4 [E 22 brifi (bR Z 51 25, 2%, KA A h ey, GB/T
3223—1994[ST. dbxt: A [EARME H RAL . 1994,
[7] National Standardization Technical Committee on Acoustics. Acoustics: measurement of underwater sound transducers: GB/T 7965—
2002[S]. Beijing: China Standards Press. @ [E 2R Z B &, 752 AGHBEAR I . GB/T 7965—2002[S]. dbst: b [ 4R
th A, 2002.
[8] WANG F Q, DONG L F, DING J S, et al. An experiment of the actual vertical resolution of the sub-bottom profiler in an anechoic tank
[J]. Archives of Acoustics, 2019, 44(1): 185-194.
[9] WANG Q. LIU Y C, BAO J Y. An analysis of vertical resolving power for subbottom profiler[J]. Marine Science, 2003, 27(1): 77-80.
EBE, XA, B FH. R B 4 ) A )], MEEREE, 2003, 27(1): 77-80.
[10] WANG F Q. The research of the application and data interpretation of sub-bottom profiler[D]. Qingdao: The First Institute of Oceanog-
raphy, SOA, 2010. EJ7HE. ¥t J2 &0 110 B BCBERHR R 9E D). H & . B S0 RS — 5T, 2010.

[11] LIXR.LIY Q, ZHANG S. The LabView implement of synchronization overlapping average algorithm to suppress noise[ J ]. Journal of
North China Electric Power University, 2009, 36(4) . 73-76. 2= 2%, 2Rk (i, kM. [ & 045 580k 30 il 5 19 Labview SEBELLT].
AL J1 R 2R, 2009, 36(4): 73-76.

[12] National Standardization Technical Committee on Acoustics. Preferred frequencies for the acoustic measurement: GB 3240—1982[S].



1 4] FEI7HE A5 < )R TSGR AR 2 2 RO AR T B R WE 127

Beijing: China Standards Press. 2 E 2= br b $8 R % 51 &, F 2 &= b (0% A3 . GB 3240—1982[ ST, db 5. [ br #E 5 iR
. 1982,

[13] LIUBS, LEI] Y. Underwater acoustics principlel M]. Harbin: Harbin Engineering University Press, 1993. X k. 5 508, /K 7 2 5
LM, MG RV . MR TR R4t ARt . 1993,

[14] ZHEN SJ. YUAN W J, MIU R X, et al. Underwater acoustic measurement technology[ M. Harbin: Harbin Engineering University
Press, 1995, MHA%, ® 0K, B, & KE TR ARIM]. BIRE. WBRETRRSEHR, 1995,

[15] LIUYC, YANGFL, LI Q Q. et al. A method for detecting acoustical index of single-beam echosounders[J]. Hydrographic Surveying
and Charting, 2015, 35(6): 69-72. M LU, BHAUAR, 26 Mh, 45, Bl ol DN R 3075 4 4 A i A I 7 3 [ ). W v 25, 2015, 35(6) .
69-72.

Research on Measurement Technique of Acoustic Parameters
of Sub-bottom Profiler

WANG Fang-qi', ZHOU Xing-hua'?, LIN Xu-bo', TAO Chang-fei',
CUI Li', DING Ji-sheng', LIANG Guan-hui', DONG Li-feng'
( 1. First Institute of Oceanography~ MNR . Qingdao 266061, Chinaj
2. College of Ocean Science and Engineering ,» Shandong University of Science and
Technology,» Qingdao 266590, China )

Abstract; Based on a test for measuring acoustic parameters of a parametric sub-bottom profiler (SBP) in
an anechoic tank and subsequent data processing and analysis, this study presented a complete exploratory
solution for the measurement and evaluation of key acoustic parameters of SBP. The scheme mainly includ-
ed four parts, 1) Construction of the measurement platform, which includes briefly describing main
components of the platform and putting forward basic technical requirements for the construction of the
anechoic tank; 2) Measurement of acoustic parameters, providing methods and operating points of the
measurement of the sound source level, frequency and pulse length; 3) Data processing and analysis,
which includes discussions on purposes and methods of data preprocessing and providing main formulas
and methods for calculating acoustic parameters; 4) Conformity analysis, which analyzes the conformities
and deviations between measured and nominal values of acoustic parameters. We suggested that the nomi-
nal values of acoustic parameters of SBP used in this test were only reference values or theoretical values.
Therefore, it is important to carry out the mandatory first measurement for newly purchased instrument to
obtain the initial values of the parameters.
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