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a b s t r a c t

Blind algorithms are interesting in communications interception context, particularly

blind source separation (BSS) algorithms, for multiple input multiple output (MIMO)

systems, and allow to estimate transmitted symbols by using few information on the

transmitted data. But they introduce an arbitrary rotation on each separated output

flow and possible permutations between these flows. Here we suppose that an

Alamouti coding is used at emission. Without precaution the structure of the code is

not found again in the BSS output because of arbitrary phases and possible rows

permutation. If the code structure is lost, the redundancy introduced by the Alamouti

code cannot be exploited to decrease both the bit error rate (BER) and the mean square

errors (MSE). In order to recover the code structure in the BSS output, we propose a new

criterion, associated with a BSS criterion, which exploits the Alamouti redundancy. This

criterion allows to reestablish the Alamouti code structure and to obtain the same

phase indeterminacy on each row of the separated data, so this proposed algorithm

enables to decrease the ambiguities number inherent in the traditional BSS algorithms

and like this, finally, to decrease the BER and the MSE.

& 2011 Elsevier B.V. All rights reserved.

1. Introduction

The context of this study is the multiple input multiple
output (MIMO) communications interception, and more
specifically the blind demodulation receiving. A pre-pro-
cessing stage, not defined here, is supposed to estimate
some parameters necessary to our blind MIMO demodula-
tion: MIMO communications detection, transmitter anten-
nas number estimation, and OSTBC code identification.

The first MIMO system, named BLAST [1], was proposed
by the BELL Laboratories in 1996 in order to increase the
capacity of wireless communications using multiple

antennas. Since the launching of the BLAST Systems,
Alamouti [2] suggested in 1998 a system diversity which
improves the reliability of data-transfer, and this, using only
two transmit antennas. The Alamouti scheme, one of the
orthogonal space-time block codes (OSTBC), sends redun-
dant copies of symbols so as to compensate for fading, in
hope that some of them will arrive at the receiver in a better
state than others.

Many works have been realized on BSS algorithms for
BLAST schemes [3–7] and for STBC schemes [8–11] but
these BSS enable to find the sources again only up to a
permutation and an arbitrary rotation on each antenna.
Moreover some of them do not make the same hypoth-
esis, like [11] which supposes a convolutive transmission
and [8] which supposes an underdetermined context. On
the other hand, an other approach using channel estima-
tion, totally different, is used by some authors in order to
find sources indirectly contrary to BSS techniques which
obtain sources without estimating the channel. Some
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works [12–15] and more recently [16–20] use this
method with OSTBC. These methods can be compared
with our previous work [21] which uses this same
approach with Alamouti coding and outperforms all of
them. So, our goal here is to assess the use of BSS, with the
adaptive algorithm CMA, for an Alamouti scheme, since
only few works on this topic exist. In [22], we proposed a
first approach to raise the indeterminacy order, but with
the hypothesis that rotation ambiguities are perfectly
raised. This supposition is not realistic, so we propose in
this paper a more feasible solution.

Associated with a BSS criterion, a new criterion is
suggested, making use of the redundancy induced by
the Alamouti code. The proposed algorithm enables to
recover the structure of the Alamouti code in the BSS
output, allowing use of the redundancy induced by the
Alamouti code and decreases so both BER and MSE. The
works in [23] show theoretically that the properties of
some OSTBC codes allow to estimate uniquely and blindly
symbols up to a sign but that all ambiguities introduced
by BSS cannot be raised with an Alamouti code. Our
criterion cannot raise any more ambiguities but it allows
to provide the sources in the BSS output with the same
phase on each separator output flow.

First, we will introduce the system model. Section 3
shows the proposed criterion. Then, the separation criter-
ion used with the proposed criterion is described. Then,
the minima of the criterion associated with the Alamouti
code are searched in Section 5. The criterion implementa-
tion is detailed in Section 6. Finally, Section 7 shows the
simulation results obtained thanks to the proposed cri-
terion. We conclude in Section 8.

2. System model

2.1. System model and BSS principle

Blind source separation enables to find Nt unknown
sources from Nr received signals thanks to Nr antennas.
The relationship between the transmitted signals sðkÞ ¼
ðsðNt :kÞ . . . sðNt :kþNt�1ÞÞT and the received signals yðkÞ ¼
ðy1ðkÞ . . . yNr

ðkÞÞT of a MIMO system is

yðkÞ ¼HsðkÞþbðkÞ ð1Þ

where H is the matrix ðNr � NtÞ representing the MIMO
channel and b(k) is the additive noise. The following
hypotheses are done:

� Sources s are supposed mutually independent at a time
instant k, i.i.d. and to have an unitary variance, i.e.
E½ssn� ¼ 1, where n denotes the complex conjugation. At
most, one source is a Gaussian random variable.
� b(k) is an additive noise, independent of the sources.
� The channel H must be unitary, otherwise the received

signals are pre-whitened.
� Nr ZNt .

BSS consists in estimating a separation ðNt � NrÞmatrix W
and applying it to the received signals y(k) in order to

obtain an estimate z(k) of the transmitted symbols:

zðkÞ ¼WH ~yðkÞ ð2Þ

zðkÞ ¼WH ~HsðkÞþWH ~bðkÞ ð3Þ

zðkÞ ¼GHsðkÞþb0ðkÞ ð4Þ

where WH denotes the complex matrix conjugate and
transpose of W¼ ðW1, . . . ,WNt

Þ, the vector ~yðkÞ represents
the whitened received signals, ~H is the unitary channel
matrix resulting from the whitening of yðkÞ : ~H ¼ BH,
b0ðkÞ ¼WH ~bðkÞ ¼WHBbðkÞ, with B the whitening matrix.

Ideally, the matrix G is expected to converge to the
identity matrix. However, the BSS separates the signals up
to a possible permutation and an arbitrary rotation, i.e.,
GH
¼DP, where

D¼

d1 . . . 0

0 & 0

0 . . . dNt

0
B@

1
CA

is a diagonal ðNt � NtÞ matrix representing the indetermi-
nacy on level and phase, and P is a matrix standing for
permutations. So, the estimated sources can be written as

zðkÞ ¼DPsðkÞþb0ðkÞ ð5Þ

In this paper, we will raise some indeterminacies to
obtain an Alamouti structure (c.f. Sections 2.2 and 3) in
the BSS output. To do that, we propose a criterion which
uses the redundancy induced by the Alamouti code.

2.2. Alamouti coding

The Alamouti [2] code is an orthogonal space-time block
coding, its orthogonal structure make it easy to decode.

This code is built for two transmit antennas and has an
unitary rate, so Nt¼2 in next sections. The Alamouti code
allows to transmit two symbols over two consecutive
time slots. At the 2kth time slot, symbols s(2k) and
s(2kþ1) are transmitted on the first and the second
antenna respectively. At the following time slot the
symbol �snð2kþ1Þ is transmitted on the first antenna
and snð2kÞ on the second antenna. The word code matrix is

H2 ¼
sð2kÞ �snð2kþ1Þ

sð2kþ1Þ snð2kÞ

 !
ð6Þ

3. Proposed criterion

By keeping in memory the Alamouti coding structure
introduced in Section 2.2 and since BSS induces an
arbitrary rotation and permutation on rows, we obtain
two possible schemes for the BSS output.

When there are no permutations on rows:

ZðkÞ ¼
z1ð2kÞ z1ð2kþ1Þ

z2ð2kÞ z2ð2kþ1Þ

 !
¼

sð2kÞejF1 �snð2kþ1ÞejF1

sð2kþ1ÞejF2 snð2kÞejF2

 !

ð7Þ

where the two output rows are not inverted but symbols
are perturbed by phases F1 and F2, two arbitrary phases
introduced by the blind separator.
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