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Abstract - The Indian regional navigational satellite system
(IRNSS) is an autonomous regional satellite navigation system
being developed by the Indian Space Research Organization
(ISRO) which would be under complete control of the Indian
Government. The requirement of such a navigation system is
driven by the fact that access to Global Navigation Satellite
System, GPS is not guaranteed in hostile situations. Design of
IRNSS antenna at user segment is mandatory. The simulated
Microstrip patch antenna operates on the frequency of L5 band
(1176.45 MHz) which is used for positioning services. Its
parameters are enhanced by making 2x8 array with Teflon
substrate, increasing gain, directivity, and efficiency to 17.3dB,
18.1dBi and 95.58% respectively. For fabrication purpose
substrate FR4 substrate can be used for which 10.1dB gain and
15.4dBi directivity is obtained till 2x8 array. Results of
simulation are compared with hardware results using Vector
network analyzer for two models of all array.

Index Terms— IRNSS, GPS, Microstrip patch antenna and
Array antenna

I. INTRODUCTION

The Global Positioning System (GPS) is a space-based
satellite system that provides location and time information in
all weather conditions, anywhere on or near the Earth. As it is
maintained by the United States government and is freely
accessible to anyone with a GPS receiver. The limitation as
supposed is if GPS system of US fails then in all over the
world system will stop working. The requirement of such a
navigation system is driven by the fact that access to foreign
government-controlled global navigation satellite systems is
not guaranteed in hostile situations, as happened to Indian
military depending on American GPS during Kargil War™,
India has planned to develop a satellite based navigation
systems known as Indian Regional Navigational Satellite
System (IRNSS) for positioning applications. The IRNSS is
an autonomous regional satellite navigation system being
developed by Indian Space Research Organization (ISRO)
which would be under the total control of Indian government.
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The government approved the project in May 2006, with the
intention of the system to be completed and implemented by
2015. 1t will consist of a constellation of 7 navigational
satellites. All the 7 satellites will be place in the Geostationary
orbit (GEO)to have a larger signal footprint and lower
number of satellites to map the region. It is intended to
provide an all-weather absolute position accuracy of better
than 7.6 meters throughout Indiaand within a region
extending approximately 1,500 km around it. A goal of
complete Indian control has been stated, with the space
segment, ground segment and user receivers all being built in
India. The  first  two  satellites IRNSS-1A IRNSS-1B
and IRNSS 1-C of the proposed constellation were precisely
launched on 1 July 2013 and 4 April 2014 respectively
from Satish Dhawan Space Centre. The next satellite IRNSS-
1D of the proposed constellation are planned to be launched
by end of 2014 and the remaining three satellites IRNSS-
1E, IRNSS-1F and IRNSS-1G are planned to be launched by
middle of 2015,

I1. MOTIVATION

As the next generation of Satellite navigation system, every
country wants to be independent for the positioning and other
secured services. The whole new Era has taken birth after
invention of GPS system. India is densely populated country,
need of navigation of Indians is mandatory. For positioning or
for military purpose, navigation system like GPS navigation
system is required. This requirement gave rise to the birth of
IRNSS, constellation of 7 satellite serving 24x7 positioning
and secured services.

I1l. PROBLEM STATEMENT

In Satellite navigation long distant signal exchange is
required, so to have healthy communication the signal must be
of high frequency. As there will be many losses taking place
between satellite and earth station or end user, so high
frequency signals are mandatory for it. As the IRNSS will be
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used for positioning purpose by civilians, the receiving
antenna should be such that it can easily adjusted in a mobile,
car and other devices. So Patch antenna is the first choice to
fulfill the requirement for being receiving antenna of such
positioning system i.e. IRNSS. But the gain of the patch
antenna is very less compared to the requirement for such
antenna. Gain can be increased by increasing the input power
but at one level the increasing of power can damage the patch
antenna.

IV. OBJECTIVES

The main objectives of this dissertation are as follows:
l. Design and simulate the patch antenna for L5 band
and S of the IRNSS
1. Design and simulate an Array patch antenna for the
L5 and S band
Il. To characterize the antenna parameters in term of
radiation pattern and gain for simulation
V. Compare simulated results with measured results

V. SIMULATION RESULTS

The practical width of the microstrip patch conductor that will
produce an effective resonator is given by
vp | 2
w=— |

26, [ +1

However, for widths smaller than those selected
according to equation, the radiator efficiency is lower while
for larger widths, the efficiency is greater.

However, excessive width is not desirable because
the influence of higher order modes becomes significant
which may cause field distortion. The ideal width for
practical use can be determined from equation, although the
value may not correspond to the optimal one. Once W is
known, the effective dielectric constant, g IS calculated
using below equation

Figure 1 Fringing field
Substitute this value of eeff into equation for the equivalent
length of the transmission line extension
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(e reff + 0.3)( + 0.264)

Al = h(0.412) o
(Ereff — 0.258) (- + 0.8)

The length, L of the microstrip resonator slot is then given by
o
L= P — 2AL
Length is a critical parameter because of the inherent narrow
bandwidth of the resonant element, and hence equation
should be used to obtain an accurate value of the line length
L. Here, 2AL is the apparent increase in the slot length due to

the current flowing around the end of each slot.

Length of Patch (L) 86.2 mm
Width of Patch (W) 102.42 mm
Substrate Height (h) 2.4 mm

Dielectric constant of | 2.1
Teflon (er)

Design Frequency 1.176 GHz
Length of strip (Lf) 71.2mm
Width of strip (Wf) 8.4mm

Table 1. Value of Design Parameters
A.1l. SIMULATION RESULT

Microstrip patch antennas are to be designed on the
computer simulation technology (CST). CST microwave
studio is a specialist tool for the 3D EM simulation of high
frequency components.

e MSP model for single band(L5)
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Figure 2 MSP model

This design is the microstrip patch antenna model design. It
is design on the CST microwave studio. In that the model
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consist of four parts which are patch , substrate, ground
plane, feeding port. In this design the substrate material is
TEFLON and the patch is made up of copper.In this design
microstrip feed line is used as a feeding technique. In that the
feed line is to be inserted into the microstrip patch.

e Simulation graph for single band
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Figure 3 Return loss vs frequency

This graph gives the relationship between Return Loss and
Frequency. The return loss is another way of expressing
mismatch. It is a logarithmic ratio measured in dB that
compares the power reflected by the antenna to the power
that is fed into the antenna from the transmission line.

e Directivity Vs Angle
Farfield Directivity Abs (Phi=90)
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Figure 5 Directivity for single band L5

This design of antenna gives the Gain 7.3 dB and Directivity
8.2 dBi so the effiency obtained is 89.02%
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Figure 4 Farfield plot for single band

This figure 4 and 5 gives the gain and directivity of the
microstrip patch antenna. And it is the farfield model of the
microstrip patch antennas.form this design we can get the gain
is around 7.3 dB and directivity 8.2dBi.

IJIRT 142452

Parameter L5 1x2 2x2 2x4 2x8
single | Array | Array | Array | Array
patch

S- - - -8.7176 - -9.8041

Parameter | 19.2798 | 9.02087 5.0438

(dB)
Gain (dB) 7.3 8.9 11 12.4 17.3
Directivity 8.2 9.8 11.8 14.3 18.1
(dBi)
Efficiency | 89.0243 | 90.8163 | 93.2203 | 86.713 | 95.5801
%
Bandwidth | 13.4594 | 20.6 17.2 5.00 28.5
(MHz2)

e ARRAY models:
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Figure 6 ARRAY models 1x2 2x2 and 2x4

B. For FR4 material
Due to lack of availability of TEFLON substrate in the
market we need to fabricate antenna in FR4 material

C. Fabricated ARRAY

Figure 8(a)
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Fiaure 8(b)
Figure 8 (a) fabricated 1x2 (b)VNA result of 1x2

Figure 9(a)
Parameter L5 1x2 2x2 2x4 2x8
single Array | Array | Array | Array
S- - - - -7.361 -
Parameter | 22.5053 | 14.8273 | 13.6536 4.836
Gain (dB) 3.1 5.4 7.7 94 10.1
Directivity 7.1 8.5 10.2 12.8 154
(dBi)
Efficiency 43.6 63.59 75.49 73.43 | 64.33
%
13
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Ref -3.24 dB

Figure 9(b)
Figure 9 (a) fabricated 2x4 (b)VVNA result of2x4
VI. CONCLUSION

The aim of this thesis was to show the design of compact
microstrip patch antenna for L5 band and how different
parameters are enhanced by making array of that patch with
teflon substrate. The gain of L5 single band, 1x2, 2x2, 2x4 and
2x8 array antenna are 7.3, 8.9, 11, 124 and 17.3dB
respectively and 3.1, 5.4, 7.7, 9.33 and 10.1 respectively for
FR4. The simulated results are compared to measurement
results for 1x2 and 2x4 arrays.

REFERENCES

[1] B.Sada Siva Rao, T.Raghavendra Vishnu, Habibulllah
Khan, D.Venkata Ratnam, “Spiral Antenna Array Using RT-
Duroid Substrate for Indian Regional Navigational Satellite
System,” International Journal of Soft Computing and
Engineering (IJSCE) ISSN: 2231-2307, Volume-2, Issue-2,
May 2012

[2] Presentation by S. Anandan (2010-04-10) on topic of,
“Launch of first satellite for Indian Regional Navigaion
Satellite system next year”

[3] (IRNSS) presentation by Mr K.N.Suryanarayana Rao
(Project Director, ISRO)

[4] A Dual Frequency Microstrip Patch Antenna for High-
Precision GPS Applications L. Boccia, Member, IEEE, G.
Amendola, Member, IEEE, and G. Di Massa, Senior Member
[5] A Planar Passive Dual Band Array Feed Antenna for Ku
Band Satellite Communication Terminals Zhenchao Yang and
Karl F. Warnick 978-1-4673-0462-7/12/$31.00 ©2012 IEEE
[6] A Planar antenna array with separated feed line for High
gain and side lobe reduction M. T. Ali, T. A. Rahman, M. R.
Kamarudin and M. N. Md Tan, R. Sauleau Progress In
Electromagnetics Research C, Vol. 8, 69-82, 2009

IJIRT 142452

[7] Dual Band Proximity-Fed Stacked Patch Antenna for Tri-
Band GPS Applications Yijun Zhou, Chi-Chih Chen, and John
L. Volakis

[8] C. L. Mak, K. M. Luk, Senior Member, IEEE, K. F. Lee,
Fellow, IEEE, and Y. L. Chow “Experimental study of a
microstrip patch antenna with an L- shaped probe, ieee
transactions on antennas and propagation, vol. 48, no. 5, may
2000.

[9)Jia-Yi Sze, Member, IEEE, and Kin-Lu Wong, Senior
Member, IEEE , “ Slotted rectangular microstrip antenna for
bandwidth enhancement” , IEEE transactions on antennas and
propagation, vol. 48, no. 8, august 2000

BOOKS:
[A] C.A.Balanis, “Antenna Theory: Analysis And Design,”
2nd Edtion, John Wiley & Sons Publications.

. th
[B] J.D.Kraus, “Antenna and Wave Propagation,”4

Tata Mcgraw Hill Publications.

[C] Ramesh Garg, Prakash Bartia, Inder Bahl, Apisak
Ittipiboon, Microstrip Antenna. Design ~ Handbook, pp 1-68,
253-316, Artech House Inc, Norwood, MA, 2001.

edition,

WEBSITES:
[i]https://www.google.co.in/?gfe_rd=cr&ei=GoiSVODMJ8uF
VASJooCgBw#q=irnss
[ii]http://en.wikipedia.org/wiki/Indian_Regional_Navigation_
Satellite_System

[iii] http://www.isro.org/satellites/irnss.aspx

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 14



