
Measurements of Elements of

an LMR Multiband Antenna System Design

Steve Ellingson∗

June 30, 2010

Contents

1 Introduction 2

2 Antenna Self-Impedance 2

3 Revised Performance Estimates Using Measured ZA Data 2

4 453 MHz Stub 7

A Smith Charts 11

∗Bradley Dept. of Electrical & Computer Engineering, 302 Whittemore Hall, Virginia Polytechnic Institute &

State University, Blacksburg VA 24061 USA. E-mail: ellingson@vt.edu

1



1 Introduction

This report documents some initial measurements of the multiband antenna system design described
in our previous project report [1]. This antenna system is being developed as part of our project
“Antenna Systems for Multiband Mobile & Portable Radio” [2]. Section 2 describes the construction
of a mock-up of the monopole antenna and associated ground plane, and shows measurements of
the antenna self-impedance ZA. Section 3 uses these measurements to update system performance
estimates originally reported in [1]. Section 4 describes a mock-up of the 453 MHz stub tuner
described in [1], and measurements of the antenna system when this stub is employed.

2 Antenna Self-Impedance

Figure 1 shows the monopole antenna that was constructed for the measurements. As proposed in
[1], it is 23.5 cm in height. The upper 23.1 cm is hollow brass rod 13/32-in. (very nearly 10 mm)
in diameter. The lower 0.4 cm is the center conductor of an SMA-type panel connector, which
is mounted upside down so that the jack exits underneath the ground plane. This is obviously
not the proposed mechanical design, but served to expedite the measurements. The short wooden
dowel seen to the left of the monopole is a support used to reduce the chance of damage during the
measurements. Subsequent experiments indicate this support does not have a significant effect on
the antenna’s behavior.

Figure 2 shows the entire structure used in the measurements. The ground plane is 1.79 m ×

1.19 m, constructed from 3 aluminum panels which are bolted together. The ground plane was
located approximately 1 m above an asphalt surface. For the purposes of this study, this should be
a reasonable surrogate for a vehicular trunk-mounted installation.

All measurements were made using a Rhode & Schwartz FSH6 spectrum analyzer with tracking
generator option, fitted with an FSH-Z2 VSWR bridge. The test setup was calibrated the end of
coaxial cable with SMA male connector; thus the measurements account for the monopole as well
as the ground plane-mounted SMA jack. Smith charts obtained directly from the instrument are
included as Appendix A of this report.

Summary results for antenna self-impedance are shown in Figure 3. Shown in the same figure
is a result obtained using the simple theoretical model described in [3] and used as a design tool in
[1]. Note that the theoretical model does not yield reasonable results in the range 550–750 MHz;
this corresponds to the half-wave resonance of the model, over which the impedance is sensitive to
the details of the feed region. Also shown is a result obtained using a simple NEC-based method
of moments computer simulation, in which the monopole is divided into 13 segments. Both the
theoretical and NEC results assume an infinite ground plane. It is interesting to note that the
measurements show reasonable agreement with theory for UHF and lower-frequency bands, and
also in the 764–862 MHz band. Ironically, the NEC prediction is significantly different from both
measurement and theory, even where where measurement and theory are in agreement. We conclude
that the theoretical model, despite the infinite ground plane assumption, is reasonable to use in this
application; whereas the NEC model needs some work before it can be used.

Figure 4 shows the antenna voltage reflection coefficient (ΓA in [3]).

3 Revised Performance Estimates Using Measured ZA Data

The measured ZA data were used to update the performance estimates for the candidate antenna
system design originally presented in [1]. Figure 5 shows the S/N delivered to the receiver with
no stubs set. As might be anticipated from the results of the previous section, the measured and
theoretical results show good agreement below 300 MHz, and significant discrepancies at higher
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Figure 1: Constructed monopole antenna.

3



Figure 2: Test fixture including antenna and ground plane.
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Figure 3: Antenna self-impedance by measurement, NEC, and theory. Note that the “NEC” and
“theory” results assume a perfect infinite ground plane.
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Figure 4: Reflection at the antenna terminals with respect to a Z0 = 50 Ω source. Note that the
“NEC” and “theory” results assume a perfect infinite ground plane.
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Figure 5: Monopole with no stubs set: Predicted S/N delivered to the transceiver. Note that the
“NEC” and “theory” results assume a perfect infinite ground plane.

frequencies. We see no immediate cause for concern in the viability of the candidate design from
these results, especially since the measurements suggest receive S/N will be generally higher than
predicted.

The updated transmit VSWR prediction was similar updated, and is shown in Figure 8. It is
encouraging to see that the agreement between theoretical and measured results is reasonably good
over the entire 764–862 MHz band, where the use of stub tuning might be considered optional.

4 453 MHz Stub

The candidate design described in [1] requires switched shunt reactances, with open-circuited stubs
as one possible implementation. To test the efficacy of this approach in non-ideal field conditions
including uncertainty in the actual value of ZA, we implemented the 453 MHz stub from [1] using
RG-58 coaxial cable. The constructed stub is shown in Figure 7. This is obviously not the proposed
mechanical design, but served to expedite the measurements.

A small amount of trimming was required due to construction constraints; however the completed
device is estimated to be within a few millimeters of the lengths specified in [1]. The results are
shown in terms of VSWR at the output in Figure 8. Note that the agreement with theory is excellent
in the region of the nominal frequency (453 MHz), giving confidence that this approach to tuning
can be viable in field conditions.
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Figure 6: Monopole with no stubs set: Predicted transmit VSWR. Note that the “NEC” and
“theory” results assume a perfect infinite ground plane.
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Figure 7: 453 MHz tuning stub. The long black cable connects to the antenna, the short black cable
is the stub, and measurement is calibrated to the output port of the “tee” connector fabricated from
three SMA panel jacks.
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Figure 8: Monopole with 453 MHz stub set: Transmit VSWR. Note that the “theory” result assumes
a perfect infinite ground plane.
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A Smith Charts

This appendix contains the Smith charts acquired in the process of making the measurements de-
scribed in this report. Figures 9–11 pertain to the antenna self-impedance measurements. Fig-
ures 12–14 pertain to the 453 MHz stub system measurements.
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Figure 9: ZA, 0–300 MHz.
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Figure 10: ZA, 300–600 MHz.
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Figure 11: ZA, 600–900 MHz.
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Figure 12: System with 453 MHz stub, 0–300 MHz.
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Figure 13: System with 453 MHz stub, 300–600 MHz.
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Figure 14: System with 453 MHz stub, 600–900 MHz.
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