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ABSTRACT Currently, the blind modulation recognition for MIMO com-
munications is a research issue poorly addressed in literat
In this paper, we propose two methods to accomplish this
éask. This paper is organized as follows. Section Il present
the signal model and the assumptions. In section lll, we de-

A large amount of modulation recognition algorithms hasbee
reported in literature for Single-Input Single-Output $81)
communications. But, to our knowledge, none of them hav

dealt with Multiple-Input Multiple-Output (MIMO) commu- X ) ! "
b P ’ put ( ) velop the optimal solution for the modulation recognitionlp

nications. The issue addressed in this paper is the modulati oo X . .
recognition for MIMO communications under the assumptionlem based on Average Likelihood Ratio Tests. As this optimal

of a perfect symbol timing. In the first part of this paper, solution is difficult to implement in practise, we presentén

we develop the optimal solution based on Average LikeIihooaemtat'V?Vm;thcl)ld ::)hased ;)n Hybrid L'?E/{/'hoc’d Raug T?;tqs :jn
Ratio Tests. Although this solution is optimal, it requitke section V. Finally In€ perlormances ortwo proposed mesno

knowledge of the propagation channel which is usually und'® compared in section V.

known in a non cooperative environment. To overcome this
problem, in the second part of this paper we propose an al- 2. SIGNAL MODEL AND ASSUMPTIONS
ternative solution based on Hybrid Likelihood Ratio Tests.

Compared to the ALRT classifier, simulations show that thg et ys consider a multi-transmitter communication (MIMO)

HLRT classifier presents good performances. using n; antennas which is intercepted by a receiver com-
posed ofn, antennas. Let us denote by the column vector
1. INTRODUCTION X (k) then, samples received at tine. Under the assump-

tion of a frequency flat and time invariant channel and under a
Communication signals travelling in space with differemtdn  perfect estimation of the symbol timing, the received saspl
ulation types [1]. The task of a modulation recognition algo can be expressed as:
rithm is to blindy identify the modulation type and the sig-
nal parameters of an intercepted communication. The blind X (k) =HS(k) + B(k) 1)
recognition of digital modulation is important for many dipp
cations such as signal interception, interference ideatifin ~ whereH corresponds to the, x n, complex channel matrix
and Communication Intelligence. In literature, differapt-  andB(k) is a column vector of size, which corresponds to
proaches have been proposed to recognize the modulation thie additive noise. We assume that the additive noise fallow
a SISO (Single-Input Single-Output) communications froma complex gaussian circular laW (0, 021 ,,,), whereo? cor-
the received signal. The references [2] and [3] preseritalit responds to the noise variance on each receiver and Where
reviews of the modulation recognition algorithms for SISOcorresponds to the identity matrix of size. The column vec-
communications. tor S(k) = [s1(k),---,s,,(k)]T contains i.i.d complex ran-
dom variables which corresponds to the transmitted signals
Other investigations conducted in parallel have been deAle assume normalized constellation, iB[S(k)SH (k)] =
voted to the development of new technologies aimed at er-,,, and that the gain factor is contained in the channel ma-
hancing the reliability of data transmission in wirelessneo trix. Furthermore, we assume that each transmitted signals
munication systems. Among them, one of the most promising; (k) belong to a linear modulation denotéd; (PSK, QAM
relies on the use of multiple antennas (MIMO). MIMO tech- or PAM) which is unknown at the receiver side.
nology has been standardized in IEER.16e, IEEE802.11n.



The goal of this paper is to blindly recognize the set of N
modulationM = {My,---, M, } of then, transmitted sig- -~ H Z Z pr(X ‘H’szl 1S Eff)» %)
nals fromN received sampleX = [X(1)--- X(N)]. The H;’,ll ) k=li=1 in,=1
blind modulation recognition can be performed by two kind (5)
of classifiers: maximum likelihood or pattern recognitid@e  Let us denote bys;, ..., = [s 511>7 s (”t>]T the column
sification methods. In this paper, we adopt the first methogector of sizen, which corresponds to thé transmitted sym-
which presents better performances [3]. Under the ide@ cagols. Using the equation (1) and the fact that the additive
of a known channel matriki, we expose the optimal solu- noiseB (k) follows a complex gaussian circular 1avi(0, 21, ),
tion based on an Average Likelihood Ratio Tests (ALRT). Thex (k) follows a gaussian circular law/(H Sy ey a2l,,).
main interest of the ALRT is to provide an upper bound on thegg, the probability ofX (k) is given by:
performances of any method. Then, we propose an alternative
method, based on an Hybrid Likelihood Ratio Tests (HLRT), pr(X (k)|H, 551)» s 5"07 2) =
which does not require the knowledge of the channel matrix. ! "

i) ©

where||.||% corresponds to the Frobenius norm. Using equa-
In this section, we propose the optimal solution for the mod4ion (6) on equation (5) leads to the expression of the LF:
ulation recognition of MIMO communications. Within the

1 1
3. ALRT APPROACH FOR A KNOWN CHANNEL 7rn,m,znr‘”‘IO(—az||X(’f) —HSi, i,
MATRIX

Likelihood Based framework, the modulation recognition is A(U(X|H,M1, < M, 0%) = 1
formulated as a multiple composite hypothesis-testindppro ' ((mjg),,w e, lj)N
— — — J= P

lem. The recognized modulationsl = {M,,---, M,,} are
the ones which maximize the Likelihood Function (LF) given

by: A s 1
H Z Z exp<02|X(k) —HSiy i,
AV XIH, My, -, M,,,0%) = pr(X|H, My, -, M,,,, 0?) k=lii=1  in,=1

(@) Finally, the optimal solution for the MIMO modulation nrecog

As the transmitted symbols are independent, the LF can Wﬁtlon problem is given by the set of; modulationsAM =
expressed as: {M,---,M,,} given by:

%) @)

ADX|H, My, -+, M,,,02) = -
] ! ) M—arg max (AY(X|H, My, -+, M,,,0%) (8)

1y s Ming

2
H PrX (R)IH, My, - My, 07) (3) In many environment, the computational complexity and the

. . need for prior knowledge (like the channel matky, can
The received sampleX (k) depend on the transmitted sym- render the ALRT impractical. In the following, we propose an

bols which are unknown at the receiver side. To threat thesgternative approach based on Hybrid Likelihood Ratio Jest
unknown quantities, the optimal solution is the ALRT [3]. (HLRT).

The ALRT method treats the unknown quantities as a random
variables and the LF is computed by averaging over them.

Under the assumption that the symbols are spatially indepen 4. HLRT APPROACH FOR AN UNKNOWN
dent, we obtain: CHANNEL MATRIX

A(l)(X|H,M1, .. 7Mn“02) = This section proposes a second method for the modulation
recognition which does not require the knowledge of the ehan
by nel matrix. The main idea of this method is to break the

H Z Z pr(X \Haszl AR En:) H pr(s (]) MIMO communication intar, SISO communications.
k=1lii=1  in,=1
(4)

wherel; corresponds to the alphabet size of the modulatio-1- From MIMO to SISO communications

M; and wheres”) correspond to the symbol transmitted on Under the assumption that the number of receiver antennas is
thejth antenna. For each antenna, the symbols are indepegreater or equal to the number transmitter antennas, an Inde
dent and identically distributed, i.e. ( Pf -. So, pendent Component Analysis (ICA) is applied on the received
dataX (k) to break the MIMO communication inte; SISO
ADX|H, My, -, M,,,0?) = communications. An ICA algorithm finds a separating matrix



of sizen; x n,, W, which maximises the independency of the unknown quantities by their estimates. This approach is
componentsY (k) = [y1(k) -+ ya, (k)]*, so that: called an Hybrid Likelihood Ratio Test (HLRT).

Y (k) =WX(n) ©) The scale factory,,, is estimated by Method of Moments
_ (MOM). Using the fact thatZ[S (k)% S(k)] = 1,, and the
The reference [4] lists a large number of ICA methods Progquation (11), the MOM estimate of the scale factoy, is
posed in the literature which can blindly find the matvik given by:

In this paper we keep the JADE algorithm [5] which presents ~

good behaviors for signals far from gaussianity [6]. As the Gu = VElyu(R)P] = o (14)

transmitted symbols are independent, the veEtgf) can be  The phase facto, (0 < 0, < 2x) is estimated by Max-

expressed according to the transmitted sigiilk) as (see  imum Likelihood (ML). Finally the modulationVZ, recog-

reference [5]): nized is obtained by replacing the unknown quantities by the
estimates in the likelihood function, i.e. :

Y (k) = PDS(k) + WB(k) (10)
whereP andD denote respectively an unknown permutation ) )
matrix and a diagonal matrix of size x n,. Each indepen- M, = argmax pnax AP (y,la.,0,M,,02) || (15)
dent componeng, (k) (1 < u < n;) can be expressed as:

Yu(k) = aue’® s, (k) + by (k) (11) 5. SIMULATION RESULTS

where the scalars,, andd,, are respectively unknown scale |n this section, monte Carlo simulations were run to high-

and phase factors. The additive ndisék) follows a gaussian  |ight the performances of the two proposed algorithms fer th

law with zero mean and varianeg . Using the equation (10) MIMO modulation recognition. They were aimed at recog-

and the fact thaB[B(k)B" (k)] = °1,,, the variance is  nizing 4 types of linear modulations: BPSK, QPSK, 16PSK

equal to: and 16QAM transmitted by a MIMO communication using
o2 =o*w,wl (12)  pn, = 2 transmit antennas.

wherelV, denotes the'” row of the separating matrh/. It
is important to remark that, due to the permutation ma®ix
the " independent component corresponds toufietrans-
mitted signal {: is not necessary equal 9.

500 Monte Carlo trials were performed for each type of
modulation. Moreover, the conditions for each Monte Carlo
trial were: i) A Rayleigh distributed channel, which means
that each element dfl follows a complex gaussian circu-
Théar law with zero mean and unit variance, ii) 512 transmitted
symbols on each antenna, iii) The same modulation used by

lation recognition problems. So after the ICA, we proposd€” = 2 transmit antennas, iv) a complex gauszian circular
to recognize individually the modulatioh/,, of each inde- and spatially uncorrelated noise, verifyiaB (k) B~ (k)] =

¢ 2
pendent component, = [y, (1), - -, y.(N)]. Although this ~ o?1,,,, and v) asignal to noise ratio (SNR) equalstog( 7 )
approach does not exploit all the information contained omwith o2 = tr(E[S(k)S* (k)]) where tr denotes the matrix
Y (k), it reduces the complexity of the classifier. trace. The performances of the two algorithms were measured
in term of probability of correct detection. This probatyilis
approximated by averaging the number of correct detections
over the number of trials, modulation, and transmitted aign
Let us focus on the independent compongnt The modu-  (total number of simulations00 x 4 x 2). In the following,
lation M, recognized is the one which maximizes the likeli- we present the probability of correct detection obtaineith wi
hood functionA® (y, |cv.,, 0., M,, o2). The optimal solution ~the ALRT and HLRT classifiers.

vy Y u

is given by the ALRT-LF which is equal to (see reference [7]):

The equation (11) refers to a SISO signal model.
ICA permits us to convert the problem intg SISO modu-

4.2. Modulation recognition for SISO communication

5.1. Performances of the ALRT classifier
A(Z) (yu‘aw 9“7 M, 02) =

CRR )
The ALRT classifier provides an upper bound on the perfor-
1 N L |y (k) — ared® SSU)|2 mances of any classifier. The figure 1 presents the probabil-
(o)™ H Z expl — o2 (13) ity of correct detection with respect to the signal to nose r
k=1i=1 tio. It shows that for 1 receiver antenna, the probability of
The computation of the ALRT-LF requires the knowledgecorrect detection is close to 1 at SNR=20dB. The confusion
of the scalev,, and of the phase, factors which are unknown matrix reveals that high SNR (20dB) is required to correctly

quantities. To compute the ALRT-LF, we propose to replacaliscriminate 16PSK and 16QAM modulations. Increasing the
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Fig. 1. Performances of the ALRT classifier for the recog-Fig. 2. Performances of the HLRT classifier for the recog-
nition of 4 modulations. The emitter used 2 antennas andition of 4 modulations. The emitter used 2 antennas and
transmits 512 symbols on each antenna. transmits 512 symbols on each antenna.

number of receiver antennas improves the performances. F#fith ALRT, simulations show that the HLRT classifier per-

example at SNR=5dB, perfect detection is achieved with &rms well. Furthermore, the probability of correct deiewat

receiver composed of 4 antennas. of the two classifiers increases with respect to the number of
receiver antennas. Future works will deal on the recognitio

5.2. Performances of the HLRT classifier of space time codes and OFDM modulations which can be

used in MIMO communications.

In a non cooperative environment, the channel mattiis

unknown and the ALRT classifier is impractical. The HLRT 7. REFERENCES
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