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Shallow Water Low—frequency Reverberation Model
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AsjolM el AF3t DAre} A3S 29 (L-HYREV: Low—frequency Hanyang univ, Reverberation model)&
ALt S8 (ray-theory)oll 7123t AntRY L 37 W2 Fite)e Su dig 2948 HdsHA
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(Range dependent Acoustic Model)€ ©|R3A HAGEAL AA ¥ t}EA2 FAEY (multi-path
expansion model}& ©|&3A A2 AILAE BASIUTE 2he| P52 #18te] GSM (generic sonar
model) 8RS 2o 412 Y A3 W3S 430} vlwat e, v Fa GSMETE L-HYREV 29o| AFa}
TS dF) HAPFS AT &= AU,

ol AR By, I &4, AP, SR &% 29, RaM

Fiagok: £35% £oF 6.2)

Low—frequency mono—static reverberation mode! for shallow-water environment is presented, It is
necessary to develop the transmission loss model to caleulate the sub—bottom interaction because the
ray—based transmission loss model is difficult to compute the pressure accurately which penetrates the
bottom medium, In this paper reverberation level is calculated using the RAM (Range dependent Acoustic
Model) to augment the multi-path expansion model because it does not estimate transmission loss
accurately in shallow water, The signals generated by the L-HYREV and the GSM are compared with the
observed signals and it is showed that the L-HYREV model provides a closer fit to the observed signals
than those obtained using the GSM,

Keywords: Reverberation model Ejgenray, Transmission loss, Multi—path expansion model, RAM
ASK subject classification. Underwater acoustics (5,2)
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Fig. 1. Processing flow of L-HYREV algorithm.



7|0l AR} i o] dojuks AAE (AR
9] A=)FE (range step)o|t}. 18] P, = FFS &
& P 299 &%, PP/ PP 0A Aakx
/ ARA A LR ) A, 985D/ 2405)
L g/4A8 By, o0 FeiEAEE el
&, AR 2H-240] e geel Ao ¥
B2 9% AEEA, $/50AXNY B, PHRE
9] FozA A4lEr,

3] of7jo A et PR p{g RAME o
£ ANt £AE gz A A ARG

ohE A M= o9 A AlrbE Zhdke] gk 98
HA Zo|ghEd 7MY Y] BE S EHES
SYAE B4t (intensity sum)FHOE2H 3 24gE £9
& ANRIC), RS 2:9] AN AL EE AW B
25 9% Al nun A AL e 3
AgsA BAarde okg3} g,

21 342 = 29

L-HYREV 2WoA A5 7FAA At o F 22
ths3 2t HYREV RHoj A s A4 fal &
& A7) £ (composite roughness model)-& AME-H
i, ol BAY % o437l o At dEe
Atst7] gl AFahs Attshe L-HYREVO = 3
3EA| ok, WEkA 2 REoA Fa Ak 218 A
Fut A 4l {2 Chapmand} Harris?] AH4]
& olgR o, o] A2 s FEI AN Fake 1

5 xPu} LR ofs2d 681

2|2 QALY oris). 3 AV uFwo)A
+ A 2 4 em ol5He] EHF v|@dgo] 2@
Ao} gFo) Z317] W20 HYREVZE 83 Ad7) B
9 ARG o, L-HYREVOA= SfixHe] 48+ ¢
APzke) o, A Fahpel B Bl H5o] el B9
&3t g Hol= Lambert’s lawS AM-3HIrH4-6],

E 2 2ol A Al A4 HYREVA XS} Zo)
o] wet HARZEE JHTL =N AHPES
< A =of g2l

2.2, Hgdy 2y v

T332 AR AAHE AGEHL AFne
o)A a3t A E|HEe A4TaES nE3A| Rope
AL REo] B Hegolehs Do) itk metA
L-HYREVO| M & o}& B.$4317] 21814 3|4 535 Y
&} A& A7 (geo—acoustic parameter) S ALE, EJZ]
U] 2GR = AAkhe RAME o] 8344 AE
SAE AL o8] AltE AGEAS FE A3k
+ 98 A7) 8l e $gRde dudd
2 oA sgen, 19ie o3 A A2 §%
2Yo] o3 ABEIE TH-SAL 19 2042} o] 3}
el A (a rPyoll dia)A 22k HutA R of
o ST QA R s 58 AN

Teju} RAMO|| A Q) AL o] ARIF oA 1
Az} SUE Sete) 2L vehlng 2ol nR-S
& Uehhes 2479 v 2 Wieo] Fojof 3T}, £ o]

i AR(1+2)

Zloi{%mﬁﬂlsﬂﬂ-n — 10R4MTZ.X a at AR®

where
[&]): weighting function

m : eigenray number,

38 2. 713H AL gu2F

i ? range step at boundary

Fig. 2. The algorithm of the calculation of the weighting function.



682 SIRBYULSIR| H21H A= (2002)

L Azl 434S BASK: 2zte] Hubgao] uf
£ &8 299) STHE RAMOJH A3 3205} otk
gk ebd of 5 Weede B4 AsiN 244
HGEAE £ 47| (intensity) 2 UERIT, 3R
ghhmdel o) ANE A g0 A7le) $3E 7o
35 29) A)7)] M2 7133 (weighting function)} S
F3ch, b o] AR (2 RO 7EA) (o)
£ thest 2o,

a= mgllo P m)2 }; 10 TLIRAM)/20 (2)

Q7)o A mE DRSH0IH, mpe = J TH
A APE, 2 e FAEY AT AR
(range stepr& UtERAR, P{’E QoA AT A7t
219 g v

47te] oy 73 73 E 471 UE we
7, o] 7He2lE 2449 nf-Ee) HEEdY &
) A7)of 2t} 8 F SU L2 AESHH ASYIRE
AHE RAMOIA 9] EAT 2] dot. 24E T
AL BAF YoM 4EXE4-E Doy B}
Aae HESLE ALY Aojn, wety Ho Fekgt
WS E94E AT + Aok

I 249 ¥§

e Ao kS AP diths A2 gAY
A oelgo) otk wekA 2 =2oiMe 249 4
22 Y3A L-HYREV 29 2o} GSM AeRe 29
ATE ¥R B43lgon, E3F LWAD (The Littoral
Warfare Advanced Development) Exercise 99-12] 4&
A4 v|23IGTHS]. T, LWAD Exercise 99-12] 4
SARE AN dYue e FUsht, AN-SQS-
53C ACTIVE SONAR?| SHUEHE 97 ¥z 173
ke H kg,

295l L-HYREV 249, GSM 2 U LWAD Exercise
99-19] Ydwetvg= o3 g,

3| A2 20 kn7}bA) A 2|5 (range—independent)
oo, £42 64 mo|tf, RAMZ o|-§ Hg&4-E Akt
7l Y8 H459 FAs AEARE B2 New York,
Long Islandof|lA] ¢F 500t PZ54] Area Foxtroto| Al &
%t 30mE g3t ol 3422y 37 2, S
3 £417]9] Qoj= 20 mo| o, Fup4= 3,500 He, A
o] (pulse length}= 500 msec L&) F&E 5 kisolt},
T3 SUEHe 9 seauel yagd st
o 215 dB-E 73Tt RAMOIA] A Bl A S B&
8-S AL 98 ASF A 250] 1650 m/se]
YTl 1.9 kg/m®, 282 A4 (attenuation coef

1520 1530 1540 om

20,000m

20m #
I — Water

Frequency = 3,500 Hz
Source Level - 215 dB
Pulse length - 500 ms
Wind speed : 5 kts
Bottom porosity : 45 %

64m

- Sand

94m -

Density = 1.9 kg/m®
Attenuation coefficient : 0.8 dB/ A

1625 1650 1675

8 3. 98 el
Fig. 3. Mode} input parameter.



ficient)= 0.8 dB/AS AFSRLY, o] QAEL BefE
oln|3iri(g].

W7 L-HYREV 295} GSM 239 v -5 A &
Al7\7} st A Hel| YA AgSaE BRI
t}. L-HYREV RRojA] A g4 RAME: o)8-
AR Zatold, GsM R tF A2 SARYE 9|
| Aol

39 4= iR A7) 7F A% o, 28l )
52 #7171 A Al HAE o L-HYREVS} GSM9)
AGEY 2ol & viepd Ay, A8 FA 2] A5t 2
F3 £ ek A el GgE et

Transmission Loss (dB)

140

M xiTal TS A2 683

webd 1 59 441717} SRRl 1A el Age
Aol 2Heho] $27 2471 Uk, 44717+ SR
A% 0e) YEAL GSM o] L-HYREV RYE
o 5-20 4B o} 2w, A2t R4S T Aolr}
FoMite A ¢ 4 qink ARl YAsls &

¥hA B B3kE sher), oo} HEE FE Ae HAR
o) £47 £5 YA (grazing angle)ofcHs). o] 43
UAZIo) Folof Suke 72} AmE ¢ 4 g, ¢
HIafzto] 2t} sfuiehe sl AR 23]

= 47t 3713 29 GsME EAF WellA 9 of

17 &4E AMSHA] Z5b7] gigel] A2l7t F7kl

- ————m————— e ———,y

GSM -

NN ‘rﬂ\‘.hlfv.‘r,f‘ S TR P Lo
Py ‘W 4 |: ']l'k\!'[‘}wvh\‘ww Y b ‘I”v\‘\',
. " i L

| ti;['”\‘yr i s

! " 1%-“7 e

Range (Km)

% 4. GSM#} L-HYREV (RAM)S] MEZ4 bRt (£417): i)
Fig. 4. Comparison between GSM and L-HYREV (RAM) Transmission Losses {(receiver: surface).

GSM
oy
A
13 H
] +
~d
[~ T o
o n | w a e
% »' "] ‘ 4 ( : rv‘y‘ ; NI\ ‘/“. f‘« \n,\ ,\
v : Vr
g ; ‘ ' K A\ ” w N ‘
|= 2 !\' ’ ‘ t
f ‘
0 .
194 2T T e T 0 12 14 n m 20
Range (Km)

12| 5. GSMI L-HYREV (RAM)S| HEH&EA b2 (S47]: SHMH)
Fig. 5. Comparison between GSM and L-HYREV (RAM)} Transmission Losses (receiver: bottom).



684 BEISUBIGIX] HR1H KX (2002

. [
o
Rani

Reverheration Level (dB)

40

140

120

1100
Real Data(R)

1

80

80

AQ
} L-HYREV(L)

e,
- ',

o~
O A N,
o R
. Yo

8

Time (soc}

I8 6. GSM, L-HYREV X XY s &4 dia
fig. 6. Comparison LWAD Exercise 93-1 data to GSM/L-HYREV Reverberation levels,

~

upeh AgE4 o) Aol 7} v AXA drh= R g4+ A
o}, E3 3E%E £HUE AR GSM g0} L~-HYREV
Ryt HEel do] ot F AL &G
pi=a

1% 62 L-HYREV B9 GSM 29 12|3 LWAD
Exercise 99-1 A&7k 29l 48RS F9E wiugl Zojct,
LY Y| BE S8 FAEE g Ped, L~HYREV
ZE7} GsM 29 JGESEH Uit S-S 4B S
Agalu}, 2 2% A& A&A o] g Folc}, E
T AEE MBI A BYe SUEHE
215 dBE 7IABFG o, o] RE o A RA &Y
(huli~mounted SONAR)®} 292 o] #g=l= Aot}
GSM} L-HYREVS] S-9&9E gejdict stelate A
A 52k ante) SUFEH N f5A 207} 2] Y& Ao
7| W §ol 2 elirjel To] BEE F9 e vt FAhE
vrebdict, el A&ghS HYE ST Al
Bl 24 BEFT I ol L £ 4%
{fluctustion)o] Bt ofef uldj GSMY WIS &9l
zgol EA4F ulAMY (incoherent) AEE4-E AMg8}
o, YAZolghg e A7k Y el 2E kg &9
£2 ST 4 (intensity sum)Bt7} ol K50}
u}, 28t L-HYREV 2 @& RAM B Y 9] A A4
{coherent) AHEHER ARL3Sl7] Wi AL 2919
250] A&gEchs 2oy CoM BARTH: 30 R
& ¥4 don, 1 2% w5 ¢ 5 U6,

Ko A A3 & L-HYREV 227 GSM 23 28k

£ £909 Holi= A H 2R 5-30 dB7IA| 9] Rlolg 1}
ERfigiet. ole Al 299 S44 ol AR #
3 A& 0] F g g W3S 98 AR
o Zolrh{5],

o47|of N B 3} A& {FE ¥ B A| LWAD Exercise
99-12 28F2- E9of diaf Alto] S GSM B
The= L-HYREVZH wlil®) Zgo] Yajstny, ol Hard
49) 2jole} Zho| Hajol7} Wi Eof BARTS] 42§
o] F7I517} W Eelcy, whabA] A7t} HaEE GSM
J—]’ LWAD Exercize 99-1 ¥ L-HYREVR}2] Zolr} #AX]

= RE Y 4+ U

V. 22 3 EY

€ =RolAde Ausd AFu 23S dF 2E
L-HYREVE Mgstglch. sfaketd& ngAn 4%
< 248 st 47, RAME 18319 g/ | dut
£& 2§ BE S0 GoMe EdENe
LWAD Exercise 99-12] AZAR.e} Al7bo] A& H]
HE 7ol dAE & & U

a2 AERE vl SUEHE Y 1
&3] 231 Sl VA3 Qidk, whehA B Rdo] A&%
HEA B35S H8A A5 agelA g ol Y
S FB oA HFE ARG A E ek vl FA0
gaste, $F 27 F4& Qou AT S RES



4=

A7) AL 19 19049 2O L9SHE AR
A, ol 407 282 $471004 L1k} nf
S4% 242 A hg BEAQ TS HS 2T, A
BYSE DA ok P AR S Ag U
P ANES BYS RUE FE 71T At

A

Bue) 2

£ A7E 23S USATAE ) 977 Lol 23}
of 34312,

18w

1. D. D, Elliis, “A shallow-waler normal-mode reverberation
model,” J Acoust, Soc. Am,, 97, 2804~2814, 1995,

2, FX|8, S2Y, UFG, YL UYY, “HH 2F0 ZHES
=Y (HYREV TW)” 200201 B12SE8s| siAshad
RUE| =R, 451-454, 2002,

3. G, A, Scanion, R, H, Bourke, and J, H. Wilson, “Estimation
of botlom scattering Sirength from measured and modeled
mid—frequency sonar reverberation levels,” /EEE J Oceanic
Eng. 21, 440451, 1996,

4. D. A, Schalm, Inversion of shallow waler bottom sediment
properiies using AN/SQS-53C reverberation fevel data from
EXERCISE LWAD 99-1, Master's thesis, Naval Postgraduale
Schootl, Monterey, CA, 1999,

Y xizn YR ola2 685

5, R, J. Urick, Principles of Underwater Sound, McGraw-Hill,
New York, 237-290, 1983,

6. H, Weinberg, Generic Sonar Mode!, Naval Underwater Syst.
Ctr,, Tech, Doc, 5971A, 1980,

7. M, D, Collins, User's Guide for RAM Versions 1.0 and 1.0p,
hitp://ealib_saic.com/,

8. F, B. Jensen, W, A Kuperman, M, B, Proter, and H, Schwick,
computational ocean acoustics, Aip press, New York, 40—
42, 1993,

X7} o

e ¥ 4 (Nam—Soo Kim)

199114 38 SAbeidtm N3 (Z5AD

199017 28 SRIThSIL XIaHYSta} (0{BHAAD

20014 38~ gtk x|pEfQestal e
W R S

X FEdEor +E8Y 2Yd

e ¢ A € (Sun—-Taek Oh)
SZSEHSIX| HPOH AKE EHE

o} 4 4 (Jungyul Na)

19685 MEHED 718} (02D

19724 o7} B22)ct FYi8E shrek) (08
19769 0= Ba2iCt FYNYER Heit (o2
19774~ 198611 IYASIARA WIHPY, FBSYUZ!
199641 — 1997: #IRSAI8IY] 3%

1986\~ SIY: IUCHD pel7|gis) XfRHfEtat np
¥ SENEOF £ERE


c.com/

