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ABSTRACT

Simulation of the target-scattered echo requires the understanding of scattering mechanism at the highlight points. 
In this paper, the basic assumption of Highlight Model is reviewed through the analyzed data obtained in the acoustic 
water tank experiment. The analysis shows that the scattering mechanism involves pulse elongation and frequency 
shift as elements of target-scattered echo, and that the internal structures affect the temporal response of the tar

get-scattered echo significantly. The band-limited impulse response or Green's function due to the diffraction from 
highlight points of internal structures is not mere delta function, but acts like a filter, which causes frequency shift 
and is elongated in time.

요 약

능동소나에서 표적에 의해 산란된 표적신호를 합성하기 위해서는 반사점 (Highlight, 이하 HL) 에서의 산란현상의 이홍！]가 

선행되어야 한다. 본 논문에서는 음향수조실험에서 얻어진 자료를 분석하여 盘적신호를 특징지우고, HL 모델의 기본 가정 

의 타당성을 검토한다. 수조실험결과는 산란신호가 시간영역에서 신장되고, 도플러효과가 나타나며 표적의 내부 구조형상 

이 표적산란신호에 직접분!사 이상의 영향을 미침을 보여 준다. 이는 표적산란 신호의 합성에 있어서 사용되는 충격응답 또 

는 그린 함수(Green's function)가 단순한 델타함수가 아닌 필터역할을 하도록 시뮬레이션해야 함을 보여 준다.

I. Introduction

In order to simulate the target-scattered echo, 
two kinds of approach are used. One is to model 
the reflected and diffracted returns from the indi
vidual components of the complex structures and 
to add up these returns coherently [1]. The other 

is the Highlight Model which represent the retur
ned sigiiai by source signal convolved with the high
light point distributed over the target [2, 3, 4j. 
For the development of Sonar system, the high
light model is widely used to represent the tem
poral and spectral features of echoes scattered by 
the submerged object in the water.

Highlight Model that consists of a series of sep
arate single delta functions is equivalent to the im
pulse response of rigid bodies, of which 나此 scat- 
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tersng mechanism is well described by Freedman 
iS 6], When the rigid body assumption is relax
ed, the details of external geometry as well as in
ternal structures are important making scattering 
mechanism very complicated, and very few ana
lytic solutions for simple bodies exist. Therefore, 
from the view point of simulating the target-scat
tered echo, it is necessary to parameterize and 
simulate the essential features of the signal since 
the target echoes vary with detailed structures of 
the target and behaves like fluctuating target. 
Such features are pulse elongation, Doppler shift, 

and strength of the echoes.
The objective of this paper is, therefore, to re

view the basic assumption of the HL model through 
the analyzed data obtained in the water tank ex
periment. This paper consists of four Sections. In 
Section II, the experimental setup and descrip
tion of the water tank experiment are introduced, 
and the essential characteristics of the echoes are 
discussed. In Section III, in order to analyze the 
data, the deconvolution techniques in freq니ency 
and time domain are discussed. Through decon
volution, imp니se response is obtained and inter
preted to give insights to simulate the response 
of the highlight. Also, the method to estimate 
the optimal time series to simulate the Highlight 
using deconvolution in time domain is suggested. 
Finally, summaries are fo니nd in section IV.

II. Experimental Setup and Data Interpretation응

2.1 Experimental Setup

The experimental setup for acoustic water tank 
experiment is schematically shown in Fig. 1. The 
dimension of the acoustic water tank is 18x10x10 
(m), whose reflection free time is about 6.6 msec. 
The target is positioned at the same depth as the 
projector and receiver. The returns from the in
sonified length of the target is within the reflec
tion free time, eliminating the interference with 
the boundary of the water tank. In order to see 
the change of the echoes due to the internal stru

cture which is stiffener for this case, two types of 
target are used, i.e. N-target and S-target (Fig. 
2). Two targets are geometrically similar, except 
that there is a stiffener in S target.

A series of scattering experiment for different 
aspect angles using CW and FM source signals 
has been conducted. The definition of aspect an

gle is 아iowh in Fig.3, and the CW and FM source 
signals in Fig.4. Since the dimension of target is

Fig.2 Geometry of the targets (a) without stiffener (b) 
with stiffener.
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131.3 cm and the distance between mono-static hy 
drophone and target is 3()() cm. the projector and 
receiver is in the near field of target Therefore. 
the target strength measurement is not quite mean 
ingful. However, the time series reflectb the ueai 
field situation for large targe in the close range.

•VS*" “o

Fig.3 Definition of aspect angle

2.2 Data Interpretations

The types of source signals are used in this ex
periment ,which are CW and FM source signals 
The temporal and spectral plots are shown in F'lg. 
-1. The spectral band width of FM source signal is 
much broader than that of CW source signal.

In Fig.5, the echoes of CW source signal when 
aspect angle 0 = 3(广 is shown. The echo for S tar
get shows secondary radiation. The secondary radi
ation shows significant frequency shift as shown 
m Fig.6(b) and in Fig.6(c). There are two poss
ible explanations for the observed Doppler shift. 
One is due to dispersion experienced while the in
cident wave propagates over the shell. The other 
is contributed to the directivity of the highlight 
points, that is, the directivity is dependent on the 
frequency. Since the exact measurement and the 

Fig.4 Source signal (a) CW source signal (b) spectrum of CW source signal 
(c) FM source signal (d) spectrum of FM source signal
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ex;ict Mattering solution for this geometry do not 
exist, the complete explanation for the doppler 
shift is further to be studied.

In Fig.7, the echoes for the aspect angle of t) 
：«)' is shown. In this figure, the return from the in 
ternal structure is even stronger than the returns 
due to specular reflection. However, this obser 
vation migh not. be general for targets with dif- 
fereni proportionality between specular return and 
secondary radiation.

From the view point of simulating target scat
tered echo, the data suggest definitively the exi- 
stance of pulse elongation for different aspect 
angle when there exist discontinuity of internal 

structures, and the frequency shift of the second 
ary radiation.

OANCL030.RCV K・M.U. UU

(b)

Fig.5 Echoes tor CW source signal when aspect angle 0
= 30’ (a) N target (b) S target

(c)

Fig.6 Spectra of secondary radiation in Fig(5.b) (a) 1st 
window (b) 2nd window (c) 3rd window
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Fig.7 Echoes for FM source signal when aspect angle 0 
=仃

DI. Acoustic Impulse Response of the Submerged 

Objects

Deconvolution method is widely used in the 
system identification of physical system. Some of 
the examples especially in wave propagation in
clude deconvolving the received signal to find the 
Green's function (or, band-limited impulse respon
se), where least-squares inversion method is used 
[7, 8]. Clay used z-transform to estimate the sour
ce signature in the bedrock sheet wave g니ide ex
periment [9, 10, 11]. As pointed out by Clay [11], 
the deconvolution by the polynomial division is 
not stable and vernerable to the noise contami
nation.

In this section, the deconvolution methods us
ing FFT and least-square inversion are briefly re
viewed 겄nd applied to the experimental data. In lp 
deconvolution, 力M2, l> corresponds to least
squares inversion. Since it is well known that the 
least squares inversion is most rob니st for the ex 
perimental data set which might be "inaccurate, 

insufficient, and inconsistent.'' according to Lin
es et. al [12], the least-squares inversion is con
sidered [13].

Throughout the deconvolution experiment, it is 
assumed that the received signal is obtained from 
the convolution integral.

尹(F) = I G(r, t \ r \ tT W (1)

'^'here G i /■, i . r , / ; is the Greens iuiiction with 
point source at r, with receiver at r. The impli 
cation of this assumption is that the system re
sponse is linear and time-invariant. Since the wave 
scattering mechanism involves the elements of 
nonlinear and time-invariant. Since the wave sc
attering mechanism involves the elements of non
linear and time-variant characteristics such as di
spersion, this assumption is not quite exact to the 
real world. Nevertheless, the linear approximation 
is widely used, and we will proceed to the data an
alysis based on the above assumption.

3.1 Deconv이니tion Methods

• Decon voltion by FFT

In linear system, the received signal r(t) is ex
pressed as the convolution of source signal s(t) 
and impulse response h(t), i.e.

r(/) = J s( —t) /z(r) dr (2)

In frequency domain,

R(a))=SS) - H(G (3)

Therefore, the deconvolution formula in fre
quency domain is simply

,)RS
(4)

In the noisy environment, the received signal is 
expressed as follows

R(co) = .S(w) , + A7(co) (5)

When the denominator in Ee(4) gets small, Eq 
(4) reduces to

R(s)S*(a))
(7)|S(w)|2 + |At(w)I7B2(co)
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• Deconvolution by least-sq니ares inversion

Suppose the source signal s(t), impulse respon 
se h나'}, received signal r(Z), and the estimated 
received signal (model response) /(/) are expres
sed in the discretized sequence as follows 

s col (，，s2, S3, •••, s"
h — col (知，h2, h-A,…，h„h)

r = col (尸i, r->,厂3, rnr)
f=co\ S, f2, …，fnr)

The response in convolution form is

r = s h (9) 

and, equivalently in matrix form when ns<nh, sh 
=尹(now, s is the coefficient matrix defined Eq 

(10)), that is

As well known, Eq(10) is an over-determined 
system of equations since the coefficient matrix 
is nrxnh and nr = nsJrnh~l. The deconvolution 
problem is, for given s, to find impulse response h 
that minimizes the cumulative error el e, where

e^= r~sh (11)

In order to minimize the error, Gauss-Newton 
approach is employed. Now, we define h{) as an in
itial estimate of the impulse response and /° as 
corresponding model response. Then, the model 

response is expressed in the Taylor expansion.

血 广f i
스 L<12,

Defining the Jacobian matrix Z as

, (13)
chj

Eq(12) in matrix notation is

/=/，+ & (14)

Using these notations, the expression for the 
squared error is

e = r — f
=尸一(舟+肅) (15)
=g~Zd

In order to minimize the cumulative squared er
ror,

q(仑丁 o a으*으=£莒一&产復-&)=() (16)
co co

Eq(16) reduces to the following equation.

Z6 = g (17)

Eq(17) for d is efficiently solved by Singular Val
ue Decomposition, and the impulse response that 
minimizes the cumulative squared error is found 
from五=钟+汉

3.2 Data Analysis and Interpretations

The recorded signals in the acoustic water tank 
experiment (Fig.5) is deconvolved with source sig
nal (Fig.4(a)) to give band-limited impulse re
sponses shown in Fig. 8. Obviously, two distinct 
features are noticed. One is that there is a strong 
return due to the stiffener of S-target, which is 
contributed to the diffracted energy of the trans^ 
mitted energy to the cylindrical shell. The other 
is that the impulse responses at different time have 
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different spectral characteristics, and accordingly 
different temporal shape. The impulse response 
of specular reflection has a well defined pc-ak. 
while the second and third peaks are more snie 
ared as the arrival tin比 is delayed. Tins effect e 
contrubuted to the propagation effect such as dis
persion, that complicates the impulse response.

The relatively wide band impulse response of 
specular reflection using FM pulse (Fig.4c, 4d) is 
obtained by deconvolving the received signal (Fig. 
7) for the aspect angle of and shown in Fig.9. 
The result suggests that the highlight model is 
efficient to represent the scattered echo for the

Fig.8 Impulse response when aspect angle 8 = 30° (a) N 
target (b) S target

case of specular reflection.
It is noted that the number of highlight points 

required to simulate the returns due to diffraction 
at the internal strunctures increases as the scat
tering meclidiiioiii geLi cuiiiplicdted. The optmiai 
shape of the time series for given number of de
lays to simulate the highlight points can be best 
determined by least squres inversion. It is equiva
lent to designing a filter with limited number of 
time-delay elements.

Fig-9 Impulse response when aspect angle 5 = 0°

IV. Concl니sions

In this paper, the temporal and spectral chara
cteristics of echoes scattered at the HL such as 
internal structures are examined in view of simu
lating the target-scattered echo. The experimen
tal data suggest that the target signal is elong
ated with secondary radiation due to the internal 
sturctures. Therefore, the target scattered echo 
should be modeled as the spread target in space 
rather than the point target concept. Also, the 
analyzed data show the scattered signal is not 
exactly the time-delayed and distributed summat
ion of replica, but show significant doppler shift 
varying with time. In order to find the impulse 
response, the experimental data is deconvolved to 
give band limited impulse response in time do
main. The impulse responses show that the High
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light Model can E expanded to accommodate the 
frequency- shift with a series of delta function. 
However, the nonlinear and time-variant nature 
of dispersed signal and the reletive importance of 
different type of scattering are to be further un
derstood and simulated. Also, it is noted that the 
temporal and spectral characteristics of scaled 
target in the water tank experiment can be sig- 
nificantly modified when applied to the full scale 
target. Doppler shift observed in the experimen
tal data can be possibly used for the Target State 
Estimation(TSE) and for discreminating Acoustic 
Counter MeasurestACM).
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