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Submarine bistatic target strength analysis based on
bistatic-to-monostatic conversion

L=, wgx! ol2sl’ =ops”

(Kookhyun Kim,' Sung-Ju Park,! Keunhwa Lee,? and Dae-Seung Cho®")

'SHIStm Y= UalE|Sn, PSSt m SYAIARTS, SHAStm & MeiUT St

=

(Received November 7, 2023; revised December 6, 2023; accepted December 20, 2023)

£ BB RO 4 AT EAGE A Sl AT W 7S Aokt o] 7Me
$41-2-2o] 4% A wlo] OJ3) AHE F- 44l Aol Sk Sut g A ol 2 ARSI olof AR SR 7H
AP RO R, 5 4] 0] AT BRI GpATEo) A Tl = Mashs whilolch, wake vae
A7 BAR 7] A T A 4 S 7S BHEStol ke AL EE Bk A B
292 28|51 gl BeTTSiol et Ao} EAZE shal abatelon], 71 Anbe A a4yt 7|25 5
Tpol ofat a4] Autol ulawstel Alekel s 71 0] A= AT 4 BARE B BT ) AR B

ABSTRACT: This paper presents a bistatic to monostatic conversion technique to analyze the bistatic target
strength of submarines. The technique involves determining the transmission path length of acoustic waves, which
are emitted from a source, scattered off an underwater target, and eventually received by a receiver. By generating
a corresponding virtual scattering surface, this method effectively transforms the target strength analysis problem
from bistatic to monostatic. The converted monostatic target strength problem can be assessed using a
well-established monostatic numerical methods. The bistatic target strength analysis for Benchmark Target
Strength Simulation (BeTTSi), a widely used target strength model were performed. The results were compared
with those calculated by boundary element methods and Kirchhoff approximation, and confirmed the validity and
the practical applicability of the proposed analysis technique for evaluating submarine target strength.

Keywords: Bistatic target strength, Bistatic to monostatic conversion, Equivalent transmission-path length, Equi-

phase virtual scattering surface
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Fig. 1. (Color available onling) Cartesian coordinates
for acoustic wave scattering problem of underwater
target.
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Table 1. Numerical analysis condition.

I . ¢iI3H&'| Sound speed (m/s) 1,500
Frequency (Hz) 100, 500, 1,000, 1,500, 2,000
3.1 XM & 2 M= Source Elevation angle (o) 0
B Aol A At $:Aa4 71 o] A= g3t Azimuth angle (0) 20
URAEHE AET] U 0 mF A BT Receiver[ O .
Azimuth angle (o) 0~360, 0.2 step
off gt A]8l A& skl L AaE A48 W
COMSOL Physics'™ o 4 2t} 1] 2.5} 2. o]l HE A% 2-84L FEsl7] 915 COMSOL
FANHREE LA 3 ARSI sl ajzemon o 5541 74,224 Boundary
M, 2 A7l 02mx Tmx Mmoo PRI plement Method, BEM)T} 30k S|4 w501 7] 2
e A, =0l %H‘%L% 217 x-y-z A WL Z 32 3] & 3 LAKKirchhoff Approximate, KA)oj] 2]3}4=3]
of o Wk A ojstar o FAA SYF7F S A= b wste] TAEAT
QA SHES 5hl et i e o] o) H2- Z-59,618 BEM 3|4 Z}e} v st o), Z2uh2=ok Ak 9o]
7o) Pz 8ar HARsel om(Fig 6), ol T 0] Yo 2hst 2 of] o3t AL ukAbo| Bl
HHAZY 8.40] fh 9 o]z sjAFut At Sh= 22 A] urol 7k 30009} bl A HFAlEko|| BTl
of| th-g-5h= =2l oF 1/109] R 9fell =5 skt 22 A] Hpo) 7 600 A] ELglA] o] mlo- =7 UpElLE
T8l 4] 22742 Table 10f] g 2] 5k vFe} 2ok wi A oJtth. vhm, 1 9] o] urojzhe] Al At 2 o =
O] 5452 1,500 m/so|w, 291 F=3k== 100 Hz, 500 HaLA o] U] LheERLFTL 9) 0.1, o]i= BEMO||A] i1
He L, LSME 2K 5 S 42 8T 3 o st cgaras), mazo) og 514 5o
B ks Y0 2 ebetd, 242 15m, 3 m, 15 T2} ol o5t edgko] LatE] x| oFoky] Wl A
m, 1 m, 0.75 mo|w], o] = A|FE 7 o] A Feup4=¢] o AlmET Jukz o 2 olg]at 1A} gl o]st
A H ST dolth S8 ogepe Fubeot Befs 27 etk weta
IAIEIS} 44 ANel - B Ao AT N E ol s BT 1 2o
0°)ol| A} z-5 0 R HE O] W9l o 2 oS uf, & 7} ZrobA]m, 1,500 HzS} 2,000 Hzol| A= 1 xpo]7}
A YA IZE2 240001, = ALR} A HF9]ZE20° B$ 217 et
of| A 360°712] 0.2° 744 © 2 A5}t 519, KA 3|4 2 zke} v st f, A ohE 54 7]
(Present)©] KA©] Z3}5}A] S}z AulAlE A ES
3.2 wX[atA Zat A mofstal Qon], nFuER 24E A e
Aol A e dlof thgh el 27 e s At IS HYZ & 4= Qlek o] o] Az R E, 2 o
+ Fig. 70114 Fig. 117}4] F=uba= 8 2 e )Tt o] Tof|l A Aokt gl 22 = sl A 7R o] 4454
o, Ak 471 (Present)©] A1 =]/} St g S 2 APEoH, ek 22 g 52 A0

iR QuretelR] M43 H1w (2024)



143

60

= g = - g = o< TR ¥EORE KW W OoF AT T
g T 5 I TAAHmE ST o T o T &9
29 = 2 _ 8 b= L3 X o @ T 7o Lo No of N B =
a<a 3 8g& S T S X0 g X T e o %o N
_ @ _ @ ,mM‘kﬂxooPoﬂHoLo ﬂ%ﬁldn]%7iﬁmﬂ‘_ou
. & . & FEHMpTRIT TR T gy
b % N % o) = o] = ) o m_l o g o T 3! 7o ED r-
e i ek T@BzHIT o ozHgaon®
2 = e 8 T pFagled R ogs X ff MW R
I 25 maNETw® =TpdH, w4
=2 5 =2 % w%ﬁ&mmm RO N oz M
g 8 5 § Pl ogm XX Mg
[ — o[l ©
E 2 Et Py 5T IEapodlw
< - — ~ ) ! ! I~
S P8 mEOWELT THETTENE
9 o pgRrmHgRT PepyPHBPLT
3 § PPy  Ph W opy P
@ @ @ﬂﬂ.»ﬁﬂ#ﬂ%ﬁﬂur%%ﬁ@u_x
- - = HphegrrETootafed
g ] ° ] g . 8 g ] ° 8 = . o° 3 o N - N o s X om
(ap) yr8uaas 10811 2 (gap) yi8uaas 1081e] 2 1n_rtmo ) H 3 ﬁ. J_M WM WL o AST Mo_n o " O
i iC KWK R W K o o B3 o
= g - 8 — 8 = oo
= o0 = o0 N
= _§ TS 3 oL B I oW
8 < S |Bsk S |Esk s =T
| ® _ S _ S 3
. g & s
S & S 5] 8 =
N 145] [ ™
= ' = s kB X
e 2 e 2 @ o 0y i
[ w 0O 2 5 0|
4 o o T
i B 2 % g g ©
E e 6 ST L. W
5 B 5 © = 5 XD .
< B < 3 < 5 37 >
° > o 2 ° o N -
” 2 ” 2 - ) R
- 2 + 2 g i °
3 S T o ol
.% % ® o O
m X ]M
SN - - & WO
8 g S ° S g 5 & g S s N 3 s 8 8 8 e S 3 o B <
(ap) yr8uaas 1984e) i (gap) yr8uaas 1984e) iC (ap) yr8uans 1081e) i T W

The Journal of the Acoustical Society of Korea Vol.43, No.1 (2024)



144

10.

11.

12.

o=aYy

Al Sattieka 7]

ATA AR

References

. R.J. Urick, Principles of Underwater Sound (Peninsular

Publishing, Los Altos Hills, 1983), pp. 331-341.

. G. D. Tyler, “The emergency of low-frequency active

acoustics for as a critical antisubmarine warfare tech-
nology,” John Hopkins APL Technical Digest, 13,
145-159 (1992).

. K.-H. Kim, D.-S. Cho, and J.-C. Kim, “High fre-

quency acoustic scattering analysis of underwater
target” (in Korean), J. Soc. Nav. Archit. Korea, 42,
528-533 (2005).

. K. Kim, D. Cho, and W. Seong, “Simulation of time-

domain acoustic wave signals backscattered from
underwater targets” (in Korean), J. Acoust. Soc. of
Korea, 27, 140-148 (2008).

. Y.-H. Choi, K.-C. Shin, J.-S. You, J.-S. Kim, W.-H.

Joo, Y.-H. Kim, J.-H. Park, S.-M. Choi, and W.-S.
Kim, “Numerical modeling and experimental verifi-
cation for target strength of submerged objects” (in
Korean), J. Ocean Eng. Technol. 19, 64-70 (2005).

. H. G. Schneider, R. Berg, and L. Gilroy, “Acoustic

scattering by a submarine: results from a benchmark
target strength simulation workshop,” Proc. 10th Int.
Congr. Sound Vib, 1-8 (2003).

. M. Nihof, L Fillinger, L. Gilroy, J. Ehrlich, and 1.

Schafer, “BeTSSi Il : submarine target strength modelin
workshop,” Proc. 4th UACE, 377-384 (2017).

. H. Cox, Fundamentals of bistatic active sonar. Under-

water acoustic data processing, Springer Sci. Rev.
161, 3-24 (1989).

. D. M. Fromm, J. P. Crocket, and L. B. Palmer,

“BiRASP - The bistatic range-dependent active system
performance prediction model,” NRL, 1996.

M. Swift, J. L. Riley, S. Lourey, and L. Booth, “An
review of the multistatic sonar program in australia,”
Proc. 5th ISSPA, 1 (1999).

Y.-S. Choo, S.-H. Byun, Y. Choo, and G. Choi, “Com-
parison of target classification accuracy according to
the aspect angle and the bistatic angle in bistatic sonar”
(in Korean), J. Acoust. Soc. Kr. 38, 511-521 (2011).
Y. H.Ji, H. S. Bae, G.-H. Byun, J. S. Kim, W.-S. Kim,
and S. Park, “Investigation of target echoes in multi-
static SONAR system - part Il : numerical modeling
with experimental verification” (in Korean), J. of Ocean

oo|X] H43@ M1 (2024)

L
rH
Lo
N
=
ol

Eng. & Tech. 28, 440-451(2014).

. C. Liu, M. Zhang, and W. Lin, “Calculation of bistatic
scattering from underwater target with physical acoustic
method,” Procedia Eng. 15, 2561-2565 (2011).
ps://doi.org/10.1016/j.proeng.2011.08.481

14. D.Klement, J. Preissner, and V. Stein, “Special problems

in applying the physical optics method for backscatter

computation of complicated objects,” IEEE Trans.

Ant. Prop. 36, 228-237(1988).

Acoustics Module User’s Guide, COMSOL Multi-

physics v. 6.1 COMSOL AB, Stockholm, Sweden

(2022).

15.

| xxt bz

4= (Kookhyun Kim)

19944 : °|oH:H°_.
1996'4 :

o= )
200713 : SEAICHBIR) & 16H%%§+n+ SiA}
. 19961 ~ 2000 : GIBIEIZEY EHQ

!
2009 ~ Sixff : SHCHSIW A=
2|E[Stat w4

» 8 M = (Sung-ju Park)
2014 : SPcHstn =SSt} ShAt
20164 : °|o}EH°*._ ZMeidS St MAL
20201 : QISITHER ZEMaHOEZ S} HiA}
2020'F: Qlotch sHYoLAXIEt A8 E 7 1=

H7A HIAS TPH
2020 ~ Sixl - SHCHSh SHYZELZ|
E|Sk} X4

» 0| 2 &} (Keunhwa Lee)

20024 - A‘I%EHE!I'L

r_>L
el
09
O
Ol
BB

H
2006'—‘1 ~ 2014'—ﬂ A1§I:H%_.Iﬂ_ asumEs
2014\ ~ A : MBSt SUAIAH

= A
S

» & t§ & (Dae-seung Cho)
19854 : MECHEtn ZMFstat SiAt
1987 © M=CHSIE ZMZSfE MA
19914 : M2CHsr =AMZskn} BiAL
19018 ~ 19074 : SHSSY AR
19974 ~ Bixf| : RAetn ZMEHAS

S A
St W






