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Abstract: In this paper we propose a kind of pre-processing method of conjugate
cyclic correlation. These methods make use of the information of the matrix of conjugate
cyclic correlation is Hankel matrix. Under the condition of low signal-noise ratio (SNR),
these pre-processing methods can improve the performance of direction-of-arrival (DOA).
Its effectivenessisillustrated by the simulation results.

I Introduction

Conventional array processing methods basically rely on the spatial properties of the
signals impinging on an array of sensors. In practice, using the temporal property of signals
can improve the performance of DOA estimation. Recently the cyclostationary, which is
signal temporal property, has been widely considered for signal processing. The
cyclostationary concept is first introduced into array signal processing by Garner and
Schell [1, 2]. Then, the Cyclic MUSIC (CM) and conjugate Cyclic MUSIC (CCM)
presented in [1, 2] accommodate multiple signals having the same cycle frequency. The
Cyclic ESPRIT (CE) is aso reported in [1], the method of spectral correlation signal
subspace fitting (SC-SSF) is proposed in [3], and the method of general spectral correlation
signal subspace fitting (GSC-SSF) is presented in [4]. In this paper, we proposed some
pre-processed methods called Hankel approximation method (HAM) by analysis the cyclic
matrix.

II Conjugate Cyclostationary
We can obtain the conjugate cyclic correlation of X (t) and X, (t) is defined as
in[3]

(’Z’) Z R —Jna(rpann) — ] 2nf, Tpnﬂqn Z R k—jn(2f0+a)(p+q—2)1n (1)
X 0%

n=1
wherethe o iscyclic frequency. We apply the lemma 1 of narrow-band assumption in [3]
to prove the equation (1). However, if we directly apply the assumption of narrow-band

s(t—tpk)=s(t—(p—l)rk)zs(t)e‘j“")(p'l)rk, then another the conjugate cyclic

correlation function of X (t) and Xq(t) can be given by

X Xq (’C) Z R P j2nfo(prq-2)r, (2)

We note the equation (1) and equation (2) is unegqual. But the two equation is
approximate equal if f, >>o . The difference of the two equations is exponential
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frequency. Therefore, we can conclude the relation of equation (1) and equation (2)
2th + 2 o
R;, ()~ ZR (g2 P2 —r(p+q-27) 3

The equation (3) is equal equation (2) when f = f,, and the equation (3) is equal
equation (1) when f = f; + o/ 2. Therefore the conjugate cyclic correlation of X (t)

and X,(t) isequation (3).

III The methods of conjugate cyclic cyclostationary
A new matrix Rz can be restructured, and the p row and the g column of the new

matrix is ij; (t) . Assuming the frequency f = f,, then we get

r“(O,r) r“(l\/I—ZT) I’“(M—lr)
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where R(a) is the matrix combined with signal function of conjugate cyclic correlation,

A; =[a5(0,).85(0,),+,a5(0,)] and a5 (0) =[Le *", . eI,
The above equation shows the matrix R(a) is Hankel matrix, whether the
frequency f =f, or f ="f,+a/2. Therefore, we can reconstruct a Hankel matrix

R, from R(a) in the minimum metric distance sense by solving the following
problem

min |R, —R()| (5)
where S, is the set of Hankel matrices. Now we introduce three Hankel approximation

methods.
1. Hankel approximation method (HAM)

The modified Hankel matrix R, hasthe entries given asfollows

1

1 "
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where M is the number of sensor, f; iselementof R(e), and fyy; =i, (i — jl).

2. Modified Hankel approximation method (MHAM)
From above equation, we know the essential thought of HAM is the average of

anti-diagonal elements of R(a). The new modified method will get if the elements of
R,, arereplaced by

Py (n) = p(n)e’”™ ™

where p(n) represents the amplitude of T, (n) and go(n) represents the phase of
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r, (n), and
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Therefore, other modified method will get by
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IV Simulation Result

In this section, two computer simulation examples are presented for showing the
effectiveness of the proposed methods. We compare the conjugate cyclostationary method
(CCM) and HAM pre-processing methods (HAM and MHAM). To examine the
effectiveness of the modified HAM and MHAM methods are presented for 8-sensors
uniform linear array. Two sources of same cyclic frequency were equally powered and their

bearings were fixed at 20° and 30°, respectively. One hundred independent runs are
performed for every experiment. Fig 1 shows the relation of estimation performance with
independent sources and SNR. Fig 1(a) shows the probability of estimation. Fig 1(b) shows
the relation of estimation error and SNR. Fig 1(c) shows the relation of estimation variance
and SNR. Fig 2 shows the correlation sources estimation performance. The coefficient of
correlation is 0.5. Fig 2(a) is the relation of estimation error and SNR. Fig 2(b) is the
relation of estimation variance and SNR.

V. Conclusion

In this paper, we propose the HAM pre-processing methods based on analysis
conjugate cyclostationary matrix. Under the condition of low SNR, these methods can
improved the performance of DOA estimation and the probability of estimation. The
simulation illustrate these pre-processing agorithms have robust performance.

References

1 WA.Gardner. Simplification of MUSIC and ESPRIT by exploitation of
cyclostationarity [J]. Proceeding of IEEE. 1988, 76 (7): 845~847.

2 SV.Schel, R.A.Cdabretta, W.A.Gardner, B.G.Agee. Cycli MUSIC agorithms for
signal-selective direction finding [C]. Proceeding of ICASSP. 1989, (4): 2278~2281.

3 G.Xu, T.Kailath. Direction-of-arrival estimation via exploitation cyclostationarity — a
combination of temporal and spatial processing [J. |EEE Transaction. Signal
Processing, 1992, 40(7): 1775~1786.

4 Jin Liang, Yin Qinye, Wang Yilin. The principle of generaized spectra correlation
signal subspace fitting for DOA estimation [J]. ACTA electronica sinica. 2000, 28(1):
60~63.

5 S.\V.Schell. Performance anaysis of the cyclic MUSIC method of direction estimation
for cyclostationary signals [J]. IEEE Transaction. Signal Processing, 1994, 42(11):
3043~3050.



6 S.\V.Schell. Asymptotic moments of estimated cyclic correlation matrices [J]. |EEE
Transaction. Signal Processing, 1995, 43(1): 173~180.

- S i N
2 ; —— FAMGON
é,E’ ! —— HEM.CCM —— LM
f # e DA == WELAMAOTH
= i —i~ HHAH-CCH
i nE
|
£ = /

ey
ﬁn £ @ & 10 1% m ‘I:I L] 10 18 m
EHR EHR
Figure 1(a) Figure 1(b)
11 | T =
| —=— HAW.CH
\ \ - GCM
1 —- WEAM-CTH
g i

na |

Warkanie
-
—
——
___.-il

b I| :k-

B,
N
':l L] 10 1% m
FHR
Figure 1(c)

Fig.1 the performance of Hankel pre-processing method , Source independent
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Figure 2(b)
Fig.2 the performance of Hankel pre-processing, the coefficient of correlationis 0.5
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