











- -
g

Dynamic contribution  x

Figure 2. Array Shape Dynamic Model.

Replacing the position vector by its decomposition in expres-
sion (2), the entries of matrix A (¢) become

2w _ 27
a;(t) = exp {JTP?nj} exp {JTP?(t)nj} ;
= ay(t)ai;(t),
or in matrix notation
A(t) = Ao A(t), (15)
where o represents the Hadamard (element-wise) matrix mul-
tiplication.
Assuming that the dynamical distortions have low magnitude,
the entries of dynamical array response matrix can be approx-
imated as first order Taylor-series expansion:
. 27
ag;(t) =1 +J7P¢T(t)nj7
| SR —
fii (1)
or in matrix notation
At)~ 1+ F(@),

where

1is the M x N ones matrix such that 1,; =1 Vi, j
F(¢) only account for first-order time dependent terms.

Hence
At)=A+D(2), (16)

where D(t) = A o F(t) is a deviation matrix depending of
time.

Replacing A (t) by its expression (16), eq.(1) becomes
y(t) = [A+D(t)] s(t) +n(t). (17)

which is the new data model adapted for vibrating antennas.

A Two Time Scales Method for Self-Calibration in presence
of Noise

Introduction—The process is split in two steps.

The aim of the first step is to counteract the phase ambigui-
ties by crosschecking several estimations provided by differ-
ent subsets of source signals. This step being unfortunately
white gaussian noise sensitive, a significant observation time
is necessary (long time scale signal analysis). We only obtain
a coarse shape close to the static one.

In the second step, the previous observation time is parti-
tioned in small time intervals, each of them is used to obtain
the almost instantancous array shape from the estimated static
one (short time scale signal analysis).

Note that the estimation of some static unknowns like the
DOAs can be refined during the short time scale analysis.

First Step: estimation of the static array— Assuming that the
signal vectors s(¢) and the noise vector n(t), are realizations
of stationary, zero means random process and there is no cor-
relation between the noise and the signal, from equation (17)
the records covariance matrix is

Lyy(t,t) = E [y(t)yH(t)]
= [A+D®)]Ra: [A+DO)]" + 7Ly
= AR AT 1 AR, DY (t) + D(H)R AY
+D() R DY (t) + 0’1y, (18)

whereR 4, is the source signal covariance matrix and 71 is the
noise covariance matrix.
Applying the temporal averaging operator

m[.] = lim l/7T di

to the record covariance matrix, we can define a “stationar-
ized covariance matrix” of the vector signal y

Ryy = m [Lyy (¢, 4)].
Because the dynamic deformation is temporally zero-mean,
i.e. m [D(t)] = 0, averaging the equation (18) yields
Ryy, = ARGAY 4 m[D)RDY ()] + 91
= ARGAY + m [A o F)ReF7(t) o AH] 4L
N——
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Due to the temporal averaging, the order one terms of eq.(18)
vanish in eq.(19). It remains only order O and order 2 terms
in the power series development of Ry.,. These 2 order terms
will be neglected in the estimation of A and the algorithms

we use conduct to an estimated f& such that
Ryy — ARAT + 2Ty

similar to previous equation (12).
Once again the matrix A takes the form of equation (4)

A = UnW,
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