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1 Introduction

Application of high-resolution direction-of-arrival (DOA) estimation (e.g. MUSIC[1], ES-
PRIT, etc) has been widely studied in the field of communication and sensing. However, esti-
mation precision of the method is sensitive to quality of measured data due to high-resolution
capability of the method. Performance of the high-resolution method is degraded for imperfect

data.
When we use an antenna array for DOA estimation in radio wave propagation, two factors

mainly affect DOA estimation performance. One is channel imbalance (gain and phase error
of the elements), and the other is mutual coupling among array elements. Many calibration
techniques have been proposed for the high-resolution array system.

The authors have proposed a calibration technique based on signal /noise subspace property|[2].
The technique can estimate calibration parameters corresponding above two error factors sepa-
rately. Some sets of known DOA data (calibration data set) are required in the technique. This
calibration-parameter estimation problem becomes nonlinear minimization problem. In [2], we
proposed to use additional data set to linearize the problem so that the calibration technique
becomes stable. However, it often becomes difficult to get additional calibration data set.

In this report, we propose a modified calibration scheme using iterative estimation. This
modification makes theoretically [3] the number of required calibration data set smaller than
that in [2]. Numerical and experimental results are provided to show the validity of the proposed
scheme.

2 Problem Formulation @ . '
We assume that d uncorrelated waves impinge on a uniform L-element circular antenna array

of radius R. The measured value of the [-th element(l = 1,2,---, L) is given by
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where A, s, and 0 denote wave length, the complex amplitude and the DOA of the k-th
incident wave, respectively. m; is a noise component at the I-th element. We can express
ri(l=1,2,---,L) in vector form as follows:
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where 7" denotes transpose.

In ideal case, the received data can be written by Eq.(2), however there exist channel imbal-
ance and mutual coupling effect in real system. Introducing a diagonal matrix I" as a channel
imbalance matrix and a circulant matrix C as a mutual coupling matrix, these matrices can



be expressed by
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where, self coupling factor ¢y in C'is 1, and, £ = |L/2].
Using C and T, actual received data vector 7 can be written by

9k Sk +n. (6)
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3 Calibration Technique

Using signal/noise subspace property, we can obtain the following relation for noise eigen-
vector of measurement data 7.

" Cra(@") =0, (m =1, M, k=1,--,d) @)

where # denotes complex conjugate transpose. M is the number of calibration data sets. el™

is the j-th noise eigenvector in m-th calibration data sets. For simplify, we demonstrate the
calibration procedure for L = 4. In the estimation, the needed number of known sources can
decrease to the number of unknowns (¢; and 7;). The proposed iterative calibration can be
summarized as follows.

Step.0

Generally, ¢;s have the relation of 1 = ¢y >> ¢4, -, ce. Therefore, we set C=T=1 as
an initial value.

Step.1
We can calculate ;s by the simultaneous equation in Eq.(8) with all sets of k and m.
Note v; = 1 as a reference channel.
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where a (™) = [a,(g), ca ,(ZHL)} . The T' can be constructed by the ;s in the above

least square estimation.

Step.2
We can calculate ¢;s by the simultaneous equation in Eq.(9) with all sets of k and m.
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C can be updated from the estimated values of ¢;.

Step.3

Continue the estimations in step 1 and 2, and update I' and C until the unknowns in
these matrices converged.

The number of equations should be greater than or equal to the number of unknowns.
This is the necessary condition. Therefore, we must satisfy the next inequality.

(L—1)+ EJ <d(L—a)M (10)

In Eq.(10), the left terms show the number of unknowns, and the right term shows the
number of equations. In this inequality, we assume that number of incident wave is d in
each calibration data set. In addition, all DOAs are different.

4 Numerical and Experimental Result

First, we show numerical results by NEC2[4]. Consider a model with uniform circular
array using eight dipoles (L = 8). Radius of the wire is 0.5 [mm] and length is 58.0 [mm]
for the dipole. The wire was divided by 11 segments and added 100 [©2] to the feed point.
Frequency of incident wave is 2.5 [GHz]. Element spacing is half-wavelength. We use 3
calibration data sets (M = 3). Each data set has one incident wave (d = 1). DOA of
these waves are 0, 20 and 40 [deg.], respectively.

Furthermore, we obtained measured data of an antenna array using HP8720C. The
antenna elements were monopoles having a wire of radius 0.5 [mm] and length 29.0 [mm]
on ground plane. This experiment is physically equivalent to the NEC2 simulation.

MUSIC spectrum using estimated CT is evaluated by the following expression.
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Fig.1 and Fig.2 are the DOA estimation results after 100 iterations of the proposed
technique. The calibrated MUSIC spectra have sharp peaks in comparison with the
uncalibrated MUSIC spectra (CT = I) in both estimation.

Fig.3 shows convergence property. Fast convergence property is realized by both the
simulation and the experiment.

5 Conclusions

In this report, we proposed a modified parametric calibration technique. Performance
of the technique was verified both numerically and experimentally.
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(a) Calibration data set (0, 20, 40 [deg.])
Figure 1: DOA estimation results of NEC2 data (Uncalibrated MUSIC(dashed curve),
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Figure 2: DOA estimation results of experiment data (Uncalibrated MUSIC(dashed curve),
Calibrated MUSIC(continuous line) )

Estimation Error

1 - 1
0.8 b : 0.8 .
5
i}
0.6 : 0 06 .
s
0.4 |- . £ 04t .
Z
]
0.2 | . 0.2 .
O M| PR O s s PR | L
1 10 100 1 10 100

Iterations

(a) NEC2 data
Figure 3:

Iterations

(b) Experiment data

Convergence Property



