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ABSTRACT

We consider a system of navigation for the aircraft consisting
of sensors that use technology MLAT. The main purpose of the
paper is to solve applied problems of sensors time
synchronization using reference-transponder within the group
of sensors. One of the most important conditions for using this
technology is bringing a group of sensors to a single timeline
concerning the timing-pulse generator frequency of one of the
sensors. Additionally, determination of the conditions is needed
for a finding of solid zero-point timing within this group of
sensors. Also applied problems of time synchronization of
several groups of sensors are solved.
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1. INTRODUCTION

In previous works we have dealt with the issue of aircraft
maintenance in terms of software for processing and filtering of
the signals received on the side of the controller [1]. At this
time, we consider the problem which arises at an earlier stage —
between the reception of the signal and processing by the
observer. We consider a system located in the territory of
difficult terrain, working on technology Multilateration
(MLAT) [2].

One of the most important conditions for this technology is
time synchronization of all sensors. Each sensor calculates the
timing of receiving or sending signals based on the frequency of
its internal timing-pulse generator.
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Frequency of timing-pulse generator is not a static value, it
can have an error in the direction of increasing and decreasing
or alternately one or the other. This may occur due to
overheating of the sensor at the sun in summer or overcooling
in winter, also the reason may be the aging of the generator or
the deterioration of the equipment interacting with the
generator. Furthermore, each sensor is activated asynchronously
with the other and has its own starting counter value generator.

Thus the problem of synchronization involves bringing time
of all sensors to a single timeline and, in some cases, finding a
solid zero point.

2. DESCRIPTION OF MODEL

Let us consider a situation where for the coordination of
sensors is used reference-transponder — a special device that
sending and receiving the test messages and have access to
satellite time.

A group of one reference-transponder and N sensors that are
within reach of the transponder’s signal and sufficiently
frequently receive the synchronization signal will be called the
domain. The model of calculation the internal time has the
form:

Figure 1: Example of domain. RO is reference-transponder,
S1, S2, S3, S4 are sensors.
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Ng=No+ f(Ts — Ty + 5),

where N, is the counter of timing-pulse generator clock at a
time Ty, T, is the time at some point, conditional zero, Ty is the
time at the moment of emission timing signal, S is the time
during which the signal reaches the sensor (temporal distance),
f5 is a conversion function from seconds of real time to sensor
timing-pulse generator cycles, inverse of timing-pulse generator
frequency, N; is the value of generator counter at the moment
of receiving a synchronization signal.

Based on the geometrical position reference-transponder and
sensors, temporal distance of i-th sensor is calculated by the
formula [3,4]:

Si =3 = %)%+ i = ¥ + (2 — 2)2 Viignes

where x,,y,,z,. are coordinates of reference-transponder,
X;, Vi, z; are coordinates of i-th sensor.

The values of N, and T, are abstract and used in the model
only for convenience, as in the subsequent calculations used
only intervals AN and AT.

3. SYNCHRONIZATION MODEL OF
SENSORS ISIDE A DOMAIN

For synchronization of one domain we will consider two
consecutive signals from the reference-transponder on i-th
Sensor:

NP = No+ £ (T =Ty +5,),
and
NP = No+ £, (TP =Ty +5,),
then
AN = faT@®

Since the time between signals AT = T2~ is equally for
all sensors then we obtain:
ANs(iZ)_(l) ANS(]_Z)_(D
i 5

for any i-th and j-th of sensors in the domain.

Therefore it is possible to scale a timeline concerning to the
frequency i-th sensor for all sensors of the domain:
fi= ook
Si

By adding to the domain, which synchronized concerning to
the i-th sensor, one reference-transponder and sending at the
same time synchronization signals from each transponders, we
obtain:

N = No + fi(T™ = To + S14),
Ng’ = No + fi(T™%2 = To + S, 2),

Ns*j =Ny +afi(T™ =Ty +S51),

N’ = No+afi(T™ =Ty +5,,),

where a = fj/fi.

Let present the Nsri %2 _ Nsri"1 and Nsrj"2 —Nsrj 1 considering

difference T™%2 — T"°1 as one variable AT:
Ng’* = Ng = fi(AT + S5 = S14),
Ng* = Ng* = afy(AT + Sy, = S2,1).
Therefore we can uniquely express f;:
ANS], — alANg,
- 0((52,2 =812+ 511 — 52,1)

fi

4. SYNCHRONIZATION MODEL OF
DOMAINS

Figure 2: Example layout of two domains.

A more complex case of placing sensors is the situation when
two domains share one common k-th sensor. Let us consider the



Proceedings of the International Workshop on Applications in Information Technology

domains as two groups — the domain of reference-transponder 1
(ro1) and the domain of reference-transponder 2 (ro,). Let us
find the equation concerning the emission time synchronization
signals for each sensor in the domains, which will look like:

N/ = No + f;(T" = To + Si r0,)
or
N}.“’Z = No + f;(T7% = To + Sj r0,)-

Synchronizing the sensors in each domain concerning to the
k-th sensor we obtain:

N/ = No + a1 fie (T = T + Siro,)
or
N/ = No + @ fi (T = To + Sjro, )-

Thus, the time of both sensors can be scaled to a common
timeline concerning to the frequency of k-th sensor. It does not
matter by which sensor’s frequency of generator time was
synchronized within each domain.

Adding to a model with two domains one more common m-th
sensor we obtain the sub-domain that consists of two sensors
and two reference-transponders on the intersection of domains
coverage area. This will allow due to the sensors
synchronization algorithm within the domain with two
reference-transponders uniquely express the frequency of k-th
or m-th sensor and thus bind to the solid zero point sub-domain,
and through it both domains.

5. CONCLUSIONS

In such a way it can be argued that having a system of N
domains, intersecting by one sensor, is enough to place in the
intersection area of adjacent reference-transponders one
additional sensor, frequently enough receiving a time
synchronization signal from these two transponders, that in the
acquired sub-domain it can be uniquely calculate the frequency
of synchronizing sensor and thereby bind the system to a
common time scale with solid zero point.

Should be noted that the algorithms developed in this article
and in [1] in the future will become a part of the intellectual
system support aircraft. It is planned to use them to identify the
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trajectory of the aircraft in various modes. In addition, to
improve the quality of this identification is expected to use the
methods of mathematical theory of control [5, 6] and the multi-
program control [7-9].
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