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Abstract:

Movable radio-communication systems are known 10 cause uncertain delay of the
received signals as a result of the changing distance between the movable objects. In the
promising wide-band systems with leap changing bearing frequency shall establish and
maintain synchronization through a combination of autonomous synchronization made
possible by the introduction of compact high-stabilit y frequency references, and forecasting
methods for the distance between the transmiiter and the receiver using auxiliary devices
such as dedicated calculating units, which will pravide 1o obtain sufficiently accurate daia
to compensate for the delay. In view of this setiing, here, an algorithn is suggested for
autonomous synchronization with forecast of random delay fluctuations.

The problem of communication system synchronization lies in the
time combination of periodic processcs, describing the operation of the
transmitter and the receiver. Even the precise knowledge of the transmitter’s
starting operation time and the perfect stabilization of the time standard arc
no complete solution of the synchronization problem. This is especially
valid for mobile radio communication, where the change in the distance
between the mobile objects generates indefiniteness in the delay of the
received signals. Neverthcless, some authors {1,2] consider that in the
future, broad band systems with discontinuous variation of the carrier
frequency will use a combination of the method of autonomous
synchronization in connection with the creation of compact highly stable
frequency standards and methods of prognosticaling the distance between
the transmitter and the receiver by additional means, including special
computing facilities and providing the possibility to obtain sufficiently
precise information for the purpose of compensating the delay. With a view
to this formulation, one of the objectives of this papcr is to propose an
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algorithm for autonomous synchronization with prognostication of random
delay fluctuations.

The most universal approach to the problem of the synthesis of
optimal receiving algorithms is based on Markov’s nonlincar filiration
theory. To compensate the delay T (t) in the signal propagation medium s(t),
the signal should be emitted ahead of time, 1.e. it should b€ of the kind:

S«{t) = s[t+x{t)].

When available delay T (t), the useful signal at the receiver’s input is
described by the expression:

(D) Slt-T (O] = S{t-T (+x[t-T (O]}

The problem, whose solution is the subject of this paper, is to
determine the value of x(t), at which maximum root-mean-squarc of the
displacement €(t) is obtained at the time of rccciving the signal at the
receiver’s input with avaitable random delay T (1), or

2y ey =T {{)-x[t-T (1.

To determine x(t) the total current information about the random
delay can be used, which is contained in the realized w(t) during the time
interval [0t] at the receiver’s input. This oscillation is a mixture of useful
signal and noise:

(3} w(t) = St (D]+n{D).

The signal emitted by the transmitter at random time tg enters the
receiver’s input through a random delay channel at time t), so that the
obvious equation:

4y Toe=ti-T().
is satisfied.

The described problem could be reduced to determination of the
advance x(t), providing minimum root-mean-square of the displacement
e(ty) of the signal, received at time t;, based on the observation of the
realization w(t) by the time of the signal’s emission wy = {w(t), O<t<tg]..

As well known, the optimmum root-mean-square estimate coincides
with the arbitrary mathematical expectation:

(5) Xy =M{z Wl wo} = [7:Py(d to) dt;

Pu(tlte) = P{t (1) wo).
To avoid considering the process at random times, it is reasonable to
introduce the following process:

6} Tilto) =7 (L)
From (4} it follows that
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(Mt =1t +T ()] =7 [to + s (to)].

In this case with respect to the probability density Pi(z| 1) it could be
said that it is the current presumptive density of the process’s probabilitics T
i{t;

Prielt) =Pl wl wo} = P(ta(to)l wo}.

The physical meaning of © ((t) is the delay of the signal emitted at
time ty..

From (7) can be derived an equation, determining the relation
between Pi(t ,t) and P{z,l t) = P(e(t+D) wg), or the a posteriori probability
density of the random delay at the fixed time (t+1). If I is regarded as a
random value with probability density P(), and t (t+1) as a function of this
value, than based on (6), the following is valid:

8) P{T\(0) =] wa) = mjp{r(r +1) =1] wyP(Ddl

From (7} it follows that 1=7,(t), or:

P =Pin) =1 lw} =Pl )

In this way, a homogeneous Fredholm integral equation of the
second type can be defined, providing the possibility to determine Py(t| 1) at
assigned probability density P{z,{ 1),

9  Pizlo= j P(1; 1

Lquation (9) relates the probability characteristics of the (1)
process to the characteristics of the <(t) process. The algorithm of
calculating P(t; 1|1} follows from the results of the optimum noniinear
filtration theory. The random delay can assume non negative values, or
7, (1)>0, Pi(t] )=0 for 7<0. That is why in (9}, only P(z; | | £) for 10 or only
the extrapolated probability density is used. In practice, it can always be
assumed that T {t) is a Markov process component A{t) = {t (t},B(1)}, T ()
being scparated explicitly.

If S(t) is a synchrosignal, emitted by the monitoring station and the
delay is thc only random parameter of the S,(t) signal, then the assignment
of 7 defincs completely the signal:

Sxlt-T (O = S{t-7 (D+x[t-T (O]}

The reatization of wy'™™ “ in formula (1) is known, determined by
previous observations.

S0, the determination of thc a posteriori probability density of the
probabilities P(t; | ‘t), based cn the observation wY, is a problem of the

P (] od.
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Markov theory for an optimum linear filtration, that can be solved. The
probability density can be determined by the equation :

(10) w =L{ P(z; 1| 1)},

where L{.} is the presumptive operator of Focker — Plank - Kolmogorov
121

The initial condition in this equation is determined by the expression:

P, v=.0 | t)=PA),

wherc P(LA) . P{A(t) | w's} is the current a posteriori probability density

of the A(t) process at the observation y*y, determined by the equation for the

filtration cquaticn of Stratenovich [2]. In this case it is of the following
kind:

(i1}
where

) = —;7 {w(l) 8x(t-T) - 2 ST} 5 Ful(t) = J. Fi{t,T) P{t,A)dA

AP(T,A)

w L{P(LA)} + [Pt D) - B O] PG,

For the purpose of simplifying equations (10), (11) and forming the
extrapolated probability density P(t; 1]1) it is reasonable to apply the well
known method of the Gaus approximation.,
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CUHXPOHM3AUMNS B CHCTEMU C PA3ITPEAEJIEH CIIEKTHP

Anmonuo Andonoe, Hnxa Cmedpanosa, Kvnuo Kunyes
Bucwe mpancropmuo yuwnnye "T. Kabnewios",

Pesome

B cucremute wWa mojBmKHAaTa pamMOBpBIKZ BCIEACTBHE A
MpoMAHaTa Ha pasCTOsHMETO MEXAY NOABMXHATE OBGSKTH BBHIHUKEA
HEOUPEACICHOCT B 38KHCHEHHMETO HA  LPUEMaHWTe curHaiy, B
HEPCHEKTHBHATE IHPOKOICHTOBM CHCTEMH CLC CKOKOOOPasHO H3MEHEHHE
Ha HOCCIHaTa 9eCT0Ta, 32 YCTAHOBABAHE U HOMTBPKAHE HA CHHXPOHH3ALHUS
WE € BB3MOKHO M3IOJI3BAHC HA CHUCTAlIHE HA MCTONA 33 2BTOHOMHA
CHHXpOHU3allMsA BB BPB3KA C CB3/1ABAHETO Ha KOMUAKTHE BHCOKOCTAOHITHN
CTATONM Ha 4ECTOT2 M METOAM 3a [POTHO3MPAHE HA PA3TOSHUETO MENCY
pefiasaTens W MpUEMHHKA ¢ [OMONITA HA JONBIHHTENHM CpPEACTBa,
BKOIOYBAINY  CTICIMANHM3UPEAHN  M3YMCIHTENH)  YCTPOICTBE 1 maBaluu
BbIMONHOCT Ha €€ NONYYH JOCTATHYHO TOYHA MHOOPMALMA ¢ OrIeq
KOMIICHCHpane na 3axbCienuero. C Orey Ha TasM [OOCTAHOBKA B
HacTodmlata  pab0Ta ¢  OPCANOKEH  aITOPHTBM 33 ABTOHOMHA
CHHXDOHMIALMs ¢ TPOrHO3WpAilc Ha Ccloydadind  QuykTyaiud ua
3aKBCHEHHETO.
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