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ABSTRACT

There are many cases where victims are trapped in collapsed building, underground
mines and many more trapped situation which rescuers need to save them as fast as
possible without any lost soul during the rescuing mission. To make sure rescuers are
also in a safe condition, a tracking system has been developed to track their
movement during the mission. There might be other devices in the current market
being used nowadays for the location monitoring purposes, but those products are
probably costly. In this study, several design of an optimum antenna will be selected
and fabricated. The design which is low weight, low cost and wider coverage will be
tested to make sure it meets the requirement so that in the future it can be used by our

local rescuers.
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CHAPTER 1
PROJECT BACKGROUND

1.1 Background study

An antenna which is also called an aerial is a device that consists of a
conductor that transmits, sends and receives signals being used in a various
transmission system such as broadcasting, two-way radio, communications
receivers, radar, cell phones, and satellite communications and many more [1].
The first experiments involving the coupling of electricity and magnetism was
done by Faraday around 1830s and it has evolved since then. In any radio
transmission, antenna is needed to couple from electrical source to the
electromagnetic field, electromagnetic wave (radio waves) that carries signals at

the speed of light through the air at nearly no transmission loss [1].

Among other wireless protocol, ultra-wideband (UWB) has been chosen
due to its reliability. The extensive commercial use of ultra-wideband (UWB)
transmission has sparked interest in the subject of ultra-wideband antennas, [2]
which ultra-wideband (UWB) system offers a capable solution to the RF
spectrum weakness by allowing new system to develop together with the current
radio systems with a very minimal or no interference. [3] Thus, an ultra-
wideband antenna will be design and constructed to perform analysis and thus a

solution to achieve the objectives.

1.2 Problem statement

There are various types of ultra-wideband antenna with different shapes
and definitely it has different outcomes. Current conventional radio transmission
transmits information by varying these parameters; the power level, frequency,
and phase sinusoidal wave. While ultra-wideband system transmits by producing
radio energy at particular time intervals and engaging a large bandwidth and this

will allow pulse-position or either time modulation [1].



There are few criteria that need to be improved, which are:
e coverage area / effective area
e wider bandwidth

e current and voltage distribution

1.3 Objectives

The objectives of the project are:
1. To design a low power antenna at a low cost that transmits at a wide
resolution bandwidth.
2. To design several ultra-wideband antennas, then construct selected

design.

w

Simulate the designed ultra-wideband antenna by using CST Studio.

Measure the characteristics of the antenna.

o &

Fabricate and design the optimum microstrip patch antenna.

1.4 Scope of Study

The scope of study of this project includes:

l. Understanding on the principle of antenna as well as ultra-wideband
antenna and its applications in the wide range of industries.

Il. Understanding on the microstrip patch antenna design to ensure it
meets the requirement needed for an ultra-wideband antenna.

1. Understanding on the simulation software (CST Studio) used to
design the microstrip patch antenna.

IV.  Understanding and identifying critical parameters (i.e. S-Parameter,
return loss, characteristic impedance and phase angle, and radiation
patterns) that needs to left constant or to be manipulated throughout

the process.



CHAPTER 2
LITERATURE REVIEW

2.1 Chapter overview

Fire-fighters faces dangerous situation while performing rescue mission, they
need to save souls and make sure theirs are in good condition as well. There are
several cases recorded where fire-fighters trapped inside building in a rescue
mission. Due to this, those fire-fighters died when trying to find their way out
from the scene [11]. As refer to Figure 1, 3 percent of death of the fire-fighters
caused by lost inside the structure, thus monitoring system might be useful to

reduce this fatal.

0,
Structural collapse (8%) Assault (1%)

Exposed to electricity {1%)
Struck by object (9%)

Overexertion/stress/
medical (33%)

Crashes (10%)

Lost inside (3%)
Fellljumped (3%)

Rapid fire
progresslexplosion (31%)

Figure 1: Cause of death of fire-fighters [11].

2.2 Antenna theory

Antenna basically is a guided electro-magnetic wave transformation into an
electro-magnetic wave feely propagating in space, with specified directional
characteristic [10]. A number of performance measurements need to be

considered in designing and selecting antenna for specific usage [1]. In practice,



there are numbers of parameters used; including frequency bandwidth, radiation

pattern, directivity, gain, input impedance and several other factors.

2.3.1 Radiation Efficiency

Radiation efficiency is the ratio of power of an antenna that radiated (in
all direction) to the power absorbed by the antenna receiver. The power that is
not radiated during the transmitting process is transformed into heat. This happen
through loss resistance in the antenna's conductors, but it is also cause by the
dielectric or magnetic core losses in the antenna (or the systems of the antenna)
which using such components. The loss of effectively robs power from the
transmitter, required a much stronger transmitter in order to transmit a signal at

the specific strength [1].

Usually only 50% of power supplied is used to transmit, and this happen when
the generator impedance and also the antenna are matched at 50Q. Equation 1
shows the efficiency of an antenna [12].

E — Pradiated — erz — Ry — 1 (2 3 1 1)
Py (Rr+R)I?  (Ry+Ry)  1+RL/Ry o

2.3.2 Directivity and Gain

Gain is a consideration that measures the scale of directivity of the
antenna’s radiation pattern. An antenna with a high gain will preferentially
radiate at a point of direction. The gain of an antenna is a passive occurrence
which power is not an added parameter but it simply retransmitted to supply
more radiated power in a certain direction than would be transmitted by an
isotropic antenna [1].

Directivity which also defined as "the ration radiation intensity, in a given
direction, to the radiation intensity that would be obtained if the power accepted
by the antenna where radiating isotropic ally" [14]



As refer to equation 2.3.1.2, which is a Poynting Vector, P which it will produce
the average real power per unit area radiated in free space. By multiplying the
efficiency with the directivity of the antenna, the maximum possible gain of an
antenna can be obtained [12], meanwhile equation 2.3.1.3 is to obtain gain.

Pq
4mrr?

D=2, Dlgs =10log,o=, P,= (2.3.1.2)
Py Py

G=D Fa

<D (2.3.1.3)

Paccepted by the antenna

2.3.3 Frequency bandwidth

Frequency bandwidth is also defined as the range of frequencies within
which the performance of the antenna, with respect to some of the characteristics,
conforms to a specified standard. The bandwidth of transmission can be accepted
as the range of frequency, which on the other side of the centre frequency, if the
antenna parameters are within an acceptable value of those at the centre
frequency. Practically, in wireless communications it is a requirement for an

antenna to transmit with a return loss less than -10dB over its bandwidth.

The frequency bandwidth of an antenna can be expressed as absolute bandwidth
(ABW) as well as fractional bandwidth (FBW). The value of f; and f; denote the
upper and lower edge of the bandwidth, respectively. The absolute bandwidth
also defined as the difference of the two edges and the fractional is designated as
the percentage of frequency difference over the centre frequency, as in equation
2.3.14and 2.3.1.5

ABW = f,- f, (2.3.1.4)
FBW =2 5[ (2.3.1.5)
fat+fL



For broadband antenna, the bandwidth can also be defined as the ratio of the
upper to the lower frequencies, which the situation where the performance is

acceptable, as shown in equation 2.3.1.6.

Bw =2 (2.3.1.6)
fL

2.3 Ultra-wideband

Over the past years, attention in the commercialization of ultra-wideband
(UWB) has increased, which results developers of UWB transmission start to
forcing the Federal Communications Commission (FCC) to approve UWB for
future commercial use. This lead to the FCC to approved the First Report and
Order (R&O) for commercial use of UWB technology under strict power
emission limits for various devices in February 2002. This current rapid
development in technology and the successful commercial operation of wireless
communications are extensively affecting our daily lives [5]. One of the features
of UWB that brings into attention is that its bandwidth is over 110 Mbps (up to
480 Mbps), and this range are able to suit most of the multimedia devices. At the
range of bandwidth over 110Mbps, UWB is also able to play a role as a wireless
cable replacement of high speed serial bus [4]. Comparison in between each
wireless protocol as shown in Table 1 that UWB have advantages compared to
other transmission medium. Showing that UWB transmission has the wider
frequency band, and also wider channel bandwidth, highest maximum signal rate

and it is also has better data protection which is 32-bit CRC.

Table 1: Comparison between Bluetooth, UWB, ZigBee, and Wi-Fi [4].

Standard Bluetooth UWB Zig Bee Wi-Fi
IEEE spec 802.12.1 802.15.3a 802.15.4 802.11a/b/g
Frequency 2.4 Ghz 3.1-10.6 Ghz | 868/915 Mhz, 2.4 Ghz 2.4Ghz, 5Ghz
band

Max signal 1 Mb/s 110Mb/s 250KDb/s 54 Mb/s
rate

Nominal 0-10dBm -41.3 dBm/Mhz (-25)-0 dBm 15-20 dBm
TX power




Channel 1 Mhz 500 Mhz - 7.5 0.3/0.6 Mhz; 2Mhz 22 Mhz
bandwidth

Ghz
Data 16-bit CRC 32-bit CRC 16-bit CRC 32-bit CRC
protection

2.4 Mircostrip patch antenna

In ultra-wideband (UWB) transmission, the main objective is to transmit pulses

at very short duration as opposed to traditional communication schemes, which it

will send sinusoidal waves. This transmitting pulses need to be transmit as

accurately and also very efficient as possible [6]. In order to meet this

requirement, several design of microstrip patch antenna need to be considered.

Types of microstrip antennas are classified by their physical parameters, which it

have different type of shapes as well as dimensions. There are four basic

categories of these microstrip antennas [12];

Microstrip patch antennas
It is well-suited for embedded antennas due to its low-profile
design. The structures make it very suitable for mobile wireless
devices. It has many advantages such as very light weight and low
volume, it supports either linear or circular polarization, it is also
mechanically stable when the unit is being mounted on rigid

surfaces, etc.

Microstrip dipoles antennas
Compared with the microstrip patch antenna, dipoles antennas has
a very different bandwidth, radiation resistance, and the cross
polar radiation. Since the substrate of this type of antenna is thick,

it can be operated at high frequencies.
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Figure 2: Structure of a Microstrip and printed dipoles.

e Printed Slot Antennas
These printed slot antennas have the slot in the ground plane of a
grounded substrate, and it can be radiate in either bi-directional,

meaning that it can be radiate at both sides or unidirectional.

Microstrip travelling wave antennas

It has a long microstrip line so that the main structure lying in any
direction from broadside to end fire.



Table 2: Comparison between microstrip patch antennas [12].

Characteristics

Microstrip Patch

Microstrip Slot

Printed Dipole

Antennas Antennas Antennas
Profile Thin Thin Thin
Fabrication Very easy Easy Easy
Polarization Both linear and Both linear and Linear
circular circular
Dual-Frequency Possible Possible Possible
Operation
Shape Flexibility Any shape Mostly Rectangular and
rectangular and triangular
circular shape
Spurious Exists Exists Exists
Radiation
Bandwidth 2-50% 5-30% ~ 30%

As refer to Table 2, it is shown that microstrip patch antenna have a better

characteristics compared to the other two type of microstrip antennas. Thus, in

this project, a thin square patch of one side of a dielectric substrate and the other

side is a plane to the ground design has been chosen (microstrip patch antenna).

Patch

\

Ground Plane

-

Dielectric Substrate

Figure 3: Example structure of microstrip patch antenna.




In study paper [9], it shows that rectangular design has a smaller size and also
wider bandwidth compared with the triangle slot antenna design. To design the
antenna, it takes several considerations such as matching & spectral control,

directivity and system performance, antenna size and its bandwidth, and also

antenna size and its gain [2].
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CHAPTER 3
METHODOLOGY

3.1 Research Methodology

The early stage of this study needed simulation software, CST Microwave Studio
for designing and simulation purposes. The simulation of the process is preferred
to the experimental data collection method in order to select the best output from

several design that will be fabricated and test it in a real situation.

Background study and literature reviews on the
application of microstrip patch antenna and its
common features.

v

Identify general principle in designing an antenna

v

Familiarize with simulation software (CST
Microwave Studio) and designing basic antenna

v

Designing the antenna with particular parameters;
> gain, bandwidth, pattern radiation, power
consumption and impedance matching
v
Fabricate the antenna by choosing the selected
designs
v
Perform testing and analyze result

Is the objective
achieved?

no

Final fabrication of the antenna

Figure 4: Research methodology and project activities
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3.2 Key Milestone

Final Year Project 1

No | ltem/Week 11234 |5|6 7

8

10

11

12

13

14

1 | Project title
selection

2 Extended
proposal
submission

3 | Proposal
defence

4 | Draft report
submission

5 | Final report
submission

Table 3: Key Milestone of Final Year Project 1

3.3 Gantt Chart

Final Year Project 1

No | Item/Week 11234 |51]6 |7

8

10

11

12

13

14

1 | Project title
selection

2 | Background
study and
literature
reviews on the
application of
microstrip
UWB antenna
and its
common
features

3 | Identifying
suitable design
to minimize
return loss and
acceptable
bandwidth

4 | Extended
proposal

5 | Study on the
parameters
needed to
minimize
return loss

6 | Proposal

12




defence

Familiarize
with
simulation
software

Design several
prototype and
analyze the
results

Draft report

10

Final report

No

Item/Week

11

Fabricate

selected design
of microstrip
patch antenna

12 | Perform
testing and
analyze result

Table 4: Gantt Chart of Final Year Project 1 and 2

3.4 Tool & Software Required

Software
e Microsoft Office
e CST Microwave Studio

Hardware
e Printed circuit board (PCB)
e FR4
e Network Analyzer

13



3.5 Result and discussion

3.5.1 Parametric study on rectangular patch antenna with full ground

Figure shown below is a simulation base 3-D view rectangular patch
antenna with characteristic impedance of Z, = 50ohm. This rectangular patch
antenna is the design which the cooper covered all the substrate as ground.
Several simulations have been done to study on the behaviour of the designed
antenna. Changes on the parameter have been made to satisfy the return loss
output which is below -10 dB in S-Parameter magnitude, thus the diameter of the

patch has been changed to meet the requirement.

Figure 5: 3-D view of modelled antenna in CST Studio Microwave.

Return loss of the antenna from port S1,1 shown in figure 6. The simulation
result showing the return loss is having an unstable output and it did not meet the
requirement. Targeted return loss is below -10dB from port S1,1 or VSWR more
than 2:1.

The working plane size is set with 100mm for single element, the Raster width is

2 and Snap width is 0.01. The rectangular patch antenna size is 42x32x0.035.

14
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Figure 6: Simulated return loss from port S1,1.

0 T T 1
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Figure 7: Measured antenna with full ground.

As refer to the simulation result (Figure 6), it shows that the port S1,1
transmitting frequency at the range of 2 to 16 GHz. The return loss showing it
did exceed below -10db, but not in a smooth outcome, which it has to be below -
10dB with a smooth bouncing graph. As well as the measured fabricated antenna
(figure 7), the outcome almost similar to the simulation which result bad return
loss when transmitting data. The measured antenna starts from 2GHz to 14GHz
due to the limit of the network analyzer which can only measure up to 14GHz

only.
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Meanwhile, radiation pattern are consist of function or graphical representation
of the radiation properties on antenna as a function of space coordination. In
practice, the 3-D pattern is measured and recorded in a series of 2-D pattern. The
antena design at almost radiated energy in omnidirectional is prefered. In order to
have a monitoring antenna, having a good omnidirectional radiated energy is
important to transmit the data. In this study, monitoring a fire-fighter during
rescuing mission will need an antenna which transmits data at any direction.
Figure 7 showing an antenna with a full ground covered transmits at 4 GHz with

weak Z plane data transmitting.

Figure 8: Radiation pattern (farfield) at 4 GHz.

Farfield Drectivity Abs (Phi=0) Farfield Directivity Abs (Phi=90)

0

Phi=180 Phi=270

120 Y R 120 120 120

150 150 150 150
180 180

(a) (b)
Figure 9: E-Field (a) and (b) of full ground antenna.
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For a linearly-polarized antenna, E-plane contains the electric field vector
and the direction of maximum radiation. The electric field or "E" plane
determines the polarization or orientation of the radio wave. H-plane on the other
hand, contains the magnetic field vector and the direction of maximum radiation.
Both planes were measured (Figure 9) on fully covered ground to indentify the
outcome of the designed antenna and determine whether the design is suitable for

monitoring purposes.

It clearly shown the radiation of the antenna did not satisfy the requirement

which it need to be radiating evenly instead of focus at one particular point.

Figure 10: Front and back design of fully covered ground antenna.

3.5.2 Parametric study on rectangular patch antenna with partial ground

To have an efficient data transmitting antenna, several changes are made
from the full ground antenna design in order to meet the requirement. Study
shows that having a partial ground produce a good omnidirectional data
transmitting compare with fully covered ground. The partial ground on the
antenna, equation below is needed which the correlation of plates and ground
plane are:

Conductor loss,
Pc=12R eq(3.1)

17



Current density,
Pc=2Rs (”s.JJ*) ds eq(3.2)

Pc: conductor loss
RS: surface impedance.

S: patch area.

Radiated power, Pr

r=% Re (J_[apertureE X H*) ds eq(33)

Pr = (1/2n9) J.J.(|Ee|2 + |Eo|2) r2sin 6 dO do eq(3.4)

Figure 11: Front and back design of partial ground antenna.

After calculation is made to determine the partial ground dimension, it was
designed and tested by using CST Microwave Studio. Result shows that by
having a partial ground, it increases the area of transmitting plane. Covered
ground will have a good gain but transmitting data will only focus at certain
plane and this cannot be proceed in order to have an optimize omnidirectional

antenna.

Figure above shows that partial ground design has a better simulated return loss
and gives better impedance bandwidth span, 8 GHz compare to fully covered
ground due to the increased of inductance of the patch radiator. By using the

transmission line model, the patch width and length is calculated.

18
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Figure 12: Comparison between fully covered ground and partial ground.
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Figure 13: Return loss of the partial ground design.

The resonant frequency, fr is 6.85 GHz. The bandwidth of the system is often
described as relative to the upper and lower bound of frequency.

fH=11.174 GHz ; high operation band
fL=3.192 GHz ; low operation band

BW=fH- fL
=7.97 GHz

19



Bandwidth with 8 GHz is a good span in ultra-wideband data transmitting. The
designed antenna operated in between of 3 to 11 GHz, which it is in the range of
ultra-wideband spectrum. Radiation pattern in Figure 14 shows that having partial
ground will generate a better radiation energy compared to fully covered ground.
Having a design with almost radiated energy is important, which the data will be

transmitted at any omnidirectional plane.

Figure 14: Radiation pattern for partial ground.

Farfield Directivity Abs (Phi=0) Farfield Directivity Abs (Phi=90)

Phi=180 Phi= 90 ' Phi=270

(a) (b)
Figure 15: E-Field (a) and (b) of partial ground antenna.

The partial ground antenna produces an optimum radiation pattern on E-field as
well as on H-field as refer to Figure 15. The direction of the radiation on both
planes suits the omnidirectional data transmitting criteria, which it radiate at

almost every direction.
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After fabricating the antenna, a test need to be done to measure whether it is
working as simulated. The antenna that was measured using network analyzer is

proving that it is generating the output as simulated.

10 ~

O T T T 1
“\\ SE+09 1E+10 1.5E+10

_
o
‘L)

Return loss (dE)
W N
o o

i
o
1

o
o
L

Frequency (Hz)

Figure 16: Measured antenna.

3.5.2 Final design antenna

Optimized final antenna design is shown below with the geometry as well as the
fabricated antenna on the PCB, figure 16.

Wsub
A
Lsub_b

P Wohpatch ~

A

b Substrate
leotl Lpatch
v
ERNSEDNDN N I R
—> A
Lsub : Wslot
1
' ' A
' ' Lsub_a 4
—» a 4
1 1
. GND
Lmlin
Wml? il
Lgnd
v A 4 v v

Figure 17: Antenna geometry.

21



The measurement for the design is:

Wsub = 30mm, Lsub = 30mm, Lsub_a = 20mm,
Lsub_b =2mm, Wpatch = 15mm, Lpatch = 13mm,
Wmlin = 2.8mm, Lmlin = 15mm, Wslot = 8mm,

Lslot = 1mm, a=3.5mm, b = 7mm, Lgnd = 14mm

Figure 18: Fabricated ultra-wideband antenna.
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CHAPTER 4
CONCLUSION AND RECOMMENDATION

Ultra-wideband antennas have a better parameters compared to the other
conventional antenna. The selection of this transmission system is to prove that
ultra-wideband is the most reliable wireless protocol to be used in rescue mission
compared to transmission medium. The outcome of the prototype was tested and
analyzed and this will be very useful in monitoring rescuers during real rescue

situation.

Implementation of array antenna in order to achieve higher gain is recommended
in further experiment. Further testing is needed in order to have a better
understanding on the capability of the designed antenna which it might produce a
difference outcome since the simulation data is only on the basis of ideal
situation. On field situation with proper equipment is an example of test that can

be conducted to test the capability of the antenna.
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