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Abstract— A trend of portable device integration has arisen in last decade, due to the massive
growth of wireless communications, and products are expected to have multiple wireless services
with increased gain. As a result, a single, small antenna with the ability to operate effectively over
broadband with near optimum gain is desired. Antenna is always designed upon the experience of the
designer, which is an onerous and time-consuming work. Some parameters of the antenna, such as
gain and S-parameter of monopole antenna, are not simple to control, which leads great difficulty for
the designer to modify the structure for proper working conditions. A method is presented which is
aimed at increasing the gain of ultra-wide band (UWB) antenna using the Grid Search Algorithm
(GSA) without the need to increase its size. The antenna is analyzed by using the Method of moment
(MoM) to achieve an ultra-wide bandwidth characteristic and a maximum possible gain. The antenna
has compact physical structure (30 mm × 33 mm.) and is designed on standard FR4 substrate of
1.6mm with an operating frequency of 6.85 GHz. The simulated frequency response shows an
excellent impedance bandwidth of 7.9 GHz or 115.3% over 3.1 to 11GHz for VSWR less than 2. The
radiation patterns, peak gain, return loss & VSWR are presented and compared.
Keywords- Grid Search Algorithm (GSA), Monopole antenna, Method of Moment (MOM), Ultra
Wide-Band (UWB), partial ground.
I. INTRODUCTION
An ultra wide-band (UWB) system uses a low-power spectral density and a short pulse radio signal
to send high data-rate information. According to the Federal Communications Commission (FCC),
UWB is defined as any signal that occupies a bandwidth at least 500 MHz in the 7.5-GHz range of
spectrum between 3.1 GHz and 10.6 GHz [1] One of key issues in the UWB system is to design a
compact and very wide-band antenna. A monopole antenna has been widely used in the mobile
communication system because of its simple structure and omni-directional radiation characteristic.
However, it is not easy to be integrated into the handset or mobile terminal and additionally has
relatively narrow bandwidth. A classical printed monopole antenna usually has height of 0.25λο and
10–15% bandwidth. Size of the antenna can be reduced through different geometries of printed
monopole element [2]. Size reduction and wide-band characteristic of an antenna can be
simultaneously achieved by using the similar method [4].
Recently, a method of moment (MoM) and Genetic algorithm(GA) optimization method is usually
used to design a multiband or wide-band characteristic antenna since the attractiveness of the GA
over the aforementioned methods is its ability to achieve the desired performance by using single,
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unique patch shape[6]. However, Grid Search Algorithm (GSA) requires smaller number of
evaluations as compared to genetic algorithm (GA) techniques. Being a local optimizer, the
convergence of the GSA algorithm is much faster compared to the global optimizer GA. Most of the
current electromagnetic simulators also have some built-in optimization tools which can help antenna
designers be possible to optimize their antennas with desirable characteristics [9].
Recently, as the huge advancement of computer speed, some kinds of antenna optimization methods
have been presented. But the optimized structure is often discontinuous. The electric characteristic of
two diagonal-connected blocks is unknown and also leads to great difficulty in fabricating Therefore,
a novel way is proposed in this paper to implement computer-aided antenna design with continued
border [10].
In this paper, an UWB antenna is analyzed by using Method of moment (MoM) and the maximum
gain of the antenna are determined by utilizing the Grid Search Algorithm (GSA). A proposed
antenna is fed by a offset 50-microstrip line and FR4 lossy epoxy substrate with dielectric relative
permittivity of 4.4 with thickness of 1.6 mm.
II. ANTENNA ANALYSIS
Fig. 4 shows the proposed geometry of an ultra-wideband printed monopole antenna with a offsetfed line. In addition, GSA algorithm is implemented to optimize the ground length of printed
monopole antenna to obtain the ultra wide-band characteristic. This UWB antenna is modeled in
CAD-FEKO and a grid search algorithm in OPTFEKO is used to determine and obtain maximum
value of directivity. Fig. 1 shows a flow chart of GSA used in this paper. Most of steps are
commonly used in GSA regardless of problems being solved. Each individual is analyzed by using
the MOM solver.

Figure 1. Flow chart of the GSA
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III.

PARAMETRIC STUDY OF MSA

The high gain compact UWB antenna has been shown in Fig.2 with optimized dimension. It has been
observed during simulation that the UWB characteristic of the proposed antenna is heavily
dependent on the ground, gap between patch and ground. And feed position so these parameters of
antennas should be optimized for maximum bandwidth.

Figure 2. Proposed compact UWB antenna

3.1 Effect of gap between patch and ground
The gap between the patch and ground is also important for proper impedance matching. Because
variation of gap affects the bandwidth of antenna. The proposed antenna has been simulated for
various value of the gap between patch and ground plane (g). The simulated results are shown in
fig.5. The effect of the gap is clearly visible in the simulated results. The proper matching
throughout the band is achieved by optimizing the gap from 0.0 mm to 1.5 mm with the step of
0.5 mm. The optimum value of gap has been achieved 0.5 mm.

Figure 3. Simulated results of gap between patch and ground
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3.2. Effect of feed-point location
The input impedance of the MSA varies from zero value at its center to the maximum value (200-Ω)
at its radiating edges. The feed -point should be located on the patch at a point where input
impedance is 50-Ω at resonance frequency. The center of the feed line is taken at origin and feedpoint location is given by coordinates (Xf, Yf) with respect to origin. There exists a point along the
length of the feed line, where RL is minimum. So feed position parameters of antennas has been
optimized for maximum bandwidth. Therefore, this is considered as optimum feed point location.
Thus it is clear that feed location (2, 0) is the optimum feed location for this RMSA.

Figure 4. Simulated results of feed position

In fig.7, fig.8 and fig.9 show the curves obtained for return loss and VSWR and radiation pattern of
UWB antenna. It is seen that the minimum value of RL, -10.0 dB, occurs at feed location (2,0)
throughout entire band(3.18Ghz-11.0GHz).

Figure 5. Return Loss versus Frequency
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Figure 6. VSWR versus Frequency

Simulated results of proposed MSA exhibits the excellent ultra wide impedance bandwidth of 7.8
GHz (from 3.18 GHz to 11 GHz) corresponds to 115.3% impedance bandwidth at VSWR 2. The
VSWR versus frequency of this UWB antenna has been shown in fig.8. This antenna satisfies the
bandwidth requirement of Ultra wide band communication system, i.e. from 3.1 to 10.6 GHz.
It can be seen that the radiation patterns of the proposed antenna are stable at the operating frequency
of 3.5dB gain.

Figure 7. Radiation pattern at 6.8GHz
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3.3. Effect of Ground stub
Other than this, we have also seen that the ground plane size especially the length and width of the
ground plane is also an important factor affecting the antenna impedance and gain. The effect of
ground stub has been simulated for various value of stub length (SL) and width (SW).Grid Search
Algorithm (GSA) in OPTFEKO is used to determine and obtain maximum value of directivity.
Table 1. Optimization Variables

Sr.No.

Name
Beginning value
1
SL
22.0
2
SW
5.0
Optimum found for these parameters:
SL = 24.0 mm
SW = 5.6 mm
Optimum Gain Value: 4.81 dB

Minimum
15.0
4.0

Maximum
25.0
6.0

It is observed we are getting maximum gain 4.8 dB without the need to increase its size.

Figure 8. Gain of UWB antenna with & without optimization

IV.

CONCLUSION

An Ultra wide-band antenna with a printed compact MSA structure was demonstrated. The antenna
was analyzed by MOM method and optimized by GSA to achieve maximum gain. The measured
bandwidth is 7.82 GHz or 115.3% over 3.1 GHz to 11.0 GHz for VSWR less than 2. It is observed
we are getting maximum gain 4.8 dB without the need to increase its size. Therefore, the proposed
antenna should be useful for ultra wide-band communication system as well as suitable for various
military and commercial wideband applications. It is observed we are getting maximum gain 4.8 dB
without the need to increase its size.
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