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Abstract—Obtaining sufficiently high bandwidth and noise
immunity of transmitted discrete data is achieved by using a
super-high-frequency short-range radio channel. The features
of duplex data exchange between various sensors of the system,
as well as an algorithm for detecting their communication
establishment are described. The probabilities of correct and
false detection are found for this algorithm. It is shown that the
speed of movement of the mobile module located on the vehicle,
as well as the radio visibility range of the point sensor will
determine the amount of transmitted data. The characteristic
dependences for the radio visibility range are given. It is shown
that noise immunity of the radio line can be described by the
probability of error when transmitting a signal element. It is
shown that signal fading caused by interference of direct and
reflected from the underlying surface fields in the receiving
aperture is critical for the noise immunity of the short-range
radio channel. An expression for determining the modulus of
the attenuation multiplier is obtained. The error probability is
found for the case of a uniform distribution of the signal phase.
The noise immunity of the radio line during fading of the
received signal is determined for cases of a steady '"shiny"
point and of a large number of equivalent reflection points.
The dependences of the error probability during signal
transmission are obtained, taking into account both the value
of the signal/noise ratio and the actual conditions of
propagation of electromagnetic waves including reflections
from the underlying surface.
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I. INTRODUCTION

When creating automated traffic control systems for
vehicles (V), the task of reading or exchanging data between
a moving vehicle and a stationary point located in a certain
local spatial area is of vital importance. For example,
performing such a task is necessary when building a system
of automatic collection of primary data about the movement
of goods on the railway network, when creating an
automated control system for the movement of underground
trains, buses, trams, etc. [1-4, etc.]. Although this problem is
not difficult from a scientific point of view, however, very
often operating conditions of such systems, for example,
railway transport, turn out to be so complex that many simple
solutions do not meet the requirements.

Experience has shown that in order to adjust the vehicle
movement program and transmit various kinds of current
data, it is most convenient to use the ultra-high frequency
range (UHF), which has a number of advantages both in
terms of noise immunity and technical implementation. The
use of the microwave band makes it possible to organize a
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communication channel almost "closed" for the effects of
external interference, thus to make it work at its full capacity.

As a rule, the distance between the transmitting and
receiving microwave device does not exceed several meters,
and the exchange of information is carried out during the
stop, although, if necessary, it can be carried out during the
movement of the vehicle [5-8, etc.]. The exchange of
operational information between a vehicle and a stationary
point can be both duplex and simplex, carried out using so-
called point sensors (PS).

The aim of the work is to analyze the features of
construction and operation of short-range microwave radio
channel (SRMRC) using point sensors of duplex exchange of
discrete information, including the algorithm of detection of
communication of the named sensors and determination of
interference immunity of radio link at deadlocks of received
signal.

Let us consider and analyze the features of the
construction and functioning of point sensors for data
exchange.

II. A POINT SENSOR FOR INFORMATION EXCHANGE

Since such sensors include two transmitters and
receivers, and the distance between them is relatively small,
such sensors can be regarded as the simplest radio channel
with a small range.

The set of equipment [8] includes mobile and stationary
half-sets, including M1 and M2 modulators, low frequency
generators LFG, super high frequency signal generators
SHFG and horn antennas HA on the transmitting side. On
the receiving side there is a matching device MD, a limiting
amplifier LA and a detector D.

The operation of the radio line is carried out as follows.
A control discrete sequence is sent from data transmission
equipment (DTE) on board the vehicle to the modulator M of
the transmitter starting from a certain point in time. A
modulated microwave signal is emitted by the HA antenna
towards the installation site of the stationary half-set. Since
the distance between the receiver and the transmitter is small,
the receiver is built according to the direct gain scheme. The
floor receiver detects the control sequence, which means
entering into communication, after which the transmitter of
the stationary set is switched on. Similarly, the connection of
the receiver of the mobile set is carried out.

The difference in the polarization of channels of the
duplex radio line makes it possible to eliminate mutual
influences.

Synchronization of transmitted discrete sequences is
carried out using clock and cycle synchronization systems,
which are part of DTE.

Note that more complex types of modulation can also be
used to ensure high noise immunity.
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An important characteristic of data exchange sensors is
the radio visibility zone /,, which is understood as an extent
of the spatial area in which data can be exchanged between
the floor and on-board sets. The radio visibility zone is
determined by the direction of the antenna 0 and the distance
between the receiving and transmitting antennas R, (Fig. 1).
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Fig. 1. Geometrical arrangement of the antennas of the data exchange
sensors

If the vehicle is moving at a speed V' along a line normal
to the direction of radiation, then the radio visibility zone
will be determined based on the expression

I, =2R,tg(6/2).

Figure 2 shows the dependence of the radio visibility
zone /, in the horizontal plane for a pyramidal horn antenna
with the following characteristics: the length of the horn Ry
in the plane E: Rr = 5\, where A is the wavelength of the
microwave signal; the size of the output section of the
antenna aperture b, = 0.08 m; the angle of the horn antenna
aperture in the plane £: 2¢,, = 5° with respect to Ry [9].
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Fig. 2. Dependence of the radio visibility zone on the distance between the
receiving and transmitting antennas

Knowing the value /, and the speed V' of the vehicle, it is
easy to calculate the time of data exchange

t=1,/v,.

The dependences ¢ on ¥y and on R, are shown in Fig. 3.

So, for example, when /, =2 m and V', = 27.7 m/s (100
km/h), the transmission time of information is equal to
t =7.2-107 sec. Using DTE with a transmission rate of 9600
Baud means transmitting 600 bytes of information in one
direction. That is, in radio lines of this type, the amount of

data transmission and transmission time are limited. They
can be increased either by increasing the transmission speed,
or by increasing the radio visibility zone.
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Fig. 3. Dependence of data exchange time on the vehicle speed, at
different values of the distance between the receiving and transmitting
antennas: a when the speed is = 0...100 km/h, b at the speed Vy =
100...220 km/h

III. THE ALGORITHM FOR DETECTING CONTACT
ESTABLISHMENT

The algorithm for detecting the fact of establishing the
communication has the following form. Let the input of the
threshold device (TD) receive a sequence of M samples u; of
voltage u(¢), which is a random process y(¢) at the output of
the preprocessing unit of a mixture of the signal s(¢) and
noise n(7) y(t)=s(t)+n(t), ornoise y(¢)=n(t)only.

The counter turned on at the output of the TD sums up
the number of samples N that have exceeded the threshold
value Uy (in M samples), and the resolver (R) makes a
decision on the presence or absence of the signal. For this
purpose, the summation result N is compared with the
threshold 4. If N >k, then a decision is made about the
presence of the signal. If N <k, then a decision is made
about the absence of the signal.
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We assume that all samples #; are mutually independent,
whereas the probability of a false alarm when making a
decision based on one sample is assumed to be the same for
all samples and is denoted as (1 — p). Then the probability of
a false alarm Pp, at the output of the described detector will
be determined by the binary law of distribution of N in the
absence of the signal in the samples u;:

Pry = szo C}i{ (1_17)1 pM_la

where C,, is a number of combinations.

Suppose that the probability of exceeding the threshold
level Uy, in samples are equal to each other and are denoted
as p, then the probability of correct detection Pcp will be
determined based on the expression

Fep =ZZ%C}§4 (l—p)

It should be noted that the contribution to the value of
each sample u; due to the presence of the signal is generally
different, since the signal can be present in an arbitrary
number of samples M, not necessarily equal to M, that is
M, <M . In addition, the signal strength due to fading may

vary over time. In this case, the expressions for determining
Pcp and Pr, are much more complex and can be determined
only with the help of calculations performed with a personal
computer.

M-

P

IV. NOISE IMMUNITY OF THE SHORT-RANGE RADIO
LINE WHEN THE RECEIVED SIGNAL FADES

The noise immunity of the radio line will be
characterized by the probability of an error when
transmitting a signal element Pr. With incoherent reception,
in the case of using amplitude modulation in the radio line,
this probability can be found based on the expression [10]

P(q,)= O.Sexp{—O,Sqf

AI"

3 (1)

Here |4, is the modulus of the attenuation multiplier,
which characterizes the real conditions of propagation of
electromagnetic waves along a section of the radio line;
q> =2PT/N; plays the role of the signal/noise ratio (SNR),
where P; is the power of a signal element with duration T, N,
is the spectral power density of noise.

It is known [4, 6] that at short range signal attenuation in
the propagation area can be neglected.

Signal fading resulting from interference of direct £ '

and reflected from the underlying surface E,, fields in the
receiving aperture has a determining effect on the noise
immunity of the radio line (Fig. 4).

Let us determine an attenuation multiplier 4,.

The total field intensity at the receiving point E; will be
determined as the sum of two components (2) where P, 0y,
G, are, respectively, the radiation power, efficiency and gain
of the antenna-feeder path of the transmitting antenna; F,(o),
F,.(B) are, respectively, the directional characteristics of the
transmitting and receiving antenna; o is the angle between
the direction of maximum radiation and the direction to the
center of the receiving aperture; 3 is the angle between the
maximum radiation pattern of the receiving antenna and the
pattern of the transmitting antenna; |(D(x, y)|, Bolx, v) are

respectively, the modulus and phase of the reflection
coefficient, taking into account the decrease in amplitude and
phase when reflecting electromagnetic waves from
underlying surface; C(x, y) is a current point with the
coordinates (x, y) of the underlying surface D(x, y) forming
the reflected wave; a is the angle between the direction of
maximum radiation and the direction to the center of the
receiving aperture; B is an angle between the maximum of

Fig. 4. Geometric explanation of the process of reflection from the underlying surface
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+J‘D(x’y)|(l)(x,y)|%[§r [oc + Aoc(x,y)}E, [[3+ AP (x,y)] exp{—ikr2 +iBy (x,y)} ds(x,y).

the radiation pattern of the receiving antenna and the
direction to the transmitting antenna; 7 =4B
r,=AC+CB ; k=2n/L .The angles Ao and AP are
explained by Fig. 5

Assuming that ;' ~ 7y
(2) as

—1 .
~r~, we transform expression

£ =E[F,(o)F, (B)+ (.0 faB)]. )

. 1 . . .
where E; =—./30FN,G, exp{ikr;} is the intensity of the
r

electromagnetic field during free space propagation of the
signal;

J, (o, Aa, B, AB) =
= [ B Lo dau(p) ], [ aB (. )]

><|(D(x,y)| exp{i[kAr (x,5)+Bo (x,y)}} ds(x,);

Ar(x, y) is the distance from the points A or B to the point
C(x, y) which forms the reflected wave and is located on the
underlying surface D(x, y).

According to [9], the expression in square brackets in
formula (3) represents the attenuation multiplier
characterizing the interference of direct and reflected waves,
thatis £, = E,4,.

For practical applications, the modulus of the attenuation
multiplier is of greater interest

={F* (0u.B)+ F* (cr. A, B, AB) @7 (x, y )|+
+2F (o, B) F (o, Act, B, AB)|(D(x, y)| cos (p}o'5

A

-

Here
F*(ouB)=F, (a)F, (B):
F(o,Aa,B,AB)=F, (a+Aa)F, (B+AB);
O =kAr+B,.

By writing down:
=F(a.p); b=F (o, Aa,B,AB)|®(x.y).
we transform expression (1) as

Py = (C]s |a,b,(p) = O.Sexp{—O,Sqf (a2 +b +2ab)coscp}.

We assume that the phase ¢ is evenly distributed:

1
—, if el-n,m|;
peW(9)=12n o€l ]
0, if o[-mn],
where W(o) is the probability distribution function (PDF) of
the phase.

F, (o)exp{~ikn} F,,. (B)+

)

Taking it into account, the probability of error will be
determined based on the expression:

B =(q.1a.0)=]" P (g, |a.b.0)W (9)do=
=1, (a,b,qf )exp{—O.Sqf (a2 +b2)}/4n,

where y(.) is a zero-order Bessel function.

The first factor in expression (4) determines the random
nature of the envelope of the signal reflected from the
underlying surface. Since D(x, y) can be regarded as an
extended surface, the assumptions made about the PDF W(b)
can be the same as about extended targets considered in [11].

In practice, two reflection models are of the greatest
interest: the one with a stable "shiny" point [12] and the one
with a large number of equivalent reflection points.

In the first case

W(b)zizexp{_bz';za }[0 (bab/GZ), 5)

S, b

(4)

where &, is the variance of the coefficient b of the signal

reflected from the surface D(x, y); a, is the value
characterizing the mean of the coefficient b.

In the second case, when there is a large number of
equivalent reflection points

2m" b mb*

xpd —
T e o (G
where m is a distribution parameter; I'(.) is a gamma
function.

Note that the PDF described by expression (6) is called a
Nakagami distribution [13]. It is quite versatile. So, when m
= 1, expression (6) becomes a Relay distribution [14], when
m > 1, it becomes a generalized Relay distribution.

Substituting expression (5) into (4) and averaging over
the parameter b, we find that the probability of error in this
case will be defined as:

P=[ P, (b)db =
=1, [(ab,a,q,)/(cbq, +l)}cz X

xexp{ Q/[Zn g’ +1) }}

6 2 4

0= [q a’c) +q: cb(2a2+2a,f)+

+q. (2a202 +a’+2a, ) +a, (2 +o, )] [O.S(quf + 1)2 ]l

In the second case, when the PDF W(b) is described by
the Nakagami distribution (6), it can be shown that

W (b)=

q|ab

where
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v [m,l,—a2q3/4%J

P.=m" exp{—azqf /2} dno

1 .
where %=qu+£2; IFI[OC,B,Y] 18
b

hypergeometric function.

a degenerate

If m = 1, that is, when the PDF W(b) degenerate into a
Rayleigh distribution, then

F [m,l,—a2q3/4%J =exp{—a2qf/4%}.

Expression (7) is simplified by follows

a2 2 2
exp ——2% {H 9 }

2
P:

E

2
4no)

In this case, the dependences of the probability of error
during transmission of an elementary symbol on the value of
the SNR will have the form shown in Fig. 5.
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Fig. 5. The dependence of the probability of error on the value of the SNR

. 2
at different values of G; and a,

The study showed that even when the SNR ¢, > 5, the
reliability of the data exchange sensor is very high. So, when

g. = 5; ay = 1.0 and o, =1.0 the probability of error is
P, <107".

V. CONCLUSION

Thus, the issues related to organizing the exchange of
discrete information in an ultra-high-frequency short-range
radio channel based on point sensors of data exchange are
considered. The features of the construction and functioning
of point sensors are analyzed. It is shown that radio lines
based on them are short-range radio lines in which the
volume of transmitted information and the transmission time

. (D

are limited by the radio visibility zone of the point sensor and
the speed of the vehicle.

The algorithm for detecting the fact that the data
exchange point sensor enters into communication is
considered, the noise immunity of the short-range radio line
built on its basis with fading of the received signal is
analyzed. We obtained the dependences of the probability of
error during the transmission of a signal element on the
signal/noise ratio at different values of the modulus of the
attenuation multiplier which characterizes the real conditions
of propagation of electromagnetic waves along the radio line
section, as well as the reflection of electromagnetic waves
from the underlying surface.
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