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Computationally Efficient Algorithm for Target

Echoes

Kim Dong Hyeon

Department of Ocean Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

In order to simulate the target echoes scattered from submerged
underwater objects, Kirchhoff approximation is widely used for high
frequency region. Since Kirchhoff integration is based on integrating the
contributions from discretized boundary elements, the computation can
be time-consuming especially for broadband pulses. In this thesis, a
numerically efficient method for generating the scattered signal in time
domain based on convolution is proposed and tested. It it shown that the
computational time can be reduced by an order of 10~100 in typical

cases.

KEY WORDS: Kirchhoff approximation, 34 1/3F5-, compact
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A 2% Compact

21 A F3 (el€Hl (2013, p. 58~59))

open set?} closed setS A o387 Mol Ao Qg AglFztel thsh
A s ARtk AEte 4o dg /Y X9 44 1z, oy, 29
sl 22l Agrh X9k Xof A F3%E vele FFEA oy 4
AEL ET o, JFH FFE FolAl XE AgFtolzta Hodth
A FHE (X d)EA FGeHA R3] = S

dz,y)>0ifz =y

da,y)=0 = z=y

d(z,y) =d(y,z)

d(z,y) < d(z,2z)+d(zy) (2.20)

AZNA dlz,y)e FEHE FAA £3 dH F A 1, yAtole] A

2 ole g,

A& X7 AYEH A prt A WF-Y 3 Holztal Fod
sl H}



2.2 open set¥} closed set (°1<Hl (2013, p. 58~59))
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Mot o
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Eoll 22tee] e HE=EA, £ 7HE b Holzta A

o 23}
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T Ut Sl A Eol S & Ja ¢ 94F =

)

s
rr
=

o] Eol E0]7HA] @O H EE open seto]gtal dTh =, open set

gole] el e om ol Bl ERHE He B

o

open set= E¥sl= 1Y olal, Fig. 21 (b)= closed set

F£d3 adolth o] Z7Zt open ball, closed ballo]2til TS %

Blp,r)={z=X | d(p,z) <r} (2.22)
Blp,r) ={z€X| d(p,z) <7} (2.23)

21(2.22), 2 (2.23)2> 217} open set(open ball) closed set(closed ball)=
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2.3 bounded set (°]<H] (2013, p. 50))

A Aol FEAY 7 3Tl okdEta & 45, A 7 A
st dojo] zego] Wty < pE WS S= fE fAS Tt
o, BE 59 “’$A (upper bound)”Eal Sk}, Il A art EA)5H
P zeS tste] a<zE WSEH S= olE FAZAL ¥, o
& 59 “3tAl(lower bound)”e}al FHoh WEeE ST} |2 fAo]HA of )
2 A S= “#A Ht(bounded set)’oletil FHrh.

bounded sets Z#2Ao= Azstd {33 FIHE 7R Aol
AAE = AT &, 7 BEx Faste HEeR o

BEEACE

24 Compact
Aol A Fr NdolA Heine-Borel theorem< closed set¥}
bounded set& compact®} A#AAFE FLIF} Atk FEHE I
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S+ compactdtth.” g2k Zl©| Heine-Borel theorem©]t}.
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gt $214157F compactgte 42ES TS
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P, =Hk)=ik(ABe ™"+ ABe " 4ok ABp ") (3.2)

0:]7]/H A/ Bm(m:172a"'7m :L‘:q:ﬂ- .%‘d’m(m: 1,2,"',1‘4)'19: Z‘l]‘ZJl‘
P\R\C.  cosd, ,, Tcosd; ,,
47 7 R

s,m= i,m

AS 2eal r +r 5 YERITH

1

o

4 (329 e A WA ol gate] Felo] MI TS 2 gatw

O
"

z'kABle_ikm‘“ ZABl/‘Oo %(5(:5—%71))6_%%33

d
HABI% (5(:U T, 1))

h(0) = ABy o (3 — 1))+ ABy o (8w —2,)++ ABy o (3,1

(3.3)
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s(t) k h(t)
d
= 5(t) | AB (e =24+ ABy o (z—1,,)

= (1) % AB - (da =y )V () % ABy o (e —1) (3.4)

AbEEE A Ase v E7HE3H7] wiEoll smoothdtal, closed set¥
bounded setg EF TFE3IEE, Heine-Borel theorem®l 2]3l] compactd}
THI. Kenig, et al. (2004)). wetA 69 A& F 3Rl §' x f=f x5
Agd 7 Atk A B4l olHIF xS HEEH HFT BARNMGSS

4
FES 5 Ak

s(t)  h(t)
d d
=s(t) % AB,——(3(x — zgy ) oo+ s (O % ABy - (0=, 1))

=5'(t) % AB|(6(z —xy,))++s (t) % ABy(6(z— xd’M)) (3.5)

34 F FYAY G4 g v
3

Ao A A4t 3¢E vlwsty] Ao FLOPY 7dE WA A ost
2 %t} FLOP® FLoating-point OPeration®] A=A, B Q3F A4k
TS UBe 98lolt. o @e ©es sstts AT =N &
Edess ‘/}EPWL Afs 9@ F gloy, Z2a8s 87] Ao &

= vlg A=sty] A F= *}%Q% Sefolth. & /Qoﬂ



FLOPO| aj&dtt. 7|4 N2 F3 bin FE 9P| = AR,
b Sl
&

st

R)/ COS¢s,m+COS¢i,m/ xdm% _T_L_i_'lﬂé][ LHOﬂ/\‘] %%—S.ﬁ\_i/\‘] ?__/1‘__
A ALsta M2 AR AFE oty ol#R 7] =1 9l
7t G e) A4 A54E MAHES BT}

WA 3 GGl A4t A4S TE A AHS HFSA A
g 3t¥ Fig. 3.

st A1 Aegrr A4t 19, Hag A4t 1
J

s
o] AA FLOPL (16MF1) FLOPe] ®Hoh Zgjar —7F FafAHEA 9
FLOPo] F7lg o 24, O 4 ¢ FLOPS & (16M+8) FLOP|t}.

@W #4L O FAHS FIF bin/275HE "BHESmz @ 471
2 2] FLOPS % N(8M+4) FLOP®|t}.

OW H8L Hag WA T35 bin/27]e] 845 S st=
oJEB & 6N/2=3N FLOP°| F7}&t}t TIglal @ oA = Y=
9 bin 84l #& Y& FFOEA N/2 FLOP®| F71Eth mpxo
Z @O AAHE AAH F3 F4l AEE inverse FFTE 3o ZH
2Nlog,N FLOPo| F7}€t},

A

AzHoz, OV HARE OW HYAA AYAEA A4" EF FLOP
o oue} 2.

N(@8MH+17.54+2log,N) (3.6)
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@ delay/1500

@ | For 1: 315 bin 7f<=/2 |

) delay — mod(delay, delt)
i g —ier i @ iﬂl-md.( delt )
@(Z = cosﬁ‘z_\.s)—a s

: © 4TS

ik ®
® S(w) X H(w) =R(w) @ Sum of amplitude at corresponding index
@ Conj(flipln) End
® ifft(R(w)) ® (s(t) = h(£))/1500

(@) T F4 (b)

@ FAHL A AA ol gis] AdFs A AEH A dYE=
HAHo=ZA 1 MY FHa, @ AAHS T MH grE=EEZ2 O 3A
BE ®WH FA7A M FLOPO| T}

fl

mAEte g2 ®W AAHANAE NS} &
P, A Z2IM matlab W
convolution &118]&”S AF&3lal o}t “a14: convolution YIlg]E” 9]
& convolutions ZPst= F ASE FFTsIAL, T3¢ FIoA F&
gk 3o, miA|9to® A Inverse FFTE ZdYst= darg]Folth(The
MathWorks(2007)). @™ekAl FFT <d4F 3¥¥ B4 A4 2N-1)Ro|E=
®W FAo A2 FLOPL 3((2NV—1)log,(2N—1)+4N—2) FLOP®|t}.

AFHoz, DU FHRE O F374x AYHPA ALE F FLOP
e ohes} 2t

_13_



3(2N—1)log,@N—1)+4N—2)+11M (3.7)

o
i
A
N,
N
k1
>
»D
o))
k)
>

3.7)9] ¥lE YehidE a3 2o s
% 2ol w2k NI Mol HlgsiA SUHE . F, 2N-1
& ansh Z2ua B 5 9L, log(f (W)l siFEte e Al
o] YrolxA "ty I Ay 1Fu ANTE AMET A Fos FGoA
i < )

S5
o] A4t e A YA At Sl v BeS & F Atk

FLOPs in freq domain

FLOPs in time domain (3.8)

B N(8M+17.54+2log,N)

 3[(2V—1)log, @N—1)+4N—2]+11M

B N(8MH+ 7.5+ 2log,N)

- 2N—1 2 M

N[3( v log,(2N— )+4—7V)+11W}
8M+17.5+2lo

~ &N oN— 1N %xo)

3(2log,2N+4)+ 11—

A A2 B33 FEE Holdlo], A&EA BVt o Hu. weEbA
S5 A9E AE S04 dat 35 Aol HlustaA ok vk N
o] LWAF YL, M — 0 ALY o, 9o e AsThE ol s}
2.

. 8M+7.5+2log, NV 8N
lim = (3.9)

s M 11
Vi 3(2log, N+ 4)+ 1
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time freq Hz]

r(t)=s(t) * h(t) (3.10)

= 4dncosdnt *k 6(t—1)
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sxgnal (using response ftn)

stgnal (using response f‘tn)
151 —delay 1.0 sec || 151 —delay 1.0 sec ||
77777777777777777 =287 S e TR LT
/
107 7\ /\\ --—-12.57 i 10f /\ ['l‘ B AT
o 5 / ! I/' \ o 5f ) \ )'f
D '\\ | \/ T | /
Eol [ | [\ £l [} [
£ . £ \
& 5 | © 5 | /
\ ‘ \
A0t / Y -10¢ J
-15 -15¢
1 15 2 25 3 1 15 2 25 3
time [sec] time [sec]
(a) (b)
s:gnal (using response ﬂn)
e delay 1.0 sec ||
== 28T
--—-12.57

amplitude

1 15 2 25 3

time [sec]

()
Fig. 3.6 3 tho] mE sid= 2d3

B3l (a) 1.22Hz ~ 6.1Hz

(b) 1.22Hz ~ 3051 Hz (¢) B F3 Y

-J—L_T

ifft vs conv. ftn
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Appendix

A. flux (Halliday, et al. 2006)
fluxes AA7|golA He Fdstes Hats9 259 7|94 o
< Ymst= &ojolth. ol frAlS #HoR H—i% st WS e
TAe B &, fFAlY R E uists FEFoR 4T 5 St
F
= n
s 8
|
|
|
I
Fig. A.1 Flux
=3 2

Flo,y,z) =

Playy,2)i+ Qlayy,2)j+ R,y 2)k
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B. Gauss’ law (Halliday, et al. 2006)

flux¢} PE7EAIE Gauss® W22 AA7|SHo A AHEEHE §ofolth
Gauss®] H= & Awslr]o A Coulombe] HAE WA HAHsr|2 g

}.
= A (& AANA e HHst ¢l o
st ol #&ste H71Es
%

| gkl
Argsts AAZIsteA o] 722 Q] Aot Coulombe] W2 ok A

=49 (B.1)

S71H 7 ro WHFMEEA p/rsh 2T 23 e HAF gHE A
dsk QAA S A8l 2 BE&FES YER = HEolH.

F=QFE (B.2)

—

Coulomb®] HZ 2 2] (B2)E o|&3td ¢l o3l A== 71 Eo
A 282 4 Aok 4 (B2)E 2 (B1)ol A&t o3 o

=L (B.3)
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Guass® W22 Gauss HS Fdst= A7184d9 b}l Gauss HO
2 YA ERHE3E) g, Al BAE YEE Ao 24 gy
t}.

Gorar = €0 X fluzx (B.4)
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C. Cauchy’s integral theorem (Kreyszig, et al. 2006)
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D. Kirchhoff approximation (Medwin & Clay, 1998)

D.1 Theorems of Gauss and Green
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Fig. D.1 Geometry

D.2 The Helmholtz - Kirchhoff integral
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