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Experimental Study on Source Level Estimation Techniques of
Underwater Sound Source in Reverberant Water Tank
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ABSTRACT: The acoustic power is used as a primary index characterizing underwater sound sources and could be defined by its source level. The
source level has been assessed using various experimental techniques such as the reverberation time method and reverberant tank plot method. While
the reverberation time method requires reverberation time data extracted in a preliminary experiment in a reverberant water tank, the reverberant tank
plot method only needs acoustic pressure data directly obtained at the reverberation water tank. In this research, these experimental techniques were
studied in comparative experiments to estimate the source levels of underwater sources in a reverberant water tank. This paper summarizes the basic
theories and procedures of these experimental techniques and presents the experimental results for an underwater source in a long cuboid water tank

using each technique, along with a discussion.

1. M =

<% 99](Acoustic power)i= AT 22 5 U (Underwater
sound source)®] £43& YEINE =8 A Eo]THRobinson et al.,
2014). FEadY S E FHoY vigH, WY 5 4
Aol gl AH27=7(Free acoustic field condition) 3ol A]
S5k Ao 7P o Aol ARE, Hl g0y 7]&F SRolA
Tdo| o A9rt Bk tijteEH, F-aFFZE(Anechoic
water tank) =5 FE4F(Reverberant water tank)S 83 &
Fuke] 27 IME0] A8 Aok FEFxAME S
Bk opu2}t A ¥d(Directivity) Z740] golatthe A5 oy
g A - 8o vlgo] dsE DHE Utk o|d Tz
of mlsl MAx P 8o] AT ¥Frxrt H8FHoE Hol

ezl 28 g HReverberant space)oll A2 &2
A7 o 2= 21 (Direct method)™ Y] 1 %H(Comparison
method)©] ATHISO, 2010). LYo 4, S4E T4
o] o 2HE SFHYE A AHHskE e, vl

WL 7]ES-Y(Reference sound source)S Al W Wz
of FHEE 54T VA FEUE AFAE w dFrx
of FAEE 5o vIEFE vR9 FEsde] SFIE

FEFrzoAY 75 5 dHd 4 A& JHsd A
HiHo 2= Z3FAZPH(Reverberation time method)3 ZHek4=
Z=H(Reverberant tank plot method)®] AT} ZFEFAIZFHL ek
T2 JFANTE o] &3l SdHE-E AAskE 7Y Bsty
o] A= 7I*HoltKCochard et al., 2000; Li et al., 2014; Takahashi
et al, 1986) ©] Wl 3| &= FH4kSAH(Diffused acoustic
filed) 545 Hoof 3, JFAIRE S 2k dnAFol
T7En JaE, A AL APFAH]I S (Linear sweep
signal), 215FAM] & (Logarithmic sweep signal), #2121 &(White
signal)s TS S9-E& ©]83HK(Kang and Jung, 2018). ¥HH,
el ZFAIRE dlojE glo] 4k A of R

Aol £ W Y sddEs AR e AF
71} o] ™ (Hazelwood and Robinson, 2007; Kim et al., 2017), F4=
Hog 1 AFNE &8 T T F5E, AT F9
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2. 8iZ O|E

Sd#8¥(Source leve)Z FEHEH,
o] Sy A (1)F o] AP tKKinsler et

)

A7|A, SLE FEeYe 2YEEdB re. 1 #Pam)olH, s=
<+ E8(p - r, Pam), p= IFHSZANAL SUPa), r& &
F 4 (Acoustic cente)ZFE F21717k412] AEl(m), r,

2b2y Z712AE(1m)et 712541 «Pa)olTh

AGFzINE 5F SUCRRE AHST wAe} S
off o8k ZaFgo] AA PYAEE A (Diffused acoustic
field)o] |48t o] 4, &8&2 JaFr=xol tisl 7=l &
By NS 88 A 2)F ol el mAe FEade
+9ddE 34 4 YKCochard et al., 2000).

SL= 2010g]0%+ IOIOgIOTI;CnL 0.4 (#)

A71A, p, & AN 24 W (Pa)elH, Ve

3
AR (), Ty& FEAZS), cv S5ms), poe 71521 1

TN A A AR HE FYdsEE AFFARIE, 21
FARE, WS Fo] glor, AT FiFd wet FPE=
ZHFAIZE Tha zlolE BRITh B AFolMe Z2H7te 25
AR IS o83l FEedel Sduide FAska
ARE JAFFEEH 2T A vlal - 1FII
23 My

2] AT lolE §lo] |
Ao FEode SduEE It FASge FHAR
o} AHgle] HE 7Fse 7o |th(Hazelwood and Robinson,
2007). JFrzet 22 A Ul Teadol SAskE A5
Ao AXANA Y AA 7 p, o AFS A )T 2ol AHS
Z pk JAFEE p, o S¢AEY FoE JPEE F A
(Kinsler et al., 1982).
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167r ) 3)

p pd + pr - 52( A Q
o714, A= B7F F28 3 (Equivalent absorption area, m’), Q<
A SFA| < Directivity factor)©]T}.
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A

y=0,+0,x Q)

2l 3 4 @)E v u, 2D IAASF 9, 7L7]
S*ol awslm, 9,5 HH p(=1675%/AQ)°l AFIT} 9=

21 (el gt g 399 Sd9ddS AT 5 o,

FAFY FA(D= 1) 7Psta 4 (5)9F 4 (6), 4 (N2HH

ZgEFzEe] 571 FeHA Am)et ol tgEE FSE o,

AT Ty = 288 4 UThHazelwood and Robinson, 2007).
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A=—F ®)
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o= A/A, (6)
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TGL) =55.26 07 (7)

0471/‘1 A, 9} Ve FEFrzY AfTds A EHH(m)
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Fig. 1 Sample of reverberant tank plot
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31 SEAY X 7o R Fu He

+FLR AXE= Fig 200 1:/\lf‘ Hiel o] Fu} FAl
(Transmit) @ F2(Receive)S 3+ 54271 270(B&K 8104),
585714 399 Z(Crown D-150A- 2)9} A9 I (Nexus
amp), AT YA D BALS 93 Fu ,‘?_/5'7](]3&1( Pulse
3560C), % SO & Kim et al.(2017)8] A&7} FAsA 74
stk Fuk B4 13 SEE Wle ST VE0 R
2.5kHz A 20kHz 3t 73kl thsf =3 s}t

SFYGe dol, F, F4lo] oF 125m, 18m, 07me) 71 A%
) e Fol 7 g5

, RFEFAIZES- Table 19 A2l niel Zth o] uf,

Analyzer

(B&K Pulse 3560C) |

Cond. Amp.
(Nexus)
Transmitter ] , Receiver
(B&K 8104) (B&K 8104)

Reverberant water tank

Monitering -

Pulse 3560C
(Crown D-150A-2)

Fig. 2 Configuration of acoustic power measurement system (Kim
et al., 2017)

Table 1 Reverberation time of a long cuboid water tank

1/3 octave Reverberation time, 7%, [s]
center freq. [Hz]  Linear chirp  Log. chirp White
2500 11.15 0.25 -
3150 0.59 0.15 -
4000 0.17 0.15 -
5000 0.17 0.16 -
6300 0.21 0.20 -
8000 0.19 0.19 0.25
10000 0.20 0.20 0.24
12500 0.26 0.26 0.27
16000 0.21 0.21 0.23
20000 0.24 0.24 0.19

drze] AFANSHEE SR **@ZAW:EE 27
AE, AN S TS ARESt] AAlsi e, Sl R
o] o]AA = Imo|th L=, 6,300Hz ©|3} TJ}—F g ol A

ANES] TP A 0] sl on, ol Fig 29)
SUANRAR THoRE Y Fargeloe] et 94
B 4 93] dE Aoz Ama,

4, S ALY

4.1 RFSEAIZH J|HtO| Solaw AN

ZHFAIZPH 719ke] S A S 913 SEEES AAE
Atk o] o, F417](Transmitter)oll WA S5 WAIAIZ] ZJefol
A F217)(Receiver) A1) 8-S S48t I 23S} Table 1
o] ZHFAIZE HolEHE 2] (2)dl tidste] SduES g3t
o} Fig. 32 Table 19 S9U2S FeE SdHE AAHAALE

A FA SdHET A E=AG Aol ”Haz/‘]'ﬂig} =
IFAR S gk 7‘]'5“\]7};3 Aed o, 49 Sddde
Fug EAL $4A &

Eﬂ"éﬂr FARRE A4S Hola ik
+dEd 63kHzE 7] aFF oA AA S &
L o] Bl % E}?& =ddd Ay AFE Hola gle
v 33 ATk tiYolAs & 22k Bolal ok WAl s
o thgk JWFALS A8 wf, 8kHz ol dolx= B Axet 7
o] g =A JEREAIRE 63kHz o]t A= ZHRFAIRE E)
o[Ei7} EAIEHA ot S-S AT ISIT

T4 Fig. 29t 593t 4
& FEAS7IY AAE 28T AHlA Table 20 YERA F
127) ARl A8 FEHFTE S SE o|AATIHA =
FAPS AAEATE A4z F27ld U SUS8AHRE
288l 13 SEE Fa el A s AAsion,
©] % 2.5kHz, 5kHz, 10kHz, 20kHzol| i3t AHE Fig. 40 A
stk =3 AFrxeE ol&s S sk on,

100 T T T

Source Level (dBre. 1;4Pa2 . m2)

Transmitted Source Level (SL)

. *  Estmited SL (w/ Chirp Signal-Linear)
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Fig. 3 Source level estimated by the reverberation time method
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14 %1078 Reverberant tank plot (2.5kHz)
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Fig. 4 Reverberant tank plots at 1/3 Oct. band center frequencies of 2.5 kHz, 5 kHz, 10 kHz, 20 kHz

Table 2 Transmitter to receiver distance

45 743884%(Cross correlation function) 7%t 4 =47]H
(Kraftmakher, 2014)5 Xt} A4 A
A 7S Ao E Almsdnh

Receiver No.  Distance [m]  Receiver No.  Distance [m]
1 0.10 7 0.40
2 0.13 8 1.00
3 0.15 9 5.00
4 0.20 10 6.00
5 0.25 11 7.00
6 0.30 12 8.00
1 AIE Fig. 59l AA $AU7] SdaEdd A=A

Ao FHolA ZHFAIE thH] 2R Qi}% Kol glo
H, ol zEFrzEol| ngiSAdA -3 HAss BY
T U AR Fokee] e SAuEe dAlet fARE
7AedE BolARE Fart ST wet e &t AHAF F7t
ko] 2kHzo A A 5.8dBe] & LAE Kol gt} o] £
| TRV T FEHST] Aol AE FEHSI
1788 AOE 7EoRE AT WEel AR AdEm,

e
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30

Transmitted Source Level (SL)
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Fig. 5 Source level estimated by the reverberant tank plot method
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Table 3 Absorption area, absorption coefficient, and reverberation
time of the water tank estimated by the reverberant tank

plot method

1/3 octave  Absorption area  Absorption  Reverberation
center freq. [Hz] [m?] coefficient (-) time [s]
2500 1.16 0.028 0.43
3150 0.58 0.014 0.86
4000 1.03 0.025 0.49
5000 2.37 0.057 0.21
6300 1.82 0.044 0.27
8000 1.40 0.034 0.36
10000 1.82 0.044 0.28
12500 2.25 0.054 0.22
16000 2.90 0.070 0.17
20000 2.28 0.055 0.22

pot
)
1>
—

A A el A el SIHESAA
g

= =] =1
T5E, DAL & FASHNCH, L A= Table 30 &
3

R ey 76k S A AAE H
WA S Al AFEEE $A7] o] 2 T O
£ 7Ivte g A% SdgEe] A vue Fovlasth o
gAl AA $A7] SdEE diH] SdeEd FHE A0 A e
g 2 8)o dFd diddel tig W AlF 23X (Mean square
error, MSE)Z #7753k

MSE = % M(sz,— sL,)? ®

i=1

A7VM, SL, 3 SL,= iHA 13 SEFE WA o] AA £4l
Sdeay 4 2Yede 42 guiEiy, m 13 SERR
WE FE s)golth

Table 4= -4 4718 ¥ FFAFLAE A Ao
o} AN S E o] 83k ZHFATFHO] 072 TP e oAFFE
< HolA|t o] 6.3kHz ©|5k] F3H4= ol A Az H
ol NEEZ S9d¥ FHo] ErlsItez AgAQl vart
ojFth wekA oS AlQshd A o7 AFgFrrT o] gk

=
B, AR AL AR P9 5 FS
g 2 (ol THYste] AR vl Fx] AYATE Fig 6

o Table 19] W12t BlolEIS} G EASHETE HFALE &
Aol A SR BPAol B derde ¢ 4 ok

Table 4 Mean square errors against the real source level

Reverberation time method
Linear chirp  Log. chirp White
17.6 18.9 0.7) 9.6

Reverberant tank
plot method

1
X Chirp SignakLinear
09 ®  Chirp Signal-Logarithmic |
+ O White Signal
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Fig. 6 Reverberation time estimated by the reverberant tank plot

and those by the reverberation time measurement
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