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Abstract

The road accidents have increased in the urban areas to the level which is alarming. The accidents cause loss of human life which can be
avoided if the accident victim is rescued at the earliest and given the necessary treatment. This paper involves the designing of an antenna
unit for the purpose of tracking the vehicles met with the accidents. The tracking unit placed in vehicles requires a low profile antenna to

be placed on top of the roof of vehicle. The simulation study of this antenna is performed in Feko Suite and validated in CST.
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1. Introduction

The usage of wireless communication for personal application has
increased rapidly all around the world. The quality of the service
provided in earlier days was low when compare to the quality of
service provided today. The infrastructure facilities all around
world for terrestrial mobile communication has increased, thus a
vast majority of areas get good coverage. But still certain remote
areas are without coverage.

Satellite based wireless communication is a solution for the above
mention problem. Mobile communications utilizes satellite has
advantage of transmitting and receiving traffic through broadcast
or multicast methods.

The merits using the mobile satellite communication was first
implemented by Japan aerospace exploration agency. The
developed S band satellite called Engineering test satellite VIII.
They also launched this satellite to space to conduct orbital
experiments to prove the various functions of mobile satellite
communication. This technology expected faster, accurate and
error free data from satellite for a traffic control in case of
emergency. Further the usage of GPS, regulating vehicular
communication and electronic toll collection are utilized rapidly.
In this research an antenna unit capable of establishing a
communication link with the satellite even when moving at high
speeds is design. We assume the satellite is a geo stationary
satellite.  The intended system requires a compact antenna. To
reduce the size of the antenna unit, novel patch array antenna is
proposed. The antenna has beam tracking capabilities. The
antenna unit will be installed on top of a moving vehicle.

2. System Architecture

The system architecture consists of four blocks. They are satellite,

transmission channel, fixed ground station and mobile ground
station. The most important transmission problem is due to
obstruction of various objects which causes loss in the received
satellite signals. The other problems include shadowing effect due
to trees and fading effect due to surrounding infrastructures and
tree. This effect can be reduced when directional antenna's are
utilized because they reduce refection of signals. Both the fixed
ground station and movable ground station comprises of antenna,
up/down converters, diplexer, power amplifier, low noise
amplifier, demodulator and modulator. The satellite’s system is
similar to fixed ground station and movable round station but does
not comprise a modulator and demodulator. The satellite receives
a signal and transmits a signal after changing its frequency and
magnifies the week signals. The metrics used to evaluate the
performance of the system architecture are G/T(Figure of Merit),
EIRP(Effective Isotropically Radiated Power) and C/NO(Carrier
Power to Noise Power Ratio). The G/T and EIRP evaluates the
transmission and reception capabilities of satellite, fixed ground
station and mobile ground station. The C/NO evaluates the
transmission channel. The system architecture for the proposed
work is shown in figure below.

Fig. 1: System architecture

Apart from the system architecture shown in the above figure,
various different system architectures are shown below which
varies depending on the application of interest. The applications
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are limited to military, government agencies and also few private
organizations for commercial purpose because communication
through the satellite involves licensing issues.
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Fig. 2: Alternate system architecture

The Fig. 2. shown above illustrates an alternative system
architecture which involves communication between vehicles
moving at high speeds.

Fig. 3: Another alternate system architecture

The Fig. 3. shown above illustrates an another alternative system
architecture in which the communication between army tanks and
satellite is established and maintained even when the army tanks
moves through rugged surfaces.

3. Vehicular Antenna’s

The vehicular antenna's should have properties which satisfies
electrical, mechanical and electromagnetic requirements. The
required characteristics are described as follows

1. Mechanical Requirements: The antenna design should
be light in weight and small in size to save space and for
other structural reasons. Designing a compact antenna
has a trade off which includes less gain, include beam
width. Due to the reduced gain, the power supplied to
the antenna needs to be increased but the battery of a
vehicle has a constraint of supplying high power. The
other requirement is wide band width. Designing an
antenna with wide band width has a trade of interference
with other systems and increased fading effect. The
antenna when placed over a vehicle, it is considered as a
mechanical structure which undergoes vibration effects
when the vehicle moves at high speed , subjected to
aerodynamics forces and sudden application of break
causes Vvibration effects causing harmonics. These
effects can be investigated using simulation tools by
performing various analysis like modal analysis,
harmonic analysis etc.

2. Electrical Requirements: The signal before transmission
and after reception are purely electrical signals.
According to the link budget given by Friss transmission
formula, the important parameter for the signal to be
received without being lost is input power. The only
possible way to supply power to the vehicle mounted
antenna is from the battery of the vehicle. The battery in
the wvehicle is charged from the fuel of vehicle.
Therefore installation of the system increases the fuel
consumption of vehicle which is undesired.

3. Electromagnetic Requirements: The International
Telecommunication Union (ITU) regulates the satellite

services like licensed frequency usage to different
region of the world. The intended system requires a
valid license from ITU to utilize the frequency band
reserved for the purpose of mobile satellite
communication. The antenna mounted on a vehicle for
mobile satellite communication needs to circularly
polarized to eliminate polarization tracking and other
fading effects. According to the link budget given by
Friss transmission formula, the important parameter for
the signal to be received without being lost is the gain of
transmitting and receiving antenna. Since the distance
between the satellite and to fixed ground station or
movable round station is large, the gain of the
transmitting and receiving antenna should be high.

4. Satellite Tracking

The medium and high gain antenna’s can perform satellite tracking
contrary to omnidirectional antenna. The beam width of the
antenna, speed of the vehicle reflects on the tracking capabilities
of the antenna. The conventional accuracy required for satellite
tracking is less than 1dB. Tracking functions of the satellite
includes beam steering and tracking. The tracking system utilizes
various structures to keep the antenna pointed to the satellite
direction which is achieved using motors and drives. An
alternative method to track the satellite is through electronic beam
scanning. [30]

5. Results & Discussion

The Fig. 4. shown below is the geometry of the designed antenna
unit. It is a broadside array of four patch elements. The proposed
design is constructed using RT Duroid 5880 material.

Fig. 4: Geometry of the designed antenna unit

The Fig. 5. shown below is the Cartesian gain plot of the proposed
antenna unit. This result was obtained using Feko suite.
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Fig. 5: Cartesian Gain plot of the proposed antenna unit
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The Fig. 6. shown below is the polar gain plot of the proposed
antenna unit. This result was obtained using Feko suite.
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Fig. 6: Polar gain plot of the proposed antenna unit

The Fig. 7. shown below is the S;; plot of the proposed antenna
unit. This result was obtained using CST suite.

Fig. 7: S11 plot of the proposed antenna unit

The Fig. 8. shown below is the Cartesian gain plot of the proposed
antenna unit. This result was obtained using CST suite.
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The Fig. 9. shown below is the axial ratio plot of the proposed
antenna unit. This result was obtained using CST suite.

Fig. 9: Axial ratio plot of the proposed antenna unit

6. Conclusion

From the simulation study and its comparison with the
requirements of vehicular antenna for vechile tracking,its infered
that the proposed antenna is best suited for the purpose.
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