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ABSTRACT spectrum. In [2] a direct estimation of the space-time pa-
rameters is proposed. The drawback of such methods is that
they require either several channel estimations and/or work
on large matrices. The difference in this work compared to
[5] where a similar channel representation is used, is that
in [5] the pulse shape is supposed to be known and several
channel estimations are necessary.

The originality of the present work is that it requires a
single channel estimation an works on reduces dimension
matrices. An other contribution of this study is the resolu-
tion enhancement that can bring the knowledge of one of

The radio electrical transmissions often have multiple paths
due to reflections on physical objects or due to the inhomo-
geneity of the propagation medium for example the iono-
spheric layers in a HF communication.

This work presents a new algorithm for the blind esti-
mation of the physical parameters in a multipath channel
(direction of arrival, time delay and fading). The results ex-
posed are useful for tactical applications such as HF radio-
localization, or for radio communication systems, to com-
bat the degradations due to the channel. The present StUthe space-time parameters to solve the other
is based on the recent work done on blind deconvolution Thi ) ized as foll - $pcii ' for-
which estimates the channels impulse responses. Based on Is paper is organized as follows : $ection 2 we for

a physical path parametric model, a spatio-temporal para—.mUIate the problem and give a parametric model for the

metric blind identification of the front wave is performed. |onospher|c propagatlon channel impulse résponse. L
These parameters are direction of arrival : D@Aelative model includes time delay, azimuth and elevation angle and

. : . path gain. Insection 3the proposed algorithm is described
time delayr and complex gaip (fading). and insection 4simulations are made. Finally we will con-

clude insection 5
1. INTRODUCTION Notations

. . ) . o We will use the following notations :
This paper focuses on blind spatio-temporal identification ... ¢c51ar

of multiple path channels. Space-time identification means
here that we are estimating time delay®OA ¢ and fading

¢ of multiple reflections of an unknown signal. This is a
central problem in many fields including radar-sonar and
communication systems.

In papers [1], a blind spatio-temporal identification of
multipath channels has been presented. The purpose was
already to estimate the physical parameters of the channel
(0, ™m). The proposed algorithms proceed in two steps 2. PROBLEM MODELISATION
and are based on the exploitation of the properties of the
correlation matrix of successive independent estimates ofThe signal arrives on the antenna by different paths, and as
the channel impulse resporﬁeThese estimates can be ob- the antenna is made of several sensors, the signal arriving
tained with blind methods such as those proposed in paper®n each sensor has been through a different channel. Thus
[3], [4]. Exploitation of the parametric relation betwekn  we have one impulse responisg(t) per sensor. Each im-
and (6, r,~) allows to apply a 2D subspace method (MU- pulse response is the combination of several paths having
SIC) in order to obtain jointly time delay and DOAs ina 2D different time delays, direction of arrival, gains and phases.

X : vector,

X : matrix,

T transpose,

* . conjugate,

t . transpose conjugate,
x ; convolution product.



2.1. Data representation A more general model including non ideal filters can be di-
rectly included in the same way as in (4). Without loss of
generality we will keep the model (6).
Once the channel estimation performhd;an expressed
in such ways to separate the different contributions of the
M , DOAs, the time delays and the complex amplitudes. Indeed,
Tn(t) = Y an(Bm)ame® st — ) +na(t) (1) from eq(6) we get :

The physical model of the signal at the output df aensor
array is :

m=1
M
with z,(t) the output of then!” sensor,s(t) the source h, = Z (O el P (1) @)
signal, a, (#) the nt* sensors response in the directi®n o

a, e the complex amplitude of the!" (1 < m < M)

path,7,, the delay of then'” path andn,,(t) the noise on ~ where

thent” sensor. . . .
The physical model can be represented by the convolu- m(7) = [sinc((=LT. — 7)B),- - -, sinc((LT. — 7)B)]

tion of the source signal by the chanhgl(¢) : o . ) (8)
By considering the complex amplitudes = a,,,e’*™, we

Tn(t) = (hp x 8)(t) + np(t) 2 can write :
The propagation characteristi¢s 6, «, ¢) are all confined H=[h;,hy, -, hy ] = MQAT (9)

in the channel impulse response. As we work with discrete
and causal models the output of th& antenna is at the  with

instantk : M = [m(r),---, m(run)], (10)
L
0% 0 0
zalk] = Y halllslk = 1] + na[k] (3) 1 .
I=—L Q — ? 72 " . (11)
where2L + 1 is the length of the channel. P
Inthe last years, several blind spatio-temporal methods to 0 -~ 0 vu

estimate the channels impulse response have appeared [3¢].md
[4]. Once that the impulse response is found, a parametric
estimation can be performed. A = [a(6y), -,a(0)] (12)

= .. T
2.2. Channel model where a(f) = [a1(0), -, an(0)] (13)

From the physical model described in (1) and the formula- Based on this factorization, we can now propose new low
tion made in (2) we deduce the channel model : cost high-resolution estimators for the physical characteris-

tics of the channels.
M

hn(t) = D an(Om)ame' ™™ 5(t — 1) 4)
m=1

We suppose from now on that the channel has a finite fre-with the introduced model, we can estimate the spatio-
quency band3. The discrete corresponding filter becomes temporal parameters in different ways for instance a blind

3. SPACE-TIME PARAMETER ESTIMATION

from (4) : algorithm as [3]. Indeed we can work on the different prod-
M ucts of the channel matrild or if one set of the parameters
holj] = F. Z an(Om)ctme®™ sinc(B(Ts — Tm)) is known (angles or delays), we can estimate the other set of
. parameters directly bj/ mono-dimensional researches.
with j €7 (5) The two next subsection treat of the case of totally un-

' known parameters. Then the case where one estimated pa-
wheresinc(z) = %;”3) As we work causally, the channel rameter is known is treated.
will be modelised by a FIR channel :

3.1. Time parameters estimation

M
hn j| = Fe n em m om g B 'Te —Tm . .
{ ] 2 an(6m)eme®m sinc(B(] 7m)) From equation (9), we obtain

m=1
hn[j] =0 forj< —Lorj>1L © . . 1
6 HH' = MI'M 14



where T =QAT A*Qf

3.3. Time estimation knowing the angles

From (14) we can apply any parametric estimation method If the angles are known, we can build an estimate of the

(MUSIC, ML,...). For example, we can estimdil, the
projector on the noise subspaceKH'. The rank of the
matrix M is M if the time delays are all different. If the

steering matrixA. called A and have an estimation df$
called M = HA"(ATA*)"'. As Q is diagonal, if per-
fect estimation was made, the column@\dfandM would

antenna is unambiguous and that the fadings are differentbe collinear. LetM = [m,,---,my| thus we can esti-
the matrixI" is full rank M. Thus with these conditions, the mate separately the different delays by computing on each
matrix HH' is of rank M. From construction we see that coulomb ofM a mono-dimensional parametric search. For
we must have less paths than the length of the channel to b&xample, applying an MUSIC type algorithm, with a projec-
able to identify the parameters thiis < 2L + 1. The noise _q_mml i i i i i
orojectorTl, can be estimated by taking e + 1 — 7 torll,,, =1 o oy with I the identity matrlx of dimension
eigen vectors corresponding to the lowest eigen values of2L + 1 we getthen pseudo-spectrum:
HH'. Then we apply a normalized MUSIC type algorithm

m(7) I, m(7)

looking for the minimas of : f3(7) m(r)ym(r) (21)
filr) = m(7)'II, m(7) (15) Again, the minimums of'{(r) will give the time delays-.
m(7)m()

T1
wherem(r) is as in (8), or a maximum likelihood like al- estimatio . |estimation m; :
gorithm with a criteria like : ofh Of Ilm, 0,00 ‘

™

I(r,- -, 7ar) = tr ((ILJr1 ~M(MM) M’r) HHT)
(16) 3.4. Angle estimation knowing the delays

finding the mini . i L
and finding the minimums of(ry, - - -, 7ar) As for the time parameters estimation, when the delays

are known, the angles can be deducted easily. An esti-
mate of the steering matrix can be performed by computing
QAT=(M'M) 'M'H. AsQ is diagonal, with perfect es-
timates, the columns &k and those oA are collinear. Let

A =[a,,---ay], thus an parameter estimation method can
be developed with a MUSIC type algorithm whose projector

vaT .
isI,, =I— Z;aﬁ and the pseudo-spectrumis :

;i

3.2. Angle parameters estimation
In the same way as for the time parameters, we can write :

H'H=A*TAT (17)

whereX =QTMMQ (18)

From (17) we construct a projectl, ,the projector on the
noise subspace diH. In this case, the rank diH' is

full when we have different time delays and different com-
plex amplitudes. The dimension constraint here is that theThe minimas off}(#) give us the angles of arrival of the
number of sensors must be bigger than the number pathsdifferent paths.
The noise projectoil; can be estimated by taking the

a(f)Ia,af(9)

ai (6)a(d) (2)

fi(0) =

N — M “smallest” eigen vectors and we then apply a nor- — — L
malized MUSIC type algorithm : _ | estimation __|estmation  _ | :
ofh of Hai T1..TM —)-
a(9)T,a*(9) Orr
2 () = =22/ 19
RO = oma) ()

4. SIMULATIONS
The minimums ofP(#) give the different angles of arrival.

A maximum likelihood type with the following criteria can
also be used :

In the simulations, we used a MUSIC type algorithm to es-
timate the different parameters. In the following figures we
will show the example of a two path channel where the first
and second path time delays and DOAs are= —1.7,

#, = 15andm = 1.7, §, = 20. The Signal to Noise
Ratio is 10dB and the temporal observation is made over
1000 snapshots. The antenna array is circular, 5 sensors,

301, 00) = tr ((In — A" (ATA") " AT) H'H)

(20)
and the and finding the minimums {6y, ---,0,) give
the wanted directions.
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Figure 1: Direct estimation of group delay, first estimation Figure 3: Spatial direction finding
30 m parametric spatio-temporal estimation methods. The chan-

nel model makes it possible to separate the temporal contri-
bution and the spatial contribution and thus obtain higher
performance in parametric resolution than with classical
methods.
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5. CONCLUSION

In this paper we have proposed a low cost blind estima-
tion of the parameters of wireless propagation channel. The
advantages of the proposed method is that only needs one
channel estimation to perform the parametric identification
and requires less computational power than classical blind



