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Abstract—This paper is concerned with the array shape self-
calibration problem when the array gain pattern of each sen-
sor is spatially dependent and unknown. We adapt a Constant
Modulus Approach (CMA) to improve the precision in the
sensor localization. We will see how this original method
conducts to build particular antenna configurations appropri-
ate for self-calibration. The performance improvement lies in
a strong bias reduction.
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1. INTRODUCTION

Array processing algorithms for source localization can
severely be degraded by uncertainties in the array shape.
When flexible antenna arrays are used (consider for example
an airborne antenna fitted under the wings), their actual shape
can widely deviate from the nominal geometry. In such sce-
narios, the associated superresolution array processing dra-
matically fails, leading to high spatial ambiguity sidelobes.

It is well known that array shape self-calibration techniques
can provide an estimation of sensor location using unknown
narrow-band and far-field sources impinging on the array.
Most of these methods suppose the array to be composed of
isotropic sensors (see [1], [2], [4]). When the gain pattern
of each sensor is spatially dependent and unknown, these ap-
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proaches lead to biased estimated locations, this bias depend-
ing on the array deformation level.

In this paper, we propose to reduce significantly the sensor
position estimation bias when the antenna can be considered
as composed of several subarrays. Each subarray is made
up of two sensors (with unknown but identical gain patterns)
whose orientations are almost identical. Position and direc-
tion of the first subarray are assumed to be known. When the
array is distorted, we reasonably assume that the deforma-
tion inside a subarray is negligible, and consequently the two
sensors have the similar gains whatever the source bearing.
Under this assumption, we develop a Modulus Compensation
Algorithm (MCA) in order to estimate the position of each
Sensor.

N being the number of sources, the algebraical derivations
conduct to the joint-diagonalization of N Hermitian matrices
of rank 1 built from the Singular Value Decomposition of the
spatial covariance matrix. We prove that the number of sub-
arrays must be equal to or greater than N2 — N in order to
satisfy the identifiability conditions.

Numerical simulations are provided in the two-dimensional
case. Several configurations of antenna are compared. The
environmental field involves sources with unknown parame-
ters and additional Gaussian noise. Our approach is compared
to the previous quoted algorithms and exhibits better perfor-
mance.

2. BACKGROUND

We consider N distinct sources radiating unknown narrow-
band s;(¢) centered at the same pulsation w and received by a
M -sensor antenna with unknown geometry. Localization of
sources is unknown but assumed to be far enough from the
array so that the signal wavefronts are planar. Moreover, we
assume that the spatial diversity is full i.e wavefront normal
vectors n; are not two-by-two collinear. Finally and to sim-
plify, we only consider the case where both the Directions Of
Arrival (DOAs) n; of the sources and the array are coplanar.

Source DOAs being unknown, “observability” of the sensor
localization requires that at least the coordinates of one sensor
and the direction of a second one are known. In this study, we












represent the relative phases between actual and nominal sen-
sor locations. Now, if we assume that the nominal sensor lo-
cations and the corresponding actual locations are lower than
A/2, then these relative phases are necessary in the interval
[—, 7] and can be straightforward estimated from the angles
of A’

Introducing p} £ p; — p?, i=1,..., M, the relative sen-
sor locations, we have then the following relations
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An estimation of p; in the least square sense can then be ob-
tained using

NERRED
p'/L - % ] = 17 29 M7
AT e
Dy YN
where ; = [sin#;,cos8;]7, j = 1,..., N is the esti-

mated wavefront normal vectors and where the upperscript
1 denotes the Moore-Penrose pseudoinverse.

6. NUMERICAL EXAMPLES

In this section, we present the results of three antenna con-
figurations that demonstrate the performance of the proposed
method. In all experiments, the sensors used have all the same
real gain pattern G(0)

G(9) = nfln,, if0 € [-n/2,7/2],
G(0) = 0, otherwise.

n, is a unit-norm vector giving the direction of the sensor
and where n,, is a unit-norm vector giving the direction of
the wave (see fig. 2).
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Figure 2. Sensor Gain Pattern

In all the simulations, we consider 3 narrowband equal-power
source signals generating a wave of A = 30cm located in the
far field of the array at directions 6; = —36°, 6, = —3° and
A3 = 20°.

These 3 sources are differently colored and impinge upon a
18-clement incomplete arrays whose the two first elements
are 0.8\/2 apart.

The recordings are corrupted by spatially incoherent Gaus-
sian white noises.

These three antennas correspond to distorted versions of a lin-
ear ones; all are about 4m long. When the array is distorted,
the terminal sensor is subjected to a 90 percent of A/2 shift.
The notion of subarrays, appropriate when MCA is used,
fully appears in the two last antenna configurations.

Simulations use NV, = 10000 samples and the sensor noise is
injected with an SNR of 30dB on each sensor. 30 indepen-
dent simulation runs are used to compare the self-calibration
results obtained with MCA, CMA and AMUSE algorithms.

Antenna Configuration 1

When at rest (nominal shape), this first antenna form, starting
from the third sensor, a regular incomplete array whose sen-
sors are 0.8\ apart (see fig. 3). Here, MCA is applied consid-
ering that the 9 sensor couples (2p — 1,2p), p=1,...,9
form as many subarrays.












