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Abstract — The paper presents an algorithm for optimal receiv-
ing signalswith jump-likechange of frequency with random lag.
Thedirect examination on the random lag allows obtaining an
algorithm involving a wide range of tasks. For example, such
tasksarereceiving signals for which therandom lag occurs not
only in moving away thelimitsof thetimetact intervals but also
in receiving under the conditions of changing lag.

Keywords — Signals of jump-like change of carrying frequency,
random time lag

I. Problem Setting

As it is known, with radio signals of a jump-like change of
carrying frequency [1-3] the value of the carrier in the tact in-
tervals is given in a code sequence. Without considering the
information modulation, such signals are described analyti-
cally, using a complex presentation as follows:

s(t) = Re{Uoc(t) exp[j(wot + ¢)]} 6Y)
where:

c(t) = Z Uolt — (i — 1)T]exp[j(wit — ;)] (2)

is the modulating function where w; is the value of the fre-
quency jump in the i-th interval and ¢; is the value of the
phase in the same interval.

Let one of the n-number element signals, which are due
for those identically equal to zero out of the interval, is
marked with s [0,7]. Then the signal transmitted can be
described with the expression:

(t) = si(t—iT) 3)
k=0

With the presence of random time lag, the useful signal
received is:

s(t,7(1) =

Z si(t —iT —7(t)) (4)
=0

Let present it in the kind of a known function of informa-
tion discrete parameter 6(t) and random time lag 7(¢), i.e.:

s(t,0,7) = st —7(t),0( — 7(1))] (5)

The discrete parameter takes constant values on tact in-
tervals 8(t) = 6;, t € [t;,t;+1]. The values of the infor-
mation parameter on the various tact intervals form a sim-
ple Markov’s chain 8;, i = 0,1,...n with n states and a

s(t—71(t)) =
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known matrix of the transitions from the i-th into the j-th
state IT = =; ;, and vector of the initial states p = p,. The
limits of the tact intervals are determined by random time lag
7(t), i.e. t; = t;(7). With the time lag realization specified,
the limits of tact interval are:

ti = iT+T(ti)

On tact interval ¢;, ¢;41, signal s(t, 8, 7) coincides with el-
ementary signal s;(t —iT — 7(t)) if 8(¢) = 6i. Random time
lag 7(t) corresponds to the signal lag caused by the relative
motion of the receiver and the transmitter and in the com-
mon case it can be examined as a component of the diffusion
Markov’s process:

At), 7(t) = M (t)

Process A(t) satisfies the system of stochastic differential

equations:
2D — .2 +natt ©)

Here f;(t, \) are functions satisfying the condition of Lip-
shits [4] and n;(t) are Gauss noises with intensity b;; (¢, A).

The a priori probable features of process A(t) are determined
by the equation of Kolmogorov-Foker—Plank [4]:

ow NG,
= Z aT[a’Ot(th)W]_'_

o (E, VW
—ZZ agA =LW] ()

a=1y=1
where W = W (t, A) is the a priori probable density of pro-
cess A(t); aq(t, A) are the diffusion coefficients of Markov’s
process A(t).

The observation on signal s(¢, 8, 7) is realized on the back-
ground of noise, i.e. it has the kind of

§(t) = s(t,0,7) +n(t) (®)

where n(t) is non-correlated with 8(¢) and 7(¢) is white noise
of feature M {n(t)} = 0.

I1.  Optimal Assessment of the Information
Parameter

With a certain realization of lag 7(t), the optimal (accord-
ing to the criterion of the error probability minimum) assess-
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ment of the information discrete parameter constant in inter-
val [¢;,t;11] is determined with expression [5]:

07 = max ' {P(#; =1i)} =
=max; {P[(i + )T +1,i]} (9)

With random values of tact interval ¢; 1, when posteriori
probabilities P(#; = ¢) have to be compared, in the moments
of time the conditional probability has to be examined with
fixed 7, i.e.

P(0; = i) = Pltit1(7),i/7] (10)

The optimal assessment of the discrete parameter can be ex-
amined as a non-conditional discrete parameter posteriori
probability at the end of the interval under observation. The
probability can be determined by the expression:

Pltiz1(7),i/7] = P[i/7, £+1(7) (11)

made average with weight corresponding to posteriori proba-
ble density of random lag P (¢, 7). Then in the i-th tact inter-
val the algorithm of assessment of the information discrete
parameters takes the kind of:

0 = max{l{P(Hi =1i)} =

= max; ' { / Pltiss (7). i/7)Pltips (7). 7ldr ) (12)

I1l. Conclusions

The paper presents an algorithm for optimal receiving signals
with jump-like change of frequency with random lag. The
direct examination on the random lag allows obtaining an
algorithm involving a wide range of tasks. For example, such
tasks are receiving signals for which the random lag occurs
not only in moving away the limits of the time tact intervals
but also in receiving under the conditions of changing lag.

The algorithm obtained (12) presents a summary of an al-
gorithm for assessment of a constant parameter in a certain
interval with the presence of indeterminacy at the moment of
signal appearing.

References

[1] Cooper G.R., C.D. McGillem, Modern Communications and
Spread Spectrum. New York, NY, 1986.

[2] Holmes, J.K. Coherent Spread Spectrum Systems. New York,
NY; Wiley, 1982.

[3] Kumar, P.R., Varaiya. Stochastic Sustem Estimation, Identifi-
cation and Adaptive Con-trol. Englewood Cliffs, NJ Prentice-
Hall, 1984

[4] Moser, R.J. Spread Spectrum Techniques Microwave Journal,
8/1982.

[5] Spread Spectrum Communication Systems. Course notes. Inte-
grated Computer Systems.Publishing Company, Brussels, 1992



