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with 8 of the magnitude 10-4
rv 10-3 • We call signals of

this kind essentially band-limited, and 2W is their essential
bandwidth.

Defining the cross-correlation r i,j (T) of the signals Si, Sj

at lag T by the formula

we have that ri,j (T) == 0 outside the interval [-T, T] due to
Si, Sj being time-limited.

As is well-known, the time-bandwidth product 2WT im­
poses a lower bound on the maximum absolute value of r i,j
[2]. Therefore, we fix the 2WT parameter in this paper, and
consider the problem ofsynthesizing pulse pairs 81, 82 so that
for all T E [-T, T], rl,2 satisfies the inequality

ABSTRACT

We introduce a method for the synthesis of pulse pairs that
satisfy simultaneously the time-bandwidth condition and the
maximum cross-correlation condition for all lags. Pulse pairs
with such properties are essential to synthetic aperture imag­
ing - including both SAS and SAR - when multiple trans­
mitters are employed. Formulating the problem in a finite
dimensional Euclidean space setting, we identify the geomet­
ric properties of the feasible set that arises from the maximum
cross-correlation condition. We then develop an iterative al­
gorithnl that modifies the feasible set such that additional unit
energy constraints on the signal pair are also satisfied. We
illustrate the effectiveness of the method with several exam­
ples, where the cross-correlation function shows significant
improvements over both the PN sequences, and pulses ob­
tained by a previously reported method.

(2)

Expressing Si in an appropriately chosen set of N i basis
functions cPi,m, we write

We rely on the smoothness of the pulse functions to ensure
that Irl,2 (T) I stays within the specified bound for lags that are
outside the set r; our results show that indeed this is true. Fi­
nally, we assume that 81, 82 have unit energy. In other words,

(4)

(5)

(3)

i == 1,2,

for each Tl E r.

N i

Si(t) == L bi,m cPi,m(t) ,
m=1

where bi,m are corresponding expansion coefficients. The in­
equalities (3) can then be interpreted as a representation of a
convex polyhedral set in the N i -dimensional Euclidean space,
and the unit energy constraints (4) prescribe unit-spheres.

for particular E'S. For applications considered in this paper,
we set E to about 10-2 •

Instead ofdealing directly with the semi-infinite constraint
set specified by (2), we impose the constraint on a finite set of
points r == {Tl' I == 1, ... , L}. Sampling the cross-correlation
function at these points, we arrive at the system ofinequalities

Signal sets that have small pairwise cross-correlations are es­
sential to many applications in radar, sonar, and communica­
tions engineering. In data communications, for instance, low
cross-correlation facilitates error-correction, synchronization
and user separation. In multiple transmitter synthetic aperture
imaging (SAl) systems, image resolution can be enhanced by
employing signals that have small cross-correlations. In these
settings, signal sets with the above properties have been stud­
ied, and satisfactory results have been obtained (see, for ex­
ample, [1,2] and references therein). However, the level of
cross-correlation achieved by earlier methods is 100/0-15% of
the signal power, which is relatively high.

In this paper, we consider a set of real signals {Si ( t) } that
are time-limited to the interval [-T /2, T /2] whose energy
Si (f) outside an interval (say, [-W, W]) is small. In other
words, {Si (t)} satisfies the conditions
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