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Abstract

A time-domain technique for the measurement of return loss, attenuation and coupling loss of leaky coaxial ca-
bles is described. The technique is based on a simple signal flow graph procedure where the leaky cable is re-
presented by a three-port network, with the third port being introduced to represent the leakage from the cable.
The measurement procedure is described, while experimental results for three different leaky coaxial cables are

presented and compared with frequency-domain data.
Introduction

Because of the inability of free radio propagation
to provide radio coverage for underground and certain
above ground mobile communications, the leaky feeder
technique has been of growing interest. For a success-
ful underground communication the leaky feeders provide
guided and also leaky electromagnetic waves so that the
field can be picked up by mobile receivers at distances
away from and along the leaky linel. The performance
of such radiating cables is basically determined by
measuring the coupling loss between the cable and an
antenna, attenuation per unit length and the optimum
operating frequency. In addition, the sensitivity of
the performance of the cable to mounting position is
also of practical importance. It is, therefore, the
objective of this paper to present a time-domain tech-
nique suitable for describing the performance of leaky
feeders. The reason for employing a time-domain method
rather than routine frequency-domain measurements is
the desire for describing the cable performance over a
wide frequency band using a single measurement for each
quantity of interest. Hence the behaviour of the line
beyond its operating band, and in particular below its
emperical optimum frequency, can be studied2. Also the
advantages of time-domain techniques in reducing errors
due to mismatch of the measurement system components
and in separating (in time) the so called "end effects"
from the overall characteristics of the line are of
particular importance. The separation of the "end ef-
fects" can also facilitate an isolated study of the
periodic effects due to mode convergence at the beginn-
ing and end of the line.

The proposed technique employs the equations derived
from a signal flow graph procedure where the leaky ca-
ble is represented as three-port network with the third
port being introduced to represent the leakage. The
availability of such a third port in the analysis has
also the advantage of describing the cable sensitivity
to mounting position, e.g. reflections from the sur-
roundings. It is shown that by sampling only segments
of the transient response of the cable to an impulse
waveform, the scattering parameters describing the
performance of the cable can be obtained. The measure-
ment procedure is described while experimental results
for three different leaky coaxial cables are presented
and compared with spot check frequency domain measure-
ments.

The Scattering Parameters Measurement In
Freguency and Time Domains

A typical measurement system is shown in Fig. 1(a).
The leaky cable, which is represented by the network L,
is connected to a voltage source and a load by lengths
of lossless delay lines Kl and £2’ respectively. In

a practical measurement of the reflection coefficient

Sll' the transmission coefficient 521 and the coupling

coefficient 831, it is necessary to measure the volt-
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1° Following the system signal flow
graph in Fig. 1(b) it is easy to show that
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and the scattering coefficients are normalized with re-
spect to the characteristic impedance of the delay
transmission lines.

To simplify the analysis, the third port will be as-
sumed matched and hence no reflections are received
from this port (i.e. I' = 0). This condition, however,
is only valid if the S cable is appropriately mounted
away from any interfering objects. By employing the
above condition and expanding 1/A it is easy to show
that

E; = V(w) Fé yi S+ £ (v 0Y,)] (6)
EZ = V@) TLvpv, Sy 01+ £, 7)) N
E] = V(W) Tio¥y Syl + 50y (8)
EI = V(w) Fé 1+ f4(yl,y2)] (9)
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where f are functions containing at least Y-
5 1,2,3,4
Y, or Ylyz' V(w) is the Fourier transform of V(t)

which is the impulse type waveform of E and
Fé = (1 - Fg)/z. Taking the inverse Fourier transform

and neglecting fl, f2, f3 and f4 since they will trans-
form with a time delay of at least 2Tl, 2T2 or Tl

v(t)*Fé(t)*sll(t - 2Tl),

]
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Tg,t)*s3l(t Tl) and gl(k) v(t)*Tg(k) where s(t) is

the Fourier transform of any scattering coefficient
S(w) and * denotes a convolution3. Hence if the delays
(Tl and T2) introduced by the delay transmission lines

are made to be longer than the period of time required
for the transient responses of Sll' S21 and 831 to the

incident waveform, then by performing a Fourier trans-
form on these waveform segments, the scattering para-
meters Sll(w), SZl(w) and S3l(w) can be obtained by

combining (6) to (9). It should be noted that, by ne-
glecting f3 in {8) the main coupling path E to Sp

which involves the coupling coefficient 831
considered.

is only

Measurement System

A measurement system for both the transmission 321

coefficients is straightforward as

has been reported before3’4. The system simply con-

sists of a pulse generator, delay lines and sampling
oscilloscope. The network L is placed either after

the pulse generator or the sampling head depending on
whether the transmission or the reflection coefficients
are being measured, respectively3. It should be noted
that Zl and 22 are required to produce a delay longer

and reflection S

that the transient response being measured so as to
eliminate any overlap from multiple reflections.

The coupling coefficient S3l' on the other hand, is

calculated from the Fourier transform of the signal re-
ceived by a standard dipole antenna at a distance which
is sufficient to ensure far field calculations>. Such
measurements, although neglect the unavoidable ef-

fect of the environmeﬁtG, give results which are
characteristic of a typical line?. The effect of a
practical environment (i.e. metallic obstacles, tun-
nels or uneven ground), however, can be taken into
account by evaluating Fs (see Fig. 1(b)) in a typical

situation by sampling a larger transient segment which
includes the effect of Ts. Also, since the measure-

ment of the received signal will depend on the charac-
teristics of the receiving dipole, a calibration pro-
cedure similar to that reported by Bates et al. is re-
quired~.

Such procedure basically involves the calculation
of the transmit Ts(f) and receive Rs(f) transfer func-

tions of the standard dipole in terms of its input im-
pedance Z(f) and effective height he(f) using simple

transmission and reception equivalent circuitss. It
should be noted that Z(f) and he(f) are known rigor-

ously for a standard dipole antenna and can also be

spot checked using standard frequency-domain methods.
The transmit transfer function T(f) of the test leaky
coaxial cable can then be determined in terms of Ts(f)

and Rs(f) leading to the field intensity at a distance

from the cables. It should also be noted that the

coupling loss can simply be calculated by multiplying
the field intensity incident upon a receiving antenna
by the receive transfer function R(f).

Experimental Measurements and Resultsg

To test the feasibility of the method, comparative
measurements are made on three leaky coaxial cables
(set of three Radiax cables RX 4-1, RX 4-3A and RX 5-1)
in both time and fregquency domains. For time-domain
measurements, the transmitted pulse was generated from
150 ps step of an HP-1415A TDR system by using a 258
short circuited stub as a pulse forming network®. The
appropriate segments from the analog signals are sam-
pled and stored in a buffer of a PDP -11/40 computer
system, while their Fourier transforms are calculated
using FFT - subroutine in the same computer9. Although
discrete frequency values will be only available from
the FFT, intermediate values could also be obtained
from interpolation formulae3. It should also be noted
that for the coupling loss measurement, the cable is
mounted in an anechoic chamber to eliminate any inter-
ference from the surroundings.

Experimental results for the return, insertion and
coupling losses are presented graphically as a function
of frequency and compared with spot check frequency
domain measurements using a network analyzer. The uncer-
tainty of the time-domain results, based on the combined
effect of possible errors, is also estimated +10_ The
advantages and disadvantages of using the time-domain
technique as well as the limitation on the length of
the leaky cable are discussed.
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(a) Schematic diagram of the three-port leaky cable network
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(b) Signal flow graph for the leakv cable svstem

Fig. 1 Schematic Diagram of a Typical System Characterization
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