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Abstract

Leaky coaxial cable is widely used in the wayside system
as an antenna to distribute the stable wireless signal to the
onboard system in the communications-based train control.
The common practice in obtaining the high gain communi-
cation is to align the main lobes, i.e. beams, of the onboard
system’s antenna and the leaky coaxial cable (wayside sys-
tem’s antenna) by referring to their ideal radiation patterns.
This paper investigates how the realistic leaky coaxial cable
setting distorts such the ideal beam and causes the beam
mismatch loss between the antennas using both measure-
ment and electromagnetic simulation approaches. Then,
this work points out the way of exploiting such distortion
to obtain higher communication gain.

1 Introduction

Recently, wireless communications are widely utilized for
the train control and signaling system [1]. In such the
communications-based train control (CBTC), the leaky
coaxial (LCX) cable is typically used as the wayside an-
tenna to communicate with the onboard antenna [2].

Most of the CBTC projects work on the ISM frequency
band [1]. The common practice to obtain the high gain
communication and overcome the high interference noise
in the ISM band is to direct the main lobe of the radiation
pattern (beam) of LCX cable to the onboard antenna [2].
The typical way of doing such beam alignment is to rely
on the ideal radiation pattern provided by LCX’s supplier.
However, considering one of the common practical settings
of LCX cable as shown in Fig. 1, the LCX cable is typi-
cally fixed with the available infrastructures such as con-
crete walls or similar things, where p and q parameters rep-
resent the relative position between LCX cable and con-
crete. According to the antenna theory [3], such an object
may act as the plate reflector and change the desired beam
direction as well as the beamwidth.

Therefore, this paper investigates how the concrete reflec-
tor alters the ideal LCX beam to provide useful insight for
dealing with the beam alignment problem in CBTC. The
investigations were conducted using both measurement and
simulation approaches.

Figure 1. Example of the practical horizontal LCX cable
setting
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Figure 2. Basic characteristics of the leaky coaxial cables.

The measurement results show that the considerable beam
mismatch loss can occur in case of relying on the ideal
beam direction. The simulation results reveal that the beam
pattern of LCX cable can be controlled by adjusting p and
q parameters. These results give the insight to exploit the
concrete reflector to obtain higher communication gain in
CBTC.

2 Basic Leaky Coaxial Characteristics

As theory formulation described in [4], the radiation angle
on the yx plane (ϕ) of LCX cable depicted in Fig. 2 depends
on three parameters, the relative permittivity of dielectric
layer (εr), wavelength (λ ), and period of slots (P), as

ϕm = sin−1
(√

εr +
mλ

P

)
, (1)



where m is the spatial harmonic in x–axis. As for the ra-
diation angles of the LCX cable on the zy plane, the beam
radiates to the forward direction from the center of slots
outwards.

3 Investigation Approaches

There are two main purposes of the investigation. The first
one is to understand the beam mismatch effect in the real-
istic setting of the LCX cable (concrete reflector case) in
CBTC. The second one is to find out the parameters which
significantly influence the change of LCX beam in the con-
crete reflector case to provide useful insight for dealing with
the beam alignment problem in CBTC.

3.1 Investigation of beam mismatch effect

As for the first purpose, this work conducted two measure-
ment cases and compared these results with the electromag-
netic simulation results obtained from the method of mo-
ments solver (FEKO software [5]).

The model shown in Fig. 1 is converted to the measure-
ment scenario in Fig. 3. Two measurements were conducted
in the anechoic chamber. There existed the construction
concrete and the LCX cable in the first case (with-concrete
case) using a combination setting of p = 3r mm and q = 0
mm, where r is the outer radius of LCX cable. On other
hand, there existed only the LCX cable in the second case
(without-concrete case).

The length, width, and height of the concrete block are 1
m, 0.3 m, and 0.1 m, respectively. The transmitted an-
tenna is the RADIAFLEX® RLKU78–50JFLA cable [6].
This is the periodic vertical slotted LCX cable. The ca-
ble length is 1 m and the diameter over jacket is 28.50
mm (the outer radius r is 14.25 mm). The center of each
LCX slot was directed to the θ = 90◦ direction on the zy
plane. The received antenna is the half-wave dipole an-
tenna (ASD–2425B [7]), respectively. The dipole antenna
was moved from θ = 70◦ to θ = 270◦ on the zy plane
with a 5◦ step. As for the reference (Fig. 3), the origin
is a center point of LCX cable, while the dipole antenna
locations ({x,y,z}) at θ = 90◦, θ = 180◦ and θ = 270◦

are {0,0.75,0}, {0,0,−0.75} and {0,−0.75,0} m, respec-
tively. At each move, the S-Parameter (S21) was measured
by the vector network analyzer (VNA) using 1024 tones
of 350 MHz bandwidth of frequencies from 2250 MHz to
2600 MHz. One of the measurement environments is illus-
trated in Fig. 4. Note that although the wave absorbers were
used, a few reflection paths were observed (by performing
the inverse Fourier Transform on S21 result).

The simulation model used in this study is ideal since there
is no unwanted reflection path. It consists of only the
LCX and concrete in the with-concrete case, while there
is only LCX cable in the without-concrete case. The LCX
is modeled regarding the specification of RADIAFLEX®
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Figure 3. The measurement model of with-concrete sce-
nario

Figure 4. The measurement conducted in the anechoic
chamber

RLKU78–50JFLA cable [6]. The radiation characteristics
were verified by the theory described in Section 2 and [4].
This LCX model yields ϕ−1 = 27.3◦ at 2400 MHz. The
exact material constant of the experiment concrete is un-
known. Therefore, the parameter set (εr = 20 and loss
tangent = 0.956549) which gives the closest result to the
measurement is used. Only one frequency tone, which is
2400 MHz, is transmitted. A half-wave dipole antenna was
placed at the same point described in the measurement part
to capture the power radiated by the LCX cable.

3.2 Investigation of significant parameters

As for the second purpose, the simulation of various com-
bination of p and q parameters were conducted. Note that
the p′ and q′ variables illustrated in Fig. 1 are the p and
q normalized by the outer radius r of the LCX cable, re-
spectively. The slot pattern of RLKU78–50JFLA cable [6]
was used for the LCX cable model, the periodic range P
shown in Fig. 2 was re-optimized using the approach de-
scribed in [4] to get ϕ−1 = 0◦ at 2400 MHz. This helps
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Figure 5. Comparison of the channel gain between with-
concrete and without-concrete scenarios in the measure-
ment and simulation. The material parameters of a con-
struction concrete are εr = 20 and loss tangent = 0.95654.

to completely observe the radiation pattern of the LCX ca-
ble on the yx plane. The concrete model followed the one
described in the previous simulation.

4 Investigation Results

As for the first purpose investigation, the channel gain result
obtained from the measurement is the summation of S21 of
each frequency tone divided by the number of tones. This
average aims to remove the reflection effect as pointed out
in the previous section. In the simulation, the channel gain
is the received power normalized by the transmitted power.
The measurement results for the two cases are plotted along
with the reference simulation results as shown in Fig. 5.

The results in both measurement and simulation give a sim-
ilar trend and insight. As pointed out previously, the current
setting approach in CBTC would make beam alignment be-
tween LCX cable and the received antenna at θ = 90◦. In
such a case, if the same setting is used, the beam mismatch
loss will be approximately 5 dB based on both the mea-
surement and simulation results. In a high interference en-
vironment such as CBTC using 2400 MHz band, this mis-
match level may degrade the considerable signal-to-noise
ratio (SNR), then causes the higher bit-error-rate (BER).

As for the second purpose investigation, The maximum
gain angle (MaxAng) and the haft-beam width (HBW) of
the LCX radiation pattern for each combination of p and q
parameters were collected. In this work, these two terms
(MaxAng and HBW) are assumed to represent the beam di-
rection and the beam width, respectively. The results are
plotted in terms of p′ and q′ which are the normalized ver-
sion of p and q, respectively. Such plots are shown in
Figs. 6 and 7. The effect of p′ and q′ parameters on the
beam direction and beam width can be summarized as fol-
lows.
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Figure 6. The maximum gain angle (MaxAng) of the LCX
radiation pattern for each combination of p′ and q′
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Figure 7. The haft-beam width (HBW) of the LCX radia-
tion pattern for each combination of p′ and q′

• When q′ >= 8, i.e. the LCX cable is at the front edge
area of the concrete (refer Fig. 1). In the case of a small
p′ (close to the concrete surface), both the beam direc-
tion and beam width are close to the ideal beam pat-
tern (without-concrete case; MaxAng = 90◦ and HBW
= 116◦). However, when p′ goes larger (far from the
concrete surface), the beam direction moves in the up-
per direction (MaxAng < 90◦, refer Fig. 1).

• When q′ < 8, i.e. the LCX cable is moved from the
front edge of the concrete backward (refer Fig. 1). In
the case of a large p′, the beam direction gradually
moves far away from the ideal beam direction in the
lower direction (MaxAng > 90◦, refer Fig. 1) and con-
verge to a certain direction at the back edge of the con-
crete. The beam width also gradually narrower and
converge to a certain degree.

When considering both the measurement results in
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Figure 8. The maximum gain angle (MaxAng) and the
haft-beam width (HBW) of the LCX radiation pattern for
each p′ when q′ = 0

Figs. 5, 6, and 7, there are other two important findings as
follows.

• From the measurement result of the with-concrete
case, it is obvious that a narrow beam pattern can be
obtained by using the concrete reflector.

• The possible way to obtain the desired beam width in
the desired direction is to first select the appropriate q
for the desired beam width, then adjust p for the de-
sired direction. The adjustment can be explained by
the result in Fig. 8. At the certain q (q = 0 in this
case), the change of beam width is small for each p,
while the obvious trend of beam direction occurs over
the p parameter.

5 Conclusion

This work aims to understand the beam mismatch effect in
the practical setting of LCX cable with the concrete wall
which acts as the plate reflector in CBTC. This work also
wants to find out the parameters which significantly influ-
ence the change of LCX beam due to the concrete reflector
to provide useful insight for dealing with the beam align-
ment problem in CBTC. The studies were conducted using
both measurement and simulation approaches.

The measurement results showed that considerable beam
mismatch loss could occur using the traditional LCX beam
alignment approach. However, it suggested that a narrow
beam pattern cloud be obtained by using the concrete re-
flector. The simulation results suggested a way of adjusting
the relative position parameters between LCX cable and
concrete reflector to obtain the desired beam width in the
desired direction. The results presented in this paper pro-
vide useful insight to exploit the concrete reflector to obtain
higher communication gain in CBTC.
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