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Abstract

With the advent of internet of things and increase demand of high technology to keep up with
the worlds fast pace evolution in the fields of science, everything is connected to internet for
communication purposes and ease for the mankind. Shark-fin antenna is solely for the
communication between vehicles for better driving conditions and to avoid accidental
incidents. Shark-fin antenna operates on the modern frequencies of LTE (long term
evolution) and WIMAX/WLAN for speedy and efficient communication between
automobiles. The traditional whip antenna could not serve the purpose of communication
with vehicles, so there is a need for antenna which can provide that. That antenna must work
on the frequencies with higher band to communicate within the milliseconds to avoid the
collisions in traffic in time. Shark-fin antenna is the antenna which serves the purpose and
does not work on one modern frequency but two of them which are common and is the latest
in today’s science. For better and safer driving environment, we do require the
communication between vehicles. And it will be provided by Shark-fin antenna. With
increase production of automobiles for general public and overall population of world, the
world has finite space for accommodation. Science is working hard for the safety of
population and minimizing the risks for public. As the automobiles on roads are increasing,
the incidents involving human sacrifices are also increasing. According to world health
organization (WHO), annually 1.35 million people die from road traffic accidents. To cover
up for such problems and risks we need to develop an intelligent traffic solution. Shark-fin
antenna provides such a solution to minimize such happenings and increase the overall life
span of public by avoiding the road accidents by providing the communication between the

vehicles for sharing traffic information.

Key words: Vehicle communication, traffic information, modern frequencies, LTE,
WiMAX/WLAN
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1. Chapter 1: Introduction

1.1 History of Antennas:

Basically, an antenna can be defined as a conductor or an array of it which can receive or
transmit radio signals. Different historians have different belief about which was the first
antenna ever made. But most widely accepted and widely noticed by historians is the
antenna created in the 1888 by German Physicist named Heinrich Hertz. It was simply a
basic functional small antenna made to actually show the waves in our atmosphere which
was predicted by James Clerk Maxwell and hence it successfully proved it by dipole
antennas. In 1895, the scientist Marconi started to develop an antenna which was used to
wirelessly send messages over long distances i.e. telegraphy. He won a Nobel Prize over

such an incredible discovery.

(Fig 1.1 Heinreich Hertz)
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1.2 Types of Antennas based on structure

1.2.1 Dipole antenna:
Theoretically the most simplest and basic form of antenna are dipole antenna. Dipole antenna
simply consists of two equilength (of equal length) conductors end to end. The feed line is

between them connected. These antennas are sometimes also called resonant antennas.

Current
-~ A A
e -,
_f/ Half wave dipole
| |
-A/4 +A/4
T I._
Feed line

(Fig 1.2 Dipole Antenna)

1.2.2 Monopole Antenna:

It can be defined as a class of radio antenna with the shape of straight rod type conductor
fixed and upheld on the ground conductive surface with feed lines’ one end connected with
rod and the other with ground plane. The straight rod shaped conductor is often placed

perpendicular to the ground. Monopole antennas are also resonant antennas.
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Length =A/4

Monopole
Antenna
Conductive
Ground
Coaxial
Coaxial Ground

Signal Pin

(Fig 1.3 Dipole Antenna)

1.2.3 Array Antenna:
This antenna has 2 and sometimes more antennas connected in array to work as such as a
single antenna. Array antennas are used for better performance over the single antenna as it

provides with greater gain and better improvement in performance.
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dsinf3

(Fig 1.4 Array Antenna)
1.2.4 Loop Antenna:

It is the antenna consisting of a loop of a conducting material fed by balanced source. Large
loop antenna and small loop antenna are the two classes in which loop antenna is divided
into. Large loop antenna has the circumference of its loop equal to one wavelength of its
operating frequency. While small loop antenna have circumference smaller than its

wavelength of operating frequency.
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Serles tuning capacitor

Lgop antenna
(22 mm copper tube)

Coupling icop

Coaxial feedar

(Fig 1.5 Loop Antenna)

1.3  Types of Antennas based on radiation

1.3.1 Omni-Directional Antennas:

This is the class of antenna in radio communication which radiated and transmits waves in all
directions perpendicular to its own axis. It has radiation pattern in a circular shape or
something within the class of circular shape. The power radiated varies with the angle to its

axis and it is zero at its origin [1].
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(Fig 1.6 Omni Directional Antenna)

1.3.2 Directional Antennas:

This class of antenna is the one which radiates waves and maximum power at a certain
direction according to the geometry and design of antenna, for what purpose it is made. This
is mainly used to have better reception at communication. The directional antenna has a
radiation pattern with main lobe at the direction required and the side lobes which radiate

smaller power at other different directions. The maximum power is in the main lobe [1].

A

z

Elevation 9

Vector r

Side lobes

(Fig 1.7 Directional Antenna)
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1.4 Vehicular Antennas

Vehicular antennas are integrated on automobile to have better reception and
communication on the move [3]. In our daily lives, vehicular whip antennas can be seen
on the common automobiles which are mainly used for AM and FM radio waves to log
into the radio stations. In military vehicles, better form of whip antennas are seen so
different vehicles can communicate with each other on the move for passing out orders
[4]. The vehicular antennas must be as high as they can be from the ground for better
reception and the receiver antenna must not be far from transmitting antenna so the
receiving antenna is not attenuated way too much. As the technology is advancing, the
needs are advancing too [5]. With the immergence of 10T, smart cars require antennas
which can operate on higher frequencies for speedy communication like LTE, GPS, and
WAVE etc [6].

18



2. Chapter 2: Literature Review

2.1 Overview

Shark-Fin antenna is an ideal antenna for the vehicles which require fast and speedy
communication on the move operating on higher frequencies like LTE, WIMAX/WLAN.
With its greater gain and better return loss, while being still in compact size the antenna is
great for the very sole purpose it is made. The antenna is fixed with in a shark fin case which
has good aerodynamic features minimizing noise cancellation. Shark-fin antenna is the final

solution for achieving the communication between automobiles.

2.2 Achieving Multiple bands:
The multiple bands of LTE and WiMAX/WLAN are achieved with a single planar inverted F
antenna (PIFA) which is mounted on top of a ground plane [7]. The PIFA is notched and cut

at certain angles for the minimizing the return loss.

2.3 Planar Inverted F Antenna:
The planar inverted F antenna (PIFA) is the antenna for wireless communication. It has
monopole antenna connected to the ground plane [8]. The other point of contact of PIFA is
the feeding point, touching both the planar inverted F antenna and the ground plane. The
antenna then is fed from that point. In shark-fin antenna, PIFA is used to achieve the

desirable results.

2.4  Substrate
2.4.1 Ground:

The substrate for the ground used is the copper. Copper is used due to its properties which

help with minimizing the return loss and thus achieving better results [9].

2.4.2 PIFA:
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The substrate for PIFA is also copper due to its properties. Hence, we are achieving the lesser

return loss and greater gain [10].

2.5 Shark Fin case:

2.5.1 Importance of shape:
The Shape of Shark fin case is important because it helps to minimize noise cancellation due
to its aerodynamic shape [11]. The shark fin case can be painted into any color to suit the
vehicle color as opposed to traditional whip antennas. As automobiles are also becoming a
thing of fashion, so the shape of the case suits the purpose because of its beautiful and

minimalist design.

2.5.2 Printing of Shark Fin case:
The shark fin case is 3D printed from the stl file. The case is made of plastic and hence is

colored by our own choice.

(Fig 2.1 Shark Fin Case 3D printed)
2.6 Summary

2.6.1 Problem:
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With the emergence of modernism in technology, the communication on the move requires
better reception and speedy coverage operating on the higher frequencies. The old tradition
vehicular whip antennas fail to fall in a category because they are incompatible with higher
frequencies. The shark fin antenna thus operates on the higher frequencies to achieve the

maximal results of communication on the move.

2.6.2 Proposed Solution:
The solution to the problem is to design a fully integrated antenna called Shark-Fin antenna
enclosed in a shark fin like case operating on modern frequencies for vehicular

communication with greater gain and minimal return loss [12].

2.6.3 Material used:
The substrate used for the designing of antenna is copper and for shark fin case, plastic is

used with hollow body.

2.6.4 Thickness of substrate:

The copper substrate of ground is 1.8mm in thickness and the copper substrate of planar
inverted F antenna (PIFA) is 1.5mm in thickness [13].

2.6.5 Feed:
The feed is the point of antenna which is electrically active. It is Imm in length and 2mm in
width.

2.6.6 Ground:

The ground plane of antenna is copper with thickness of 1.8mm, 95mm in length and 50mm
in width.

2.6.7 Shark fin case:

The shark fin case in which the antenna will be enclosed has dimensions greater than antenna

so it could fit in it. The case is 3D printed in plastic.
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2.6.8 Objectives:

2.6.8.1 Academic objectives:

The designed antenna is with high positive gain and minimum return loss, efficient radiation

pattern, and great isolation characteristics.

2.6.8.2 Application objectives:
The Shark-Fin antenna aims at sharing information of traffic in the newly made intelligent
systems of transportation and telematics to avoid accidents involving traffic using LTE and

WIMAX/WLAN communication bands for creating a safer driving environment.
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3. Chapter 3: Antenna Design and Development

3.1 Software
3.1.1 High Frequency Structural Simulator 13.0 (HFSS):

High Frequency Structural Simulator 13.0 (HFSS) is used to design antennas, achieving and
testing its results. HFSS is used due to its unique computational functionality for designing
antennas and fast and accurate simulations in real time [14]. HFFS is a complete package and is
being used in institutional and professional level for very long time. Hence, we used HFSS for
same reasons. In particular, we selected version 13 of HFSS because of its stability and

efficiency.

3.1.2 3D case design:

The 3D case design of shark fin case is made in the software SketchUp Pro 2020. SketchUp Pro
2020 is a free to use software with wide varieties of options to make unique shape in stl file.
SketchUp Pro 2020, comparative to its competitors puts other software to shade due to its use of
ease and perfection. For this purpose, we used SketchUp Pro 2020 to design a stl file of our shark
fin case [15].

3.1.3 Fabrication of Antenna:

The antenna after being designed in hfss is fabricated and made in hard form from soft form.

3.1.4 Results measured:
After fabrication of antenna, the results of antenna are measured and run at the required high

frequencies for communication on the move.

3.2 Antenna and Case design
3.2.1 Dimensions of Antenna:

3.2.1.1 Dimensions of Ground:
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Ground

95 mm

(Fig 3.1 Dimensions of Ground)
X Size= 95 mm, Y Size=50 mm
Thickness= 1.8 mm
The ground plane is made of copper substrate with the dimension as mention above and depicted
in above figure. The dimensions of the ground is selected as such to achieve reduce return loss
[16].

3.2.1.2 Dimensions of Planar Inverted F Antenna (PIFA):

2

L
0 20 40 (mmy-tivate Windo

(Fig 3.2 Dimensions of PIFA)
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0 20 40 (mm)

(Fig 3.3 Dimensions of PIFA)

A (Feeding Strip) = X size (8.5mm), Z Size (14.05mm)

B (Notch) = X size (7.53mm), Y size (2.33mm)

C (Feed) = X size (2mm), Z size (1mm)

D (Side) = X size (59.5mm), Z size (8mm)

E (Shorting Strip) =Y size (0.5mm), Z size (17mm)

The PIFA substrate is copper of 1.5mm thickness and above mention dimensions.

The feeding strip of the PIFA is designed on the mention dimensions which are connected to the
feed point which is in turn itself touching the ground. The feed point of PIFA is not united with
the strip and the ground plane [17].

While, the shorting strip, which is united with the PIFA, is made to touch the ground plane [18].
Upon, increasing the Z size of (D) side of PIFA, the return loss is altered. Thus Z size for (D)
side is selected as 8mm to achieve the desired reduced return loss. To increase the operating
frequency of the antenna, we can increase the length (Z Size) of the Shorting strip and Feeding
strip of PIFA [19]. To achieve the modern frequencies of WiMAX/WLAN and LTE, we selected
the length of Feeding strip as 14.05mm and Shorting Strip as 17mm [20].

The notch on the PIFA helps in minimizing the return loss to a great extent. The return loss also
got reduced by increasing the size of ground plane and changing the position of PIFA on the
ground plane. To achieve our frequencies, we selected the optimal dimensions and positions for
the antenna [21].
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3.2.2 Dimensions of Shark Fin Case:
NG/ I A SBSOH L EB G2 LY ORR RO

(Fig 3.4 Dimensions of Shark Fin case)

Width of Shark Fin case is 75 mm, height is 150 mm and length is 120 mm. The shark fin case is
designed on SketchUp Pro 2020.

The Shark-fin case is made to accommodate the antenna within inside of it [22]. The above
mentioned dimensions of case have been selected as it is larger than the antenna itself and can
easily accommodate the antenna within itself. The case fabricated after the design is made of
plastic material and colored to our own choice [23]. The shark-fin case designed has a hollow
body with the shape of shark fin because it has better aerodynamic capabilities and provides

lesser noise cancellations when antenna is enclosed in it.
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4. Chapter 4: Antenna Results and Measurements

4.1 Return loss:

XY Plot 1

=
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=
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m1 2.8000 | -22.1261
m2 2.9000 | -18.5089
m3 2.7000 | -11.1461
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2.00
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(Fig 4.1 Return Loss)

As seen from the required achieved results:

At 0.9 GHz, the return loss is -11.8843.

At 2.7 GHz, the return loss is -11.1461.

At 2.8 GHz, the return loss is -18.5089.

At 2.9 GHz, the return loss is -22.1261.

All the return losses for all the operating frequencies are less than -10 which is ideal and
required.

The return loss of antenna at an operating frequency must be minimal for efficient
communication as it provides a better resilience to the atmospheric cancellations when it is
operated in real time. The achieved return loss for our antenna is all less than -10 for all
frequency bands which our antenna is operated on which optimal for working when is put to

test in real time [24].
4.2 Gain:

4.2.1 3D Plot
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dB(GainTotal)

1.1222e+081
. 9157 e+088
. 6894e+0B@
. 3032e+088

9

8

7

5.9969¢+088
4. 6987 e+008
3. 3844e+000
2,8782e+000
7.7194e-081
-5.3431e-081
-1. 8486 +000
-3, 1468e+000
-4. 4531e+000
-5, 7593e+000
-7.8656e+2000
-8.3718e+000
-9, 6781e+000

(Fig 4.2 Gain 0.9 GHz)

From the figure 4.2, it is visible that the gain at 0.9 GHz of operating frequency is positive

and is equal to 11.222 dB and minimal at origin. As seen from the 3D plot, the shape of it is
almost circular and it provides maximum gain the red colored area and minimum in blue
colored [25]. The antenna almost provides equal gain in all directions.

The spherical shape is an ideal case of isotropic antenna which exists in theories only. The
real and non-ideal antenna does not have perfectly spherical 3d plot. The spherical shape of it
means that the antenna radiates gain in directions equally [26]. The acquired 3d plot of

antenna is close to spherical shape radiating maximum gain at red colored areas.
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dB{GainTotal)

5.5943e+000
3. 6242e+000
1. 6542e+000
-3.1588e-001

-2.2859e+00@
-4. 2560e+00@
-6, 2260e+008
-8.1961e+008
-1.0166e+281
-1.2136e+001
-1.4186e+081
- -1.6876e+881
-1, 8046e+081
-2.0016e+201
-2.1986e+001
-2.3956e+001
-2.5927e+001

(Fig 4.3 Gain 2.8 Ghz)
The gain at 2.8 GHz of operating frequency is 5.5943 dB and is positive. Thus the maximum

gain is achieved.

4.3 Radiation pattern:

Radiation Pattern 1
0

Curve Info

—— dB(GainTotal)
Setup1 : Sweep
Freq="0.9GHz Phi="0deg"
—— dB({GainTotal)
Setupi : Sweep
Freq="0.9GHz" Phi="80deqg"

90

-180

(Fig 4.4 Radiation Pattern 0.9 GHz)
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Radiation pattern for 0.9 GHz for Phi= Odeg, 90deg is also achieved and is ideal for great for
vehicular communication [27].

Radiation Pattern 2
0

Curve Info

—— dB{GainTotal)
Setup1 : Sweep
Freq="2.8GHZ Phi="0deg"
—— dB({GainTotal)
Setup1 : Sweep
Freg="2.8GHZ Phi="90deg"

(Fig 4.5 Radiation pattern 2.8 GHz)
The radiation pattern for 2.8 GHz for phi= 0deg, 90deg, is visible in above mentioned figure.

As seen, the power is almost is distributed evenly but still ideal nevertheless [28].
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5. Chapter 5: Conclusion and Future Work

Previously the antenna had been operated on only FM and AM radio channels. Shark-Fin
antenna will be fixed in a shark-fin case. The antenna designed operates on Long Term
Evolution (LTE) and WiMAX/WLAN bands for vehicular communication. The designed
antenna is with high positive gain and minimum return loss, efficient radiation pattern,
and great isolation characteristics. The Shark-Fin antenna share information of traffic in
the newly intelligent systems of transportation and telematics to avoid accidents
involving traffic using LTE and WiMAX/WLAN communication bands for creating a
safer driving environment [29].

In future, the antenna can be made into MIMO to increase the applications of the antenna
and have it operate more efficiently to share traffic information for vehicular
communication. The antenna can further be modified and edited to be operated on 5G
modern bands [30].
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