RFyeR e M08 A2E FANEUSEEA pp. 43746, 2005. 10

MUSIC &ag]gell o3 #ojn WA Aldbol a3 A+
284, 334 H4E, 99, 93, a9A’

s 2XaYstn

A Study on Calculation of RCS Using MUSIC Algorithm
Tian Ting Pang’, Jung-Sik Jeong', Sung-Hyeon Park’, Taek-Kun Nam', Jeong-Bin Yim’,
Young-sup Ahn’

*Mokpo National Maritime University, Mokpo, 530-729, Korea

£ % : dold B3 ¥ WA S RCS(Radar Cross Section)dl €j3le] ZAA gt d4bo] w3 kst B3 difye 173
FS9ol 93t RCSE AV A58 & o, PR} 2o B3 234 uiAe A E 355 A4 7Y F& 01§43}
o A HE FE T WO SR ANYeRE EF. B AvdAE $A059) HEE AR ¥4 $4Y 4 & MUSIC 23
YFE ol43d RCS #E Z2AHLZ 78 4 e d2AES AT AR PRANE Foln Exe 4BA9 PozA AR
gojt] EX2REH dAg NaEe] AFe FAH 42 AV BE3A Bk 2RH o2 AtE Held A3 rde] MUSIC @itgjEe]
Hg93, Hojd 2Ee RCSE Wee d5 Poz Axngd

Y8l - doly wA BEA, 23 E3 dnUF, R, wol] s, dold EX

ABSTRACT : The detectability of radar depends on RCS(radar cross section). The RCS for complex radar targets may be only
approximately ocalculated by using low-frequency or high-frequency scattering methods, while the RCS for simple rodar targets can be
exactly obtained by applying an eigen-function method However, the conventional methods for calculation of RCS are computationally
complex. We propose an approximation method for RCS cdlculation by MUSIC algorithm In this research, it is assumed that the radar
target is considered as a ring of scatterers. The amplitudes of scatterers may be statistically distributed. As the result, the radar
signal model is proposed to use MUSIC, and the RCS is calculated by a simple linear algebraic method,
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1. Introduction In general, when the radar target is irradiated by the radar

transmitted signal, the energy will reflect and scatter to all

The multiple signal classification (MUSIC) algorithm has sides of the target. The RCS is an important measure for
been well known as superresolution technique for estimation identification and classification of a radar target. The RCS
of spatial parameters of receive signal in array signal 1Or complex radar targets may be only approximately
processing(R. O. Schmidt, 1986). It estimates the calculated by using low-frequency or high-frequency
DOA (direction of arrival) of the incoming signal and analyses ~ Scattering methods, while the RCS for simple radar targets
the distribution of the signal power. Especially, the MUSIC ~can be exactly obtained by applying an eigen—function
has been effectively used to enhance performance of a radar method(W.L. Stutzman and G. A. Thiele, 1998). In practice,
signal processor(Hamid Krim and Mats Viberg, 1996). In the conventional methods for calculation of RCS are
radar system, the detectability of a target depends on the computationally complex. The MUSIC algorithm for RCS
RCS(radar cross section) which denotes strength or weakness /measurement has been proposed by Horiuchi et. al, as

of the target scatterers(M. L. Skolnik, 2001). shown in (Horiuchi et.al, 1998). However, the technique uses
GTD(geometrical theory of diffraction) to obtain reflection
«“NEAZ FHYAY) Upang@mnmacks  061-240-7238 coefficients of scatterers, and then the RCS is calculated by



MUSIC..

This paper proposes an algorithm for complete calculation
of RCS by MUSIC.
assumed as a ring of scatterers which is locally distributed
and has statistically distribution. A statistical nature of the

In our research, a radar target is

scatterers depends on a radar target(Bassem R. Mahafza,

2000). The scattered signals consist of many elémentary‘ plane
waves. In radar receiver, all the scattered waves are spatially
distributed with angular spread. Under this assumption, the
radar signal model is established. For the proposed signal
model, the MUSIC algorithm is applied to calculate the RCS
of the radar target.

The radar signal model and the MUSIC algorithm are
described in section 2 and section 3, respectively. In section 4,
the method for RCS calculation is suggested by using the
result of MUSIC. Finally, we have conclusions in section 5.

2. Radar Signal Model

In radar system, the radar sends a signal toward targets. -

When the transmitted signal reaches the target, it will reflects
back to radar, as shown in Fig. 1.
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Figure. 1 Reflection of Radar Signal

However, the transmitted signal is scattered at the surface
of the target and the reflected signal consists of many
scattered waves. When the reflected signal retumns radar, the
receiving signal will be summation of many scattered
elementary waves. Herein, consider the case that the
narrowband signal s(t) is transmitted and its scattered
waves are received at radar with N antenna elements. The
received signals may be modeled as a superposition of a large
number of independent and identically distributed (i.i:d.) plane
waves, which consist of coherent waves. A statistical nature
for amplitudes of the scatterers depends on a radar target.
With respect to the received signal, the spatial signature
characterizing radio channel is given by the linear
combination of the array response vector. Each scattered
wave has a different DOA each other, as shown in Fig. 2.
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Figure 2. Radar Signal Model

3. RCS Calculation by MUSIC

The received signal vector, z(t) € C¥*!, which is
observed at array antenna, is modeled by

z(t')=iﬂka(9+ék)s(t—fk)+n(t) W

where

j%(—r-dooSG —j2T"d(N—- 1)cos8

a(8,)=[le

By, : reflection coefficient with complex amplitude of the
k-th scattered signal.

K : total number of scatterers around radar target.

a(6+0,) € C¥ : the array response vector with DOA

]T

’

6+0,.

0+8, : arrival angle of the k-th scattered signal.

0, : the angle deviated from the DOA 4.
T ° the time delay of the k-th scattered signal.

n(t) € C¥! : noise vector.

If the time delays of all the scattered signals are
negligible in comparison with the reciprocal of the
bandwidth of the signal, the approximation s (t —7.) = s(¢),

k=1,---,K can be applied to Eq. (1), which can be

rewritten as

2(0)= 388 (0+0,)s()+n (1) o

=vr(t)+n(t)

where v € CY*' denotes the spatial signhature characterizing

the radio channel with relation to s(t), and
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v = 2a(9+0k), (3)

r(t) = gﬂks (®). @

It may be observed from Eq. (4) that the received signal
power will be determined by summation of K scattered
waves and varied with the instantaneous realization of the
spatial signature. Assuming that the noise for each array
element is uncorrelated with the signals, spatially and
temporally white, and has its variance o>, the ensemble

averaged covariance matrix R € CV*¥ of z(t) is given by
R=E[z t)z'(t)] = ocwv' + 2T ®)

where (- )! denotes transpose and complex conjugate
operation, o2 = E[ | r(t)?| ] denotes the average received
signal power, and I € R™¥ is an identity matrix. From M
observed samples, B can be estimated by

R= M z(t )zt (t,)- 6

Here, note that if M—co, B = R. Provided that the matrix
R is available, the MUSIC algorithm is described as
follows. The eigen-decomposition of R is given by

N
E 16131 + o .E'N‘E't (7)

e — — 2
==y =02,

Al > Az = As
are the i-th eigenvalue and the i-th

where Ey=le,,- - ,enl,
and A, and e;
normalized eigenvector of R, respectively. The matrix,
E=le, Ey] € CY*¥Y

and forms an orthonormal basis, ie, E'E=1. The span of

, is composed of N column vectors

E; which is known as the signal subspace is orthogonal to
the noise subspace spanned by E,. It is clear that the

Based on this
concept, MUSIC finds the noise subspace spanned by Ej. In

signal subspace is also spanned by wv.

the absence of noise, MUSIC finds v that has intersection to
the signal subspace, and then extracts the DOA. In the
presence of noise, however, there exists no spatial signature

that maps completely on the signal subspace, or which is
orthogonal to the noise subspace. For this case, MUSIC can
only find the closest to the signal subspace. Now, the cost
function of MUSIC can be defined as

| B | ®

80 ="9,Tz

®
where E,, denotes the noise subspace, and | « |? denotes
the Buclidean norm. Thus, MUSIC finds 0+6,, which
locally minimize f(9+86,).

4. RCS Calculation

With the estimated DOA, 9’+ék, the spatial signature
may be calculated. From Eq. (5), we have

ol=(R—-2N(w')™ L ©)

In Eq.(9), the calculated o? corresponds to the reflection

strength the of a radar target. If the number of radar
targets is P, Eq. (2) can be reformulated as follows.

2()= 3] D@ +IIE0 00

=Vr(t)+n(t)
where V= [v3, 0y, +,vp], 7 (¢) = [y (), - 7o (2)]"-
Therefore, the covariance matrix of z(t) in Eq. (10)
may be used to estimate the DOA of targets. Finally,

the RCS for all radar targets of interest may be
calculated by

R=VV)" "V R-0oX)V(VIV)! 1

where R,=E[r(t)r(t)] € C**F. The

components of R,

diagonal
correspond to the received signal

powers which are scattered from all targets around
radar.

5. Conclusions
RCS is an important measure for identification and
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classification of a radar target. An accurate prediction of
target RCS is critical to design and develop robust target
discrimination algorithm. Traditional methods to calculate the
RCS require very complex computation. In our approach,
MUSIC algorithm for parameter estimation of the received
signal was used to calculate RCS. For this, a radar target
is assumed as a ring of scatterers, which may be
statistically distributed. Under this assumption, a radar
signal model is proposed The spatial signature of the
received signal is estimated by using MUSIC.

Finally, we provide the algorithm for RCS calculation by
using linear algebraic method. Further study should be done
to evaluate the validity of our algorithm and compare the
proposed method with conventional techniques for RCS
calculation.
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