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Abstract—A planar monopole antenna is an aerial, which the

radiating element is perpendicular to the ground plane. It

has five equal curvy sides and works at Ultra High Frequency

(UHF) band of terrestrial broadcast 478–806 MHz. The curvy

sides are made of five equal trimmed ellipses and separated

72◦◦◦ each ellipse to another, form pentagonal shape. Optimiza-

tions are obviously necessary to gain the antenna performance

at the desired frequency range. The dimensions to optimize

this antenna performance are the length of the sides, the off-

set of curvature, the antenna height from the ground plane,

and the ground plane size. Optimization process is done by

simulating the proposed antenna with calculated designs us-

ing Computer Simulation Technology (CST) Studio Suite 2015

software. The optimized antenna design then fabricated with

a 75 ΩΩΩ coaxial line fed, measured, and results: Voltage Stand-

ing Wave Ratio (VSWR) range of 1.05–1.28, antenna gain at

600 MHz is 15.33 dBi, elliptical polarized, and omnidirec-

tional. With these features, this antenna should satisfy the

requirements of UHF television broadcasting.

Keywords—planar monopole antenna, television broadcasting,

UHF band.

1. Introduction

A planar monopole antenna is a kind of aerial, which has

planar element instead of wire. The planar element is lo-

cated at the distance h above the ground plane [1]. This re-

placement with various shapes of planar element, increases

the surface areas of the monopole and has direct impact on

bandwidth [2]. Planar monopole antenna has wide range

of frequency and yields various applications.

Terrestrial broadcast TV antenna operates in UHF at

478–806 MHz band. Today there are many Yagi-Uda and

wire antennas used in such applications.

Planar monopole antennas have several common shapes

such as circular, elliptical, square, rectangular, hexagonal,

pentagonal, and provide wide impedance bandwidth. The

circular monopole [1], [3] and the elliptical monopole [4]

were reported maximum bandwidth [3], [5]. Hammound

in [5] analyzed that square monopole provides smaller

bandwidth but the radiation pattern suffers less degrada-

tion within the impedance bandwidth.

Since planar monopole antenna has a wide range of fre-

quency and easy to manufacture by using aluminum as

construction the material, it is realizable to build one as

terrestrial television broadcast receiving antenna with bet-

ter shape and design (Fig. 1).
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Fig. 1. Parts of planar monopole antenna [1].

Some of the planar monopole features are:

• planar monopole antennas provide wide impedance

bandwidth,

• they have multiband operations capability and have

omnidirectional radiation pattern [6], [7],

• theirs electrical heights are less than λ /4 [7]–[10].

2. Antenna Design

The main idea of this antenna type is based on addi-

tional curvy edges added to a pentagonal shape. The di-

mensions of the shapes are adjusted to gain the per-

formance [11], [12]. As mentioned before, the shape of

rectangular in planar monopole provides less degradation

radiation pattern, while the elliptical shape provides the
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Fig. 2. Antenna design: (a) front view, (b) top view antenna

design. (See color pictures online at www.nit.eu/publications/

journal-jtit)
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maximum bandwidth [13], [14]. Figure 2 shows the basic

antenna geometry.

To maintain a standard shape of curvy sides, an ellipse is

used as the component of the curvature. The offset is set

by configure the ratio of ellipse (Fig. 3).

The side of pentagon is set by trim the ellipse in a distance

of y from its center with equation below where s is the

length of pentagon’s sides, a is the major radius and b is

the minor radius of ellipse, where a =
λ

n−1
, b is adjusted

by the ratio to maintain the desired offset and n is the

number of harmonic of lower operating channel frequency,

i.e. 478 MHz.
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Fig. 3. Trimming position to get the curve and pentagon’s side s.

Trimmed ellipse would be duplicated into five shapes and

arranged at the distance 72◦ after each shapes as shown

in Fig. 4.
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Fig. 4. Trimming position to get the curve and pentagon’s side s.

Table 1

Comparison of different variable weight codes properties

Parameter Description Value [mm]

t Base aluminum thickness 2

h
Radiating element distance

10
from ground plane

g Curve offset 0

Lg Ground plane length 700

Wg Ground plane width 700

s Pentagonal side length 628

Initial antenna dimensions’ before optimization are listed

in Table 1 and are base to approximations for the first s,

infinite for ground plane, and for h. After the initial di-

mensions are defined, then simulation is proceed with CST

software.

3. Simulation and Measurement

The simulation process helps to define the best dimensions

that yields the best performance antenna by the result of

optimizations based on parameters, i.e. VSWR based band-

width, radiation pattern, polarization, and gain.

Figure 5, shows the VSWR with the variation of s based

on Table 1. One can see that λ /5 antenna is the best in

387 MHz bandwidth.
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Fig. 5. VSWR vs. frequency on s dimension optimization.

Offset for the curvature from the pentagon’s side to the

edge of curvature optimizations result can be represent by

the Fig. 6. The best performance has antenna with 15 mm

offset.
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Fig. 6. VSWR vs. frequency on g dimension optimization.

The distance of the radiating element with ground plane

does have influence to the performance. The performance

slightly increasing when it reached 7 mm on antenna

h = 0.7 (Fig. 7). The best performance is achieved by

antenna h = 0.8 which has the lowest VSWR.

To maintain the best performance, the size of ground plane

is optimized by adjusting the Lg and Wg (Fig. 2b). The

change of ground plane does not influence VSWR perfor-
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Fig. 7. VSWR vs. frequency on h dimension optimization.

mance a lot, yet influence the gain of the antenna. The

optimized values are Wg = 8 cm and Lg = 26 cm, which

resulted bandwidth of 328 MHz and gain at its middle fre-

quency of 3.45 dBi.

The optimized for best performance dimensions are listed

in Table 2.

Table 2

Optimized antenna parameters

Parameter Description Value [mm]

t Base aluminum thickness 2

h
Radiating element distance

8
from ground plane

g Curve offset 15

Lg Ground plane length 80

Wg Ground plane width 260

s Pentagonal side length 125.6

3.1. Measurement Results

The designed antenna was then fabricated and measured in

antenna laboratory. The observed parameters were VSWR,

radiation pattern, gain, and polarization.

Figure 8 shows the VSWR performance of the antenna. It

can work in the entire band and the best performance is

1.02 at the 700 and 750 MHz.
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Fig. 8. VSWR within frequency band.

Polar diagram in Fig. 9 shows that the radiation pattern of

this antenna is omnidirectional with stronger area at both

front and back side.
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Fig. 9. Simulated (left) and measured (right) result of radiation

pattern: (a) sweep ϕ at θ =90
◦, (b) sweep θ at ϕ =0

◦, (c) sweep θ

at ϕ = 90
◦.

[dB]

Fig. 10. Polar diagram of the receive level sweep ϕ at θ = 0
◦.

The polar diagram of the receive level of the antenna sweep

ϕ at θ = 0
◦ shown in Fig. 10 that the polarization of the

antenna is ellipse. Because it receives the signal poorly

on 3–82◦ and receives better at 81–360◦.
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Gain measurement (Fig. 11) shows that the antenna has

gain average of 3.90 dBi and tend to increase along the

higher frequencies.
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Fig. 11. Gain vs. frequency.

The change of antenna components size influence the per-

formance:

• Wider curve offset g yields wider VSWR bandwidth

with optimum at 15 mm.

• Shorter distance yields better VSWR bandwidth with

optimum at 8 mm.

• Tighter length of sides s yields wider bandwidth and

shifting to the higher frequency with optimum at

125.6 mm.

• Tighter ground plane Lg yields higher gain with op-

timum at 80 mm.

• Narrow ground plane Wg yields higher (optimum at

260 mm).

4. Conclusion

The proposed antenna has omnidirectional radiation pat-

tern with almost equally stronger area at front and back,

elliptical polarized, VSWR bandwidth of 3:1 worked at

300–900 MHz with average gain of 3.90 dBi. The antenna

can be operated as TV broadcast receiver at UHF band

(478–806 MHz).
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