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Abstract—A small and compact printed monopole antenna
can be obtained by introducing double E-shaped meander line
patch backed by a partial ground plane. The double E-shaped
meander line patch reduces the antenna resonant frequency so
that the size of the antenna can be reduced for targeted
frequency of 400 MHz specific for Forward Scatter Radar (FSR)
Network. 77% size reduction of the antenna has been
successfully achieved where the overall size of the proposed
antenna is only 93.8 x 131 mm? (0.125%0 x 0.175A0) compared to
before it was reduced which is 190.7 x 276.3 mm? (0.25ko X
0.368%0). The size reduction is obtained without significant
effects on other antenna performances. The proposed antenna
produces high measured efficiency of 85.5% and measured gain
of 0.3 dBi with an omnidirectional radiation pattern. A
comprehensive parametric study is accomplished to obtain the
best performances of the antenna. For a better understanding
on the design characteristics, an equivalent circuit model is
derived carefully.

Index Terms—Double E-shaped Patch; Equivalent Circuit
Model; FSR; Meander Line; Printed Monopole Antenna.

I. INTRODUCTION

Forward Scatter Radar (FSR) is a type of bistatic radar that
applied for target detection and classification that
corresponds to the case when the bistatic angle nearly 180°
[1]. FSR utilizes an effect of electromagnetic wave
shadowing a target instead of scattering from the target [2].
Currently, FSR network functions in the Very High
Frequency (VHF) and Ultra High Frequency (UHF) channels.
The VHF channel is used for target detection and parameter
estimation, whereas the UHF channel is used for automatic
target recognition.

FSR network consists of several sensor nodes with each
sensor has a number of omnidirectional antennas. The sensors
are freely dropped from unmanned aerial vehicle to the
ground surface [3]. Each sensor consists of omnidirectional
antennas in a separate transmitter and receiver [4]. Small
antenna size is required to make the sensors smaller, so that
the sensors are less complex and cheaper. The power
consumption would be lower and the automatic target
recognition channel become less power hungry [5].

Antenna miniaturization techniques become antenna
designer’s interest since a decade ago. Techniques such as
metamaterial, slot loaded, inductive and dielectric loading,
and fractal technology have been proposed to miniaturized
the size of the antenna [6]-[10]. U-shaped and inverted U-
shaped metamaterial is loaded in the antenna design to

miniaturized the size of the dual-band planar antenna [6]. The
proposed method produces reduction in antenna size of 77%.

Das et al proposed a slotted microstrip antenna with
modified ground plane. The size of the antenna was reduced
up to 67% by applying the proposed method. Kramer et al
reported an ultra-wideband (UWB) spiral antenna. The size
of the spiral antenna was reduced approximately by 50%
using dielectric and inductive loading.

Multiple band-notched characteristic of UWB printed
monopole antenna is proposed in [11] using four pairs of
meander lines. The meander lines placed along the edge of
the microstrip line and ground plane produce quadruple band-
notch characteristic without increasing the antenna size.

Small triple-band microstrip antenna for WLAN/WiMAX
applications was reported in [12]. The size of the reported
antenna is reduced to 19 x 25 mm? (0.152X0 X 0.2X0) using the
combination of slots and DGS.

In this study, a small printed monopole antenna for FSR
network is presented. The size of the proposed antenna is
miniaturized based on the slots and meander line technique
which produces a novel structure of double E-shaped
meander line patch. The excellent performances of the
proposed antenna was obtained from the comprehensive
parametric analysis. From the novel structure topology, an
equivalent circuit model has been derived. The idea of
modelling the equivalent circuit is taken from several
literatures such as in [13]-[19].

Il. METHODOLOGY

The printed monopole antenna basically consists of a
square radiating patch of width Ws and length Ls printed on a
substrate of dielectric constant &, and thickness h. The antenna
has a partial ground plane of length Lg on the other side.
Figure 1 shows the typical printed monopole antenna which
referred to as reference antenna which was designed on the
FR-4 substrate with & = 4.3, and thickness h = 1.6 mm. The
antenna is constructed based on the ordinary design
procedure to define the width (Wp) and length (Lp) of the
radiating patch for covering 400 MHz operating frequency. It
is fed by 50 Q transmission line of width Wf and length Lf. In
this study, all antennas were designed, simulated and
optimized using Computer Simulation Technology (CST)
software.
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Figure 1: Reference antenna geometry (a) front view (b) back view

Figure 2 shows the development of the antennas from the
reference antenna to the double E-shaped meander line
monopole antenna. Figure 2 (a) shows the configuration of
the reference antenna. Modification was made onto the
radiating patch by introducing slots as illustrated in Figure 2
(b) to reduce the antenna resonant frequency. The slots were
inserted on the patch where the strongest current path is
concentrated in order to increase the effective current
distribution. By increasing the current distribution on the
radiator, the effective capacitance and inductance will be
increased as well, which then decrease the resonant frequency
of the antenna. More slots were introduced on the radiator
which resulting in double E-shaped patch structure as shown
in Figure 2 (c). After that, the thin line on the middle of the
patch was replaced by the meander line to further increase the
effective inductance and capacitance as demonstrated in
Figure 2 (d). All antenna structures in Figure 2 have the same
dimensions except for the slots and meander line.

(©) (d)

Figure 2: Development of the antenna design

The patch area of the double E-shaped meander line
monopole antenna is enlarged for visibility as demonstrated

in Figure 3. All the parameters of the antennas are listed in
Table 1 with the values are organized in millimeter (mm).

Table 1
Parameters of Double E-shaped Meander Line Antenna
Parameters Value (mm) Parameters Value (mm)

Ws 190.7 a 90
Ls 276.3 I 35.17
Wp 181.1 la 14.17
Lp 181.1 wa 19.20
Wi 31 wb 41.50

Lf 90.4 wc 1.0
Wy 190.7 Wi 35.17
Lg 80.2 Wa 26.0
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Figure 3: Double e-shaped meander line monopole antenna with meander
line area is enlarged for visibility.

I1l. PARAMETRIC STUDY

The parametric study is performed to provide the best
antenna performances using optimization. The performance
of the antenna is mostly affected by electrical antenna
parameters including the dimensions of the ground plane,
slots and meander line. Figure 4 displays the effects of
various length of the ground plane, Lg on the simulated
reflection coefficient. It is found that the length of the ground
plane is optimum at Lg = 90 mm.
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Figure 4: Simulated reflection coefficients for various Lg
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Figure 5 presents the simulated reflection coefficients for
various a. It is clearly seen in the graph that the resonant
frequency decreased as the width/length of the slot increased.
The optimum width/length of the slot is at a = 90 mm where
the antenna resonates at 231 MHz.
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Figure 5: Simulated reflection coefficients for various a

The width of the added slot w; is varied to observe its
effects on the simulated reflection coefficient as illustrated in
Figure 6. From the graph, the resonant frequency is at the
lowest band when w; = 35.17 mm. Figure 7 portrays the
simulated reflection coefficients for various ;. It is found that
the length of the slot is optimum at l; = 35.17 mm.
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Figure 6: Simulated reflection coefficients for various w;
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Figure 7: Simulated reflection coefficients for various I,

The dimensional parameter of the meander line on the
double E-shaped meander line monopole antenna is varied to
observe its effects on the antenna performances as depicts in
Figure 8. From the graph, the resonant frequency is decreased
to 186 MHz as the w, increased to 19.2 mm.
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Figure 8: Simulated reflection coefficients for various w,
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Figure 9: Simulated reflection coefficients for various antenna designs

The performances of the antennas evolution (in Figure 2)
are demonstrated clearly in Figure 9. It is observed that, every
antenna resonates with different center frequency. The
reference antenna possesses broad band characteristics
covering 357 MHz to 646 MHz. The resonant frequency is
reduced as the slots were introduced on the antenna. I-shaped
antenna resonates at 231 MHz with a narrow bandwidth due
to the modification on the patch area. The resonant frequency
is further reduced as more slots were added onto the patch.
The added slots produce the double E-shaped patch structure
which resonates at 217 MHz. When meander line was
proposed to the design, the antenna resonant frequency
shifted to 186 MHz. It is noticed that the modification on the
radiator causes reduction in antenna resonant frequency and
impedance bandwidth. The narrow band characteristics of the
antenna do not affect the target application of Forward Scatter
Radar (FSR) Network does not require wide band antenna.
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IVV. RESULT AND DISCUSSION

As explained earlier, the resonant frequency of the antenna
is shifted to the lower band when the proposed method is
applied. The next step is to reduce the antenna size so that the
antenna will resonate with targeted frequency of 400 MHz.
The overall size of the double E-shaped meander line
monopole antenna was reduced by 77% to achieve 400 MHz
center frequency. The miniaturized antenna is referred as
proposed antenna with its dimensional parameters are listed
in Table 2. The area of the proposed antenna is only 93.8 x
131 mm?. The proposed antenna has been fabricated on the
FR-4 substrate using LPKF milling machine. Figure 10
displays the photograph of the fabricated proposed antenna.
The experimental works have been carried out in Anechoic
Chamber using Vector Network Analyzer (VNA) to validate
and verify the antenna performances.

@ (b)

Figure 10: Photograph of the fabricated antenna (a) front view (b) back
view
Table 2

Parameters of Miniaturized Double E-shaped Meander Line Antenna

Parameters Value (mm) Parameters Value (mm)
Ws 93.8 a 41.6
Ls 131.0 Iy 11.7
Wp 84.2 la 6.1
Lp 84.2 wa 10.6
WF 3.6 wb 20.2
Lf 42.0 wc 1.0
Wg 93.8 Wy 11.7
Lg 41.8 W, 12.6

The simulated and measured reflection coefficients of the
proposed antenna are demonstrated in Figure 11. Both results
are agreeing well with each other with their performance are
organized in Table 3. Figure 12 shows the simulated and
measured 2D radiation pattern of the proposed antenna. From
the plot, the proposed antenna produces omnidirectional
radiation pattern.

The performances comparison between the simulated and
measured proposed antenna is organized in Table 3. The
proposed antenna produces acceptable simulated and
measured antenna gain of 1.5 dBi and 0.3 dBi, respectively.
The discrepancies between the antenna gain might be due to
the electrically small antenna size and ground plane. The
proposed antenna possesses a very high antenna efficiency of
85.5 %.
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Figure 11: Simulated and measured reflection coefficient of the proposed
antenna
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Figure 12 Simulated and measured radiation pattern of the proposed
antenna

Table 3
Comparison of Simulated and Measured Performances of Miniaturized
Proposed Antenna

Parameters Simulation Measured
Reflection coefficient, S;; (dB) -25.80 -20.70
Resonant Frequency (MHz) 400 398.7
Directivity (dB) 1.97 0.58
Gain (dBi) 15 0.3
VSWR 1.1 1.2
Bandwidth (MHz) 15.2 9.2
Efficiency (%) 90.0 85.5

In this study, the antenna circuit model was developed to
provide better understanding of the antenna characteristics
and expose the physics behind the structure. The equivalent
lumped element circuit is generated based on the antenna
input impedance as in Figure 13 where the input impedance
of the antenna is considered as a two terminal device
comprising an arbitrary set of lumped resistors R, capacitors
C and inductors L connected either in series or parallel. The
equivalent circuit model displayed in Figure 14 represents the
proposed antenna which was designed using Advance Design
System (ADS) software. The capacitance C and inductance L
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in the circuit is calculated using equations 1 and 2 [20].

_ ALG)CZI
c= oo (1)
AywL
L= 2nz, &)

where Icand I are the length of the transmission line. While
Z; and Zn are the lowest and highest realizable characteristics
impedances in the medium, respectively. A and An are the
corresponding wavelength related to the free space
wavelength Ao.

Ao

Ay = ——
VEerf
Comparison between the simulated result and the circuit

model is obtained in Figure 15. It is clearly seen that the
performances of the proposed antenna both in EM simulation

3)

and circuit simulation agree well with each other.
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Figure 13: Simulated input impedance of the proposed antenna.
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Figure 14: Equivalent circuit model of the propo8ed antenna
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Figure 15: Reflection coefficient of the proposed antenna in EM simulation
and circuit simulation

V. CONCLUSION

A small and compact double E-shaped meander line printed
monopole antenna was designed, optimized, fabricated and
tested for FSR applications. The proposed antenna achieves
77% size reduction with a little trade off of other antenna
performances. As a matter of fact, the size of the antenna can
be decreased more by increasing the dimension of the slots
and meander line. However, it would affect the antenna gain
and efficiency as well. The antenna gain would be too low if
the size of the proposed antenna is decreased more than 77%.
The proposed antenna produces omnidirectional radiation
pattern of acceptable antenna gain. Parametric studies were
carried out to offer good antenna performances while the

e-ISSN: 2289-8131 Vol. 10 No. 1-6

equivalent circuit model was derived to provide better
understanding on the physics behind the antenna structures.
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