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ABSTRACT

In modern telecommunications, it is often necessary
to transmit several informations at the same time. It
corresponds to multi-user transmission. In this paper,
we present a new multi-user method by means of linear
periodic time-varying filters. For two users, it is seen
that the use of periodic clock changes simplifies the
reconstruction. We apply this method to transmission
of two stationary binary signals. Simulations show that
perfect renconstruction is possible.

1. INTRODUCTION

These days, spread spectrum technics are often used for
multi-user transmissions [1]. In [2] and [3], we showed
that a linear periodic time-varying filter applied to a
stationary signal introduces spread spectrum and per-
mits multiple reconstructions of the initial signal. In
this paper, the authors generalize these results and pro-
pose a new multi-user transmission method by means
of linear periodic filters. When the initial signals are
band-limited, we show that (in theory) perfect recon-
structions can be obtained. It is realised submitting
two stationary signals to particular linear periodic fil-
ters, the periodic clock changes [4]. An example is given
for the transmission of binary signals.

2. MULTI-USER TRANSMISSION AND
LINEAR PERIODIC TIME-VARYING
FILTERS

2.1. Problem formulation

Let Z; = {Z;(t), t€ R} with j € {l.N} be N ran-
dom stationary processes of zero mean and mean square
continuous. They admit respectively the Cramér-Loéve
spectral representations Oz, (w) [5], determined by:
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The principle of the new multi-user transmission pro-
posed in this paper is firstly to subject each process
Z; to a linear periodic time-varying filter ﬁj of period
T = 2mw/wo [6]. We note Hj ¢(w) the frequency re-
sponse of ﬁj. Secondly, the sum of the outputs of these
filters is transmitted. We observe the zero mean process

X ={X(t), te€ R} ofspectral representation O x (w)
given by:
N T
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Lastly, a linear reconstruction method of the Z; is done
when the parameters of the filters are known:
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Fig.1, Multi-user system

2.2. Linear reconstruction

As ﬁj is a linear periodic filter, its frequency response
H; +(w) is periodic in ¢ [6]. If we suppose that it ad-
mits a Fourier development, assumed to be sufficiently
regular, we note:
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where the {¢; 1 (w)} 1ez are the coefficients of the Fourier
decomposition of H; ¢(w) given by:
T/2
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From (2) and (3), we deduce that X can be expressed
as:
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Its spectral representation becomes:
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dOx(w)= > Y ¥ 1 (w—kwo)dOz, (w—kwo) (6)

k=—o00j=1

For this multi-user transmission, the spectral represen-
tation of the received signal X is an infinite sum of
weighted shifted versions around wg multiples of each
dOz,(w), where j describe all the users. For exam-
ple, if the supports of the dOyz,(w) are included in
[—5wo/2, Bwo/2[, the modulus of (6) can be represented
by:

Fig.2, Observed spectral representation

We have now to reconstruct the Z; only knowing
the observed signal X and the linear periodic filters
introduced l~1j. In practice, we assume that the spectral
support of the Z; is included in A = [—wo/2,wo/2[:

Vw ¢ [—wo/2,wo/2[, dOz,(w)=0 (7)
The equation (6) gives then:
VieZ, Ywe [—w0/2,w0/2[,

ij ((W)dOz, (

We search the N spectral representatlons of the Z; on
A. We have N unknown parameters. Thus, N equa-
tions of (8), under some inversibility conditions, permit
linear reconstruction of the Z;.
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3. APPLICATION FOR THE
TRANSMISSION OF TWO USERS

3.1. General case

Let Z; and Z5 be two stationary processes of spec—
tral representation included in A = [—wq/2,wo/2[. W
transmit X, sum of 7, filtered by hy and of Zs ﬁltered
by hg, where hy and hy are linear periodic time-varying
filters of period T'= 27/wq. Equations (8) give:

VIEZ, Ywe[-wo/2,wo/2], (9)
dO x (wHlwo)=v, ;(W)dO z; (W)+y (W)dO z, (W)

where the {¢; 1 (W)}, cz and the {0, ,(w)}, .4 are the
Fourier series development coefﬁgients 0~f H, t((U) and

Hj (w), frequency responses of hy and he. Equations
(9) permit to obtain dOz, (w) and dO z, (w) on A if and
only if, for each w of A, it exists two values of [ for wich
we can obtain two equations linearly independent. In
practice, we attempt to verify that it exists two integers
Iy and I3 such that, for each w of A, (¥ ;, (w), %3 ;, (w))
and (¢, ;, (w), ¥, 1, (w)) are not related:
Ywe[-wo/2wo/2 Py WYy 1, W)=y 1, (W)Py 4, (W)FO

(10)
It leads to Z; and Z3 reconstruction. In fact (9) corre-
sponds for /; and Is to:

YwéE[—wo/2,wo /2,

¥y ll(w)d®zl W)+, ll(w)d@zz (w):d@x(w+l1w0)11)
Py 1, (W)dOz (W) vy 1, (w)dO z, (w)=d@X(w+lzwog

From (10), this system admits the following solution:

YwE[—wo/2,wo/2],
(12)
Yy 1, (W)AOx (wHliwo) =9y 4y (W)dO x (wHlawo)

Py zl(w)l/’z 12("-’)*1/’1 12("-’)1/’2 zl(w)
Yy 4, (W)dOx (wtliwo) = 4y (W)dOx (wHlawo)

d@zl (UJ):
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Z1 and Zs are then the response of X through linear pe-
riodic time-varying filters. In general, the pair (I,12),
verifying (10), is not unique. Thus, we can obtain sev-
eral redundant solutions for (9). Our multi-user system
can also realise error correction as it had be seen pre-
viously for the transmission of an unique information

[2].
3.2. Use of particular clock changes

We suppose now that hy and hy are two periodic clock
changes, that are particular cases of linear periodic



time-varying filters [4]. They are defined by the two
frequency responses Hy ;(w) and Hs ;(w) such that:

Vi e {1,2}, Hy «(w) = gn(t)e” @0 (13)

where f,(t) is a real mesurable function and ¢, () is
a complex integrable function, f,(f) and g,(¢) being
T = 27 /wo periodic. For this application, we take:

) ==fa(t) = f(t) and g1 (1) = g2(t) =1 (14)
Let {¢(w)}rez be:
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The frequency responses of hy and he become:
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Moreover, we consider that f(¢) has the following prop-
erty:
fE) ==10) =1+ 1/2) (17)

Then we have:

T/2
P (w)= % f [cos(wf(t)) cos(kwot)—sin(wf(t)) sin(kwot)]dt
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T/2
:% f [cos(wf (t)) cos(kwot)+(—1)* cos(wf (t—T/2)) cos(kwot)
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:% f [cos(wf (t)) cos(kwot)+(—1)* cos(wf (t—T/2)) cos(kwot)
[¢)
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It means that:

Pr(—w) = (=1)* ¢y, (w) (19)

We submitted Z; and Zs to the periodic clock changes
hy and hy of frequency responses defined in (16) and
verifying (19). We observe X, sum of the outputs of the
filters, and we attempt to reconstruct the initial signals.
As previously seen, the reconstruction is possible if the
condition (10) is verified, in other words if it exists two
integers l; and Iy, with I; — Iy odd, such that:

Yw € [~wo/2,wo /2], { 3?83 zg (20)

The system (12) becomes for I; even and Iz odd:

YwéE[—wo/2,wo/2],

d@X(w+l1w0) " dOx (UJ+ZQUJO)

21/’11 (w) 21/’12(0-’) (21)
de x (UJ+l10J0) _ d@X(w+l2w0)
21/’11 (w) 21/’12 (w)

de Zy (UJ):

de Zo (UJ):

In this particular case, Z1 and Z5 reconstruction is then
very simple to obtain.

4. EXAMPLE

We applied the previous result for multi-user transmis-
sion of binary signals. Thus, for this example, Z(%)
and Zs(t) are two stationary N.R.Z. signals wich spec-
trum is neglectible out of [—wo/2,wo/2[, it means that
99% of the spectrum is in [—wo/2,wo/2[. f(t) is chosen
equal to:

f(t) = —asin(wot) (22)
f(t) verifies (17) and the {9 (w)}, .5 are given by:
/2 (23)

1/’1@("-’):% f giwe sin(wot) —ikwotdt=J; (ouw)
-T/2

where Jj,(aw) is the k’th order Bessel function. We take
a =1 and wg = 167. The transmitted signal is given
by Figure 3.

Bits

Fig. 3, Observed signal

It is impossible to recognize Z; and Z, directly ob-
serving X. We reconstruct then Z;(t) and Z3(¢) thanks
to (21) for I; =0 and I3 = 1. Figures 4 and 5 show the
initial signal and the reconstructed signal respectively
for Z1(t) and Za(%).
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Fig. 4, Reconstruction of 71 (t)
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Fig. 5, Reconstruction of Z5(t)

For binary signals perfect reconstruction is then
possible after a bit detection.

5. CONCLUSION

In this article we have presented an original method of
multi-user communication system. We have used lin-
ear periodic time-varying filters. In particular, it was
shown that perfect reconstruction was simple to ob-
tain with two users by means of periodic clock changes.
Simulations have been done with two signals. They can
yet be generalised with any number of stationary sig-
nals.
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