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Abstract

Target Strength(TS) is an important factor for tdetection of target in
active sonar system, so that the numerical model the prediction of TS is
widely being developed. For the frequency range sefveral kHz, the most
important scattering mechanism is known to be thecdlar reflection, which is
largely affected by the geometrical shape of thegeta In this paper, a
numerical algorithm to predict TS is developed dasa Kirchhoff approximation
which is computationally efficient. The developedgaaithm is applied to the
canonical targets of simple shape, for which thelital solutions exist. The
numerical results show good agreement with the yéinal solutions. Also, the
algorithm is applied to more complex scatterers,d acompared with the
experimental data obtained in the water tank erpammt for the purpose of
verifying the developed numerical model. Discussioon the effect of spatial

sampling and the other aspects of the numericalethng are presented.
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2. EAYE A4 o] 2

F A4 =(Target Strength, TS)¥ %5 E4¢ &3 MAES UYHHE 3=
2 @D Po]l SYor¥E Aoz AdrEE S99 Al7(incident
intensity: 7, )%t F4] AL THOZRY umﬂa(lm)oﬂ,q =245 WAl o
THreflect intensity:Z,, ) A719] 2 Ao i1

1’—ref
TS = 10log,y 7~ (2.1)

me e =1m

o Fig. 2.13 Zo] drbsteE Sy+= AAZ S (far-field)®] W3} (plane
wave)Z7 o]la, WHAlE = S3E F8 k(spherical spreading)S 3FH, ©9A
2] ImolA el M7= Aol s},

Fig. 2.4 EXZx2o| 2

FAREE T2 2 (active sonar equation)?l 2(2.2)¢] =93 WMEE
A FHASHAN = 5 249 FeHA (active detection)EE, kAo HAFA
2 RAEFY WFE Ha, AASHAAE 5 58 AA w7 (design

EL =SL—TL, +TL, + TS — (NL or RL)+DI (2.2)



21(2.2)914 ELS wake 9 (Echo Level), SL2 3% (acoustic axis)S W
A FHoZHEYH 1m AFdA SHE YT (Sound Source Level), TL,}
TL,= ZH7F S9elA 249 dwbakduiel mAoA Sdo 29 w3k Hulol| w
& dEE4(Transmission Loss)Z al| 37 o] Wshrh vjaisittd &9 g2 2o}
Aar 2TLo] ®v. NL3} RL A7 &5F9(Noise LeveD$t HEMA E£9
(Reverberation Level) 24 sfdg7do] we} Aeido=w ALg3t}, TSE FAAE
DIi= S99 A4 2] 4=(Directivity Index)o]t}.

2.2. FAHY 718 FF7% 53

SE5AaY A" A= J<(k: wave numbern)®t ¥4 A7|(a:  target
dimension)®] =<l WA kagkol wel S34bgh o] FF2HH, Skt
HE SN 5450 ey S EAd 9 Fig. 2.29F oW, kagke] &
7}l w2} Rayleigh < 9 (Rayleigh region), 3% <% (resonance region), =2]%

8} 9 (physical optics region), 7]18F&% 49 (geometric optics region) 22 -

wEH2].

Rayleigh Resonance Physical Geometric
region region Optics region Optics region
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0 1 100 1000
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Fig. 2.2 kaZtoll w2 Sakrlgh 9o
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reflection) 545 HATH3]. ALHRA 5442 49 7|53t GAddd 23] A
& 7] wZell A9 7sted A4S &4 4 o, FAEMS B 3470 =9
A W o o] 7hEsit

FAAES A 149 ¥HS AA A (mesh generation)S =3 4
M o2 A7) 7] wZel o]Z2 QIgH FAALE QAE Hbey B AR S2X4] 5
A Mo E BAo oF NS 1gsly] uFo] ZHS Fdte] Uil A
A A (reradiation) ¥ = 53] @3F A7) oHdote G % Utk 22y §
A vl Ho A AFA sl nlE] AAHolH, EHigek gl dAe] Tt
st oz Qe A E s wWol o]&Ha o, AA7A LdEF %

43w FAHY 7]

i
o

2+ FEM(Finite Element Method), BIE(Boundary
Integral Equation), BEM(Boundary Element Method), GTD(Geometrical
Theory of Diffraction), Kirchhoff approximation &©°] At}[4].

dutq o FEM, BIE, BEME AF3a 2814 7Hor AFapgo] = ]
WA Qe AvE Ho|AN, AFIFAE oAb FAo R A FASAHS

2]
Holgtaw d# A Qomw, GTD® Kirchhoff approximatione ILF3t4 A} 4%
q

AV}

7o R AFugo= FAAGSIA T DFIGod = wE AMAIZFE B a A
Ae3 = ==t delA 9, Kirchhoff approximation®] GTDX.tF A4k
Alzrol w23 2 sl o 2o A go] folsk o= A Qri(4].
Table 2.1. |71E EXMZE FX614 T2 [4]
Participants Affiliation Code Method
R. Berg Kockums (SE) ARTES Kirchhoff
BASIS GTD
L. Gilroy DRDC (CA) AVAST FEM/BEM
ASBIEM BIE
BIE
I. Karasalo FIO (SE) XFEM-S .
Kirchhoff
I. MacGillivray DSTO (AU) Model 3 Kirchhoff
M. Ter Morshuizen Fraunhofer/
TNO-TPD (NL) RASP ]
A. Volker Kirchhoff
H. G. Schneider ZIELMA Kirchhoff
] FWG (GE)
Ch. Fiedler SYSNOISE BEM
% SE(sweden), CA(canada), AU(australia), NL(netherlands),
GE(germany)

Table 2.1& X &4 Kirchhoff approximation®] 7} o] A% =4 o]

= A AyAAEe] aFukg Al AF 7] wiEolty, alFEvha AJAE 9] =] e A



th B =EoAE o]gfdt Ho &7 3}e] Kirchhoff approximationg ©]-&3}o]
7 =1 =)

kel
A A& 22 a3 e 2@ HSEA
2.3. Kirchhoff approximation

EAGIA wAbE ARG RS A mel WAwE WA AR A(2.3)9
]

Helmholtz-Kirchhoff #&#° =& 3

9 e*zkr e ikr ol

Ul yYs < —f — - —
(myzt) 4 9{ 6n( r ) ( r o on }ds (2.3)
A7 Ulz,y,z,t)s ZANA dALE AlFIHEe] &9, U= 324 dHolA i
A S ke S, re 03 EA AR 9adte] A, ne WAYFES v e
o FwelA wkxld ¢k e e AdI 99 Fupgo] mE wkaAl

(reflection)¥+= HE7
(reflection coefficient) R¥} %2 #H 3, &l
CHE ®A xH HA weko =z Hu| FelH 2(2.5)¢ 2 2255 &3 2

(2.3)2 2(2.6)3 < 14} Kirchhoff approximation®. = %%

1o,
dlo
s
3
1o,
A |
o
R
=5
r-g{_r‘
%
4
Yo
O,

U=RU (2.4)

ol U

Ule,y,2 t)zﬁf{i U em)}ds (2.6)
Yz drJ \on\ 5 r .

US P2 X338}a, Fig. 2.39] 7|8t8H4 278 o83l U= Ao 24
Q2.7 ol TS £ glon, A(2.7)% o]&dle] A(2.6) A(2.8)3 T

Fresnel approximation® & 3 & ¥ T},

7, Dexp(—ikr,)
Us :pin(: ~ . . (27)

T.S




AZNM p,= SUSERE AR 24 9o &5 D 59 UEA

=
(directionality), r, & 7] A (reference distance), p,= 71 Agr, A< 7]

==

= &9 (reference pressure)S 2]mn|3tc},

_pOTOR 5 exp[—ik(r,.—i—rs)]
P= "4 /SD%{ T, (2.8)
A7t $93% B AR axdte) A, nE FA79 BA A% 24
o Az g ejna,
Receiver
Source
Fig. 2.3 Kirchhoff approximation| 7|5t&t& Z AL
@B FEAAE 20T WL ATeI] Fig. 239 1o 2 o
§31 AN WALS WrILGL 210 Yol 2AT 4§ g, o1 o
f3le] 2(2.8)% HFEAHoR A1) F3EAR R gdd })\E]' A(2.11)
o A9 FANIA THow N TH LW A4 axe ALE oulad.
exp|—ik(r, +r,)
W= [ ] (2.9)
T,
%V%—ik(cosqﬁl—i-cosqﬁg)W (2.10)
pr R, exp[—ik(r.-—i—rsj)]
P=—1 Y —ik(cosp, +cosg,) - ' (2.11)

j=1 rj sj



3.1. T2 7|8

x4 Fig. 3.14 Zo] =da(modeling), 7 = 2] (pre-processor),3=X| i

2] ol Z(numerical engine), % 2] (post-processod) #Fo 2 Yrojxm, ztzto] 3}
Ay 543 HE&Z2aWL Table 3.1 )

Table 3.2 FX|aiA njdY EXI} MgT2IH

244 £3 Agxz A
Solidworks

2= 2] 8] A1 F = o3 sara & AF =2 J ’
W FA A gge] B 24 7skstd 4 dielHE A4 Proe. Catia

she w4
° JAutocad, Patran

nele] 7atehA Alds BtE e R fefe] a4w #asHHypermesh,
Ax2 |& FAH(meshing), R FH Ex= WP 239 = 3|IDEAS, Patran,
2k f3k 845 A Gambit
2= ) 3| A ) ) \ Ansys, Nastran,
17 FAHA 7|HE o] &3fe] RES Aok 2 Sysnoise,
T Dytran, Abaqus
Hypermesh,

FA Y sidE AaE oY 7HA] BHes fdss I

[¢]

Patran, IDEAS

“Rloll A4 1

e R,

Modeling Pre-processor Nume_rlcal Post-processor
engine
- UAL-TS UAL-TS
Solidworks Hyper-mesh (Matlab) (Matlab)
R —

Fig. 3.1 FxlsiM7[He| i

B AesAa zeade Ange) EeEo] HAW Agxz Yol
Aot AME B AxZAd os) ARPe B Adee FAz wdew
Atk 2y AN A FAY BAL FANA e G AT w



T B3 AgAgH S A
g 5 B /e FHE 8T 3] Wid A AHE FFAY e A2 2 =
BME 2 9u7t gt 282 E UAL-TSE FX84 X33 38 fZ9S

23y, A8 %34S Solidworkss: A 2] #7442 Hypermeske AF-§3F%1 .

k¥l UAL-TSE Kirchhoff approximatior® o] €3 ¥ 2725 X
A TragRow LA dAF Zxg FAHL Matlabe z /| uErEgTh. UukE
© 2 Matlabe 3) @< 2H(colon operatod)] B3] FZAxY] AEE7L FHekd Ao
2 deAd 7] WZol5] FAlA Ao o] FBANCE A Hlow,
$x2 FAS Matlabe] W 29 & AES A

UAL-TSS] Fxlai4 Az 742 Fig. 3.2 2. UAL-TS= =AA dHoly wg
H(data transform part} 345 (analysis partg 4 %o dt}.

Holg W3R = HAzy == U< Hypermesk] o}27] dHo]E(ascii datag
Matlabe] wle]ulg] ® o] Ef(binary dataf $3tc}. o]dl WHEAAH S AX= olfFe= U
&% HolHY A% ofx7] HolEHEG uiolWd HolH I &%, +x A}, 34
&5 R A o]50o] A7) wfjFolt.

A= 2dz H3(euler transform),o < #] < =) 7 (shadow zone removal)ZA
(re-meshP] A FRo g FAL o) glon, zt7zto] Ex42S 3.1.1~3.1.3

R
2

S~
o

UAL-TS

|Data transform
l Bart

| Analysis

Euler Shadow zone
transform remove

Fig. 3.2 UAL-TSS| M X
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1 0 0
0 cosf sinb
0 —sinf cos6

[Tplo= (3.1)

‘ cosf 0 —sinf
(T.1°=| 0 1 0 (3.2)
sinf 0  cosf

cosf sinf O

[TR]ZZ —sinf cosf 0 (3.3)
0 0 1
[TR]ARB:[TRE[TR]S[TR]Z (34)

21(3.1)~2(3.3)> Z+7t x, y, z=oll Hist 3| xAWMF PHolt}. o] 5 2](3.4)} Zo]
FHAALES 3 A4 7|seE FASS VIFELE 5SS Y AuAzx T3¢
2ol Qlolol X2 3 HWE F 5 Q).
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3.2.2. €99 AA(shadow zone removal)

UAL-TS= A& ZHfree space)] A 2] Kirchhoff approximatio®. 2 23} 3139
AA 2 4 Abolo] Direct pathyto] 9lo] 1 #2X4(Eigen rayp] 3tuwt Exj3dc. 19

22 Yo EHS SRS o Holx o &9 A %(shadow zoned F 47
o] 7lodskA EFTh 4211014 costol &) LA Wi g 1A
R EAZE 71odetA EaAw Azt GES M SIAGL AA

& davt Ao

SgAAd] AA WHoTE EX F7HH 7 (object-space method) 37
(image-space methoel) 21 t}.[24] A TS EA9 EA4Y FEES Plusty &
FA e AEste Wy es T Y (back-face removad) ok IR FTIHLS T
% (projectionyd 2]zt 34 (pixe)HI A A SHAHES BEHst= WHOE Zolw
H (depth-buffer method) 7 A} ¥ (scan-line methody©] A t}h. UAL-TSo M= &4 &

45 WEH ra 44 £4e YAYWH 2o WHYAS o gt BEsow
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A,
2(3.6)% Fig. 3.9= A4 AWAH Ao B8 =A% AT e 4%
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29 QA AR 247t Aoz AAA R

- = A A
la—bl = \/(am _bx)2 +(ay —by)2 +(az —bz)2 < 77 3 (3.6)

Ax gz 277 viad FYdun AGE W $d A4 0z Wl A4H
£ Fig. 3914 A Q4 Az 8zl AFHH FHAelS Gy 2ROz

gobdith. 39 Az 84 WA AFAE ALE w 249 AA

A e 2819 Aite] FastA|T AF AL
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A 2 D
AB CcD
] 2
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Tz

Fig. 3.10 AX x| 4 M-0| 2 (bisection method)
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