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Abstract—In this paper, a novel algorithm for two-
dimensional angle estimation with uniform circular array (UCA) II.  MODEL FOR UNIFORM CIRCULAR ARRAY
based on independent component analysis (ICA) is proposed. SIGNAL
First the linear mixed signals are separated by ICA. Then,
separated signals are used to waveform matching filter with the
original mixed-signal. Next, The array manifold is obtained with
permutation and scaling problems, using the first rows to divide
every rows, and using angle algorithm to the modify manifold
matrix, obtain the angle information by the least mean square
algorithm, thus pair-marching for elevation and azimuth
automatically. Finally, Monte Carlo simulations show the
effectiveness of the proposed method.
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Fig.1 Uniform Circular array Configuration
The received signal can be written by:

L INTRODUCTION

N vy .
Direction finding (DF) using UCA (uniform circular array) X (t)= Zej 7o ak)sm(%)sn (t)+v, (1) (D)
has been discussed in many literaturesl-7, there are many n=1

methods to solve this problem, such as multiple signal t=12,---,T k=12,---,M n=12,---,N
characterization (MUSIC), ESPRIT based on MODE and so on. ’ ’

As ESPRIT method uses the approximation of Bessel function Where: T denotes the snapshots, M is the number of

at moderate number arrays, it can not work at less arrays; arrays, N is the number of source.

MUSIC method uses the orthonormality of the signal’s Assume that the received signal is ergodic in time domain,
subspace and the noise’s subspace, thus it needs moderate the noise is white in space-time, that is:

arrays. In literaturel, a closed form splution for DF is.proposed E {Vk (t)y, . (r)} - 25(k —m)s(t-7)

by using the symmetry of UCA, but it can only work in case of " ! ()
one target. A new DOA algorithm based on ICA is proposed in E {Vk (), (7 )} =0

this paper, which can be used in multi-target, and' pair- The signals have the property:

marching for elevation and azimuth. Assume that the signals . 5

are uncorrelated, separating the signals by ICA from the mix of E {Sk (t)s, (7)} =0,’6(k-m)s(t-7) 3)
arrays, using the separated signals and the received array E {Sk (t)s (r)} -0

signals to find the array manifold, and the azimuth angles and ) ) S

elevation angle can be obtained by least square method. Equation (1) can be written in matrix form:

This paper is organized as follows. In section 2, the model X(tQ(PSA( ’V) (t)+ (t) @)
for uniform circular array signal is given. In section 3, the Where:_ i
proposed DF algorithm based on ICA is presented. The @wqe,f”\ Jing 1 es(ly-a)singy 12 sty - sy
perturbation analysis is presented in section 4. Computer ¢’ e’ e
experimental results of the algorithm proposed in this paper is ]?ws(ﬁ,f{zg)sinw‘ 2 cos(6y -2 )sing, T2 sty -2 )singy
also presented in section 5. Finally, our work of this paper is Alg, )=| &’ e’ e ®)

summarized in the last section.

21 . 2 . 27 .
]%rcos(ﬂfaM)sva j%cos(&; —~ay Jsing, Jfrcos(ﬂN —~ay )singy
A A . )

© 2015. The authors - Published by Atlantis Press 244


http://dict.cnki.net/dict_result.aspx?searchword=%e5%90%84%e6%80%81%e5%8e%86%e7%bb%8f&tjType=sentence&style=&t=ergodic�

s)=[s(t) ~ s(V)];
v =[w (1) - v (O]
x()=[x(t) - % O]

III. METHOD OF DIRECTION FINDING

Firstly, the number of source can be estimated by AIC,
MDL®! or GDEP'. Thus, we can assume the number of
source M is known.

As the signals which are received by the UCA are
complex signals, we can only use complex ICA algorithms.
Taking into account the convergence of the ICA, Iterative ICA
algorithm is to use, for the common signal , which includes
circular signals and noncircular signals, so the NC_fastICA!"!
algorithm is used to separate the received signals.

The estimated signals §(t) and W can be obtained by
NC_fastICA algorithm, and WAQ@PD=

permutation matrix, D is a diagonal matrix. Matching Filter
algorithm is used with the received signals X(t) and the

, where P is a

estimated signals §(t) . White the other signals, and reserve

one signal, and use the DOA algorithm for one angle, the
DOA is obtained and pair-marching for elevation and azimuth.

Let:
Y =E[x(1)8" (t)|= A(6.9)PD+V (6)
where: v follows the gauss distribution,
v~CN(0,0°P), P =E(s(t)3" (1))
In the case of high SNR, the noise can be ignored, so:
Y =A(6,9)PD @)
In the ideal condition for ICA algorithm, noted that:
[0 0 0]
0 0 dy
S L 0 ®)
d :
0 0
0 0 0

That is: only one nonzero number in every column for

matrix PD. Assume that the nonzero number A, in m_ row
for the p—th column.

Taking equation (7) into equation (4), yields:
jz%rcus(ﬂ,“z -a )sin 2%

J2ar 2zr
JTcos(Em] —a )sin gy, JTcos(ﬁmN —al)smme

d,e d,e - d,e
2ar 2ar . 2ar
520080, —a Jsin 15 cos( O, -2t Jsin gy, 2 c08( Oy~ Jsin
7 ! : > 2 N "
y=|d,e d.e * -d, e’
2ar 2ar 2ar .
72 cos( O, ~yg Jsin 75 005( 6, —aty )sin o, 5550086y, —a Jsingmy
2 A A
d,e d,e - d,e
Yoo Yo Yin
ya Yo Yno o Yo (9)
Yur Ym2 o Yww
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Noted that there is one unknown coefficient d,, , in order

to eliminate the influence, every rows is divided by the first
row, According to the m, row:

— y2m -
jﬂ[cos(ﬁm —az)sinq)m —Cos(@m —al)sin(pm :‘ .
2 p p p p
e’ ylmp
- (10)
ejozr[cos(Hmp —ay )sin Pmpy —cos(@mp —al)sin (pmp} mep
Yim,

Get the angle to the both side of equation (10), assume
that no phase ambiguity in there:
sing, cos, (cosa,-cosa,)-sing, sind, (sina,-sing,)

sing, cos6, (cosay, —cose, )—sin P, SO, (sine, —sina, )

(1n
., angle(yzimp Yo, )
! angle (Y, / in, )
Note that:
cos(t?mp —az)sin Pn, —cos(@mp —al)sin P, )

- [cos (Gmp -a, ) —cos (Gmp - )] sing,, €[-2,2]
Because angle(y2mp Yim, ) e[-z,7], so if 2(27r)< 74, that

is r < A/4, there is no phase ambiguity in equation (11). On
the other hand, the smaller of r, the smaller effective aperture
of the UCA, so we suggest that in this algorithm, the r is
selectedas 1/4 .

Let:

angle( V.o, / Vi, )
p :

sing, cosd,
7e= P P __r
2zr

sing, sinf,
o angle(Yyn, / Yin, ) (13)
cosa, —cose, sina, —sing,
Fo . .
cosa, —cosq, sina,, —sing,
We have:
Fze= (14)
That is:
z=(R'F) F" (15)
So we get:
6, = arctan 2(2) s P, = aresin/z'z (16)

z(1)

IV. PERTURBATION ANALYSIS

In fact, in equation 8, the column of matrix PD does not
include only one non-zero element, for the incompleteness of
ICA method, there are others non-zero elements in the column
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of matrix PD, Without loss of generality, we analyze the first
column elements of matrix PD , assume that the major element
is d, and lie in the first row, the mini element is & and lie in

, as there are noise in the

the second row,, and |¢|<<|d,

receive datum, so every element of matrix PD is noisy, based
on equation (2) and (3), the noise from ICA on the elements of
each row is also a zero-mean Gaussian white noise, assume
that wavelength is A, the first column elements of matrix PD
can be written as :

jﬁcos(éﬁ —a,)sing jﬁcos(ﬂ2 -, )sin @,
de * +ge * +U,
2mr . 27r .
JTCOS(H] —a, )sing, 17005(492 -, )sin g,
_| de +ge +U,
y= ) a7
.2 .
j%cos(g1 —ay )sing jfcos(@z —ay )sing,
L d.e +¢ge +Uy |
So the equation (10) becomes:
y
=2 j%[cos(ﬁl —a, )sin gy —cos(6 ¢ )sin g |
Yi
Ym e j%[cos(ﬁl —ay )sin g, —cos(6, —ay )sing; |
Yi
B 27r . 2xr . 7]
J=—cos(6, —a; )sin g, j==—cos(6, -, )sinp,
Sl[e g -e * J"'uz_ul (18)
.2xr . .2xr .
j==—cos(6— )singy j==—cos(6,~ )sinp,
de * 7 T4ge £ T4y
+ :
j%cos(ﬁz —ay )sing, j%cos((?2 —a,)sing,
&l e - : +Uu, -y,
2mr 2mr
j=—cos(6,—a; )sing j=—cos(6,—a, )sinp,
de * " Tage 2 T4y
Taking first order Taylor Series Expansion, we get:
y -
?2 ej%[cos(t‘?‘ ~a,)sin g —cos(6 -, )sin w‘}
1
yiNI ej%[cos(ﬁ,—a,ﬂ )sing; —cos(6 ~ay )sing |
Yi

2 7 [ . .2, .
fjirws(ﬂra‘)sinw‘ 2 j%cos(éraz)smwz J—’_”cus(ﬂra‘)sm(pz
e * gd e ? -e 7

+d," (u, -, )}

2mr . 2ar 2ar .
- j=—cos(6)-a; )sing, B j=—cos(6, -y )sing, j==cos(6,-a, )sing, _
e 4 {gldl‘[e 1 —g S (uy )

(19)

In order to simplify operations, let:

B, =% cos (6, —a, )sing, —cos (6, —a, )sin g, |

7'mcos 0,—a;)sing,
5rk+j§jk:ejl (rasine (20)
'ﬂcos 6, —ay )sin 'mcos 6, —a,)singp,
*l:gldll[ej Teslrasng, 15Tt )i J+d1‘(uk—ul)}
Equation (19) can be written as:
y, /Y, e’ +65,,+ o),
= : (21)
Ym /y] el +5rM + jé‘jM

In the case of high SNR, |u, |<<|d,|, |¢ | <<]|d,]| . we get:
|5rk| = l,|§ jk| =1. Taking angle information in the equation

(21), and using first order Taylor Series Expansion, we yields:

Y, / Yi ﬂz cos ﬂ25j2 —sin ﬁ25r2
angle : = i |+ : (22)
Yu /Y P cos Sy, 5J.M —sin By,
So the perturbation of equation (15) is given by:
~ -1 H~
2=(R'F) F (23)

where
cos 3,6, —sin 3,6,
Z= : 24)
08 S Oy —sin By Oy

V. EXPERIMENTAL RESULTS

Computer simulations have been carried out to
evaluate the performance of the proposed method for 2-
D direction finding of narrowband sources in the
presence of additive white Gaussian noise. We consider
UCA consisting of varying antennas. There are three
independent sinusoidal signal, their DOAs are (20°, 20°),
(40°, 50°), (80°, 70°). The number of samples is 1000. We
employ the joint distribution estimation of azimuth and
elevation angle and the mean square error (MSE) as the
performance measure and all results provided are averages of
10000 independent runs. At the condition that UCA consisting
of three antennas, and the radius I = A /4. Fig. 2 shows the
joint distribution estimation of azimuth and elevation angle,
the Fig. 2 (a) is at SNR=20dB and (b) is at SNR=30dB,
Figs. 3 shows the MSEs with the three source’s azimuth and
elevation angle, (a) shows the azimuth and (b) shows the
elevation, respectively.

Elevation(degree)
Elevation(degree)

20 80 100 2 80 100

4 E 4 E
Azimuth(degree) Azimuth(degree)

(a) (b)

Fig.2 The Joint distribution estimation of azimuth and elevation angle
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Fig3. MSE of azimuth angle and elevation angle
At the condition that UCA consisting of four antennas,
and the radius ' = A /4. Fig. 4 shows the joint distribution
estimation of azimuth and elevation angle, the Fig. 4(a) is at
SNR=20dB and (b) is at SNR=30dB, Figs. 5 shows the MSEs
with the three source’s azimuth and elevation angle, (a) shows
the azimuth and (b) shows the elevation, respectively.
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Fig.4 The Joint distribution estimation of azimuth and elevation angle
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Fig5. MSE of azimuth angle and elevation angle
At the condition that UCA consisting of five antennas,
and the radius ' = A /4. Fig. 6 shows the joint distribution
estimation of azimuth and elevation angle, the Figs.6 (a) is at
SNR=20dB and (b) is at SNR=30dB, Figs. 7 shows the MSEs
with the three source’s azimuth and elevation angle, (a) shows
the azimuth and (b) shows the elevation, respectively.
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Fig.6 The Joint distribution estimation of azimuth and elevation angle
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Fig7. MSE of azimuth angle and elevation angle

From the simulations, the proposed method can bring to
well performance for multi-signals direction finding at
moderate SNR, pair-marching for elevation and azimuth can

be automatic, and can obtain precision DOA estimation with
less arrays.

VI. CONCLUSIONS

A novel algorithm for 2-D angle estimation of
narrowband sources with a UCA has been devised. The key
idea in the algorithm development is to utilize the ICA to
obtain separated signals, and using them to get the array
manifold. It is shown that the proposed algorithm has a well
estimation performance at sufficiently high SNR conditions.
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