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Abstract 

For a global navigational system, the antenna should operate in three major frequency 

bands which are S-band (2.482–2.502 GHz), extend the spectra of GNSS and IRNSS 

band from high L-band (1.554–1.612 GHz) and low L-band (1.166–1.289 GHz). So 

the design of an antenna for GNSS and IRNSS application should cover all three 

frequency bands. As discussed here, for GNSS and IRNSS applications, the antenna 

should either be multiband which covers all three navigational frequency bands or 

wideband which can cover the entire frequency band. For the multiband antenna, it is 

difficult to get all three navigational frequency bands from a single antenna. It is also 

difficult to design a wideband antenna. In this thesis, both multiband and wideband 

antennas are proposed with optimized designs. 

 

A Multiband antenna covering four different frequencies with a S11(dB) of -14.31 dB 

at the 0.99GHz, -15.53 dB at 1.16GHz,-14.60 at 1.54GHz and -14.60 at 1.98GHz is 

proposed by adopting slot patch configuration. The proposed slot patch antenna has a 

good amount of gain at some frequencies and also having VSWR which lies between 

1to 2 for all resonant frequency. The proposed antenna can be used for active 

navigation radio services. Furthermore, the parametric study of a parasitic array of the 

patch shows that more parasitic element gives multiple frequency bands and with good 

value of gain. As none of the multiband antenna designs in this thesis can provide all 

the navigational frequency band so one of the best way to cover all the frequency bands 

is to design a wideband antenna.   

 

A conventional wideband log periodic microstrip antenna without slot and ring is 

designed, which covers the wideband of almost 1.7-4.1GHz. Optimization of the same 

conventional design has been done by making a slot of 1cm×0.5cm at end of arm and 

0.1cm ring at the outer side which covers the band of 1.04-4.9 GHz. So by making the 

outer ring with the same antenna dimensions, bandwidth is increased by almost 

1.4GHz, and due to slot structure antenna able to maintain a good amount of gain along 

with wide bandwidth. By making a slot at the outer side along with ring antenna can 

provide better co and cross polarization with the same bandwidth and same 

dimensions. As focused on navigational application, due to wide bandwidth antenna 

can cover all three navigational frequency bands, low L (1.166–1.289 GHz), High L 
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(1.554–1.612 GHz) and S-band (2.482–2.502 GHz). Also, this antenna has a good 

amount of gain, more than 5dB total gain and more than 3dB for all desired GNSS and 

IRNSS frequency band, with VSWR lies between 1 to 2 and good bi-directional 

radiation pattern. Based on the comparison between different simulated results, the 

fabrication and testing of an antenna having an optimized design with slot and ring 

structure have been done. For the fabricated antenna measurement of return loss, 

VSWR and radiation pattern have been carried out. The measured results are very close 

to simulated results. The only problem with the given antenna is, it provides less gain 

compared to the conventional antenna but the impedance bandwidth achieved is very 

wide. 

 

The problem of having high gain along with wide bandwidth is resolved by designing 

a novel antenna with dual shorted ring and slot loaded design. At the end of the thesis, 

the comparisons with previously designed antenna available in the literature with that 

of the proposed compact wideband log periodic microstrip antenna have been done. 

The proposed antenna covers all GNSS and IRNSS, frequency bands. Along with 

navigational frequency band, the antenna covers the L band and S-band so the same 

antenna can be used for other wireless communication application which comes under 

the L band and S band.  



 

 

xiv 

 

Acknowledgment 

Firstly I want to thank the Almighty God for providing opportunity and courage and 

the ability to complete this research work. 

I am deeply gratified to have a supervisor like Dr. J.M.Rathod, Associate. Professor, 

Electronics Department, B.V.M. Engineering College V.V.Nagar-Anand. His 

continuous encouragement support and guidance inspires me to work continuously and 

improvise it. He shared his valuable experience on so many occasions and guided me 

to complete this work effectively.  

I am very thankful to Doctoral Progress Committee (DPC): Dr. C.H.Vithalani, 

Professor and Head, EC Department, Government Engineering College, Rajkot, and 

Dr. K.G.Maradia, Professor and Head, EC Department, Government Engineering 

College, Sector 28 Gandhinagar for their inputs and support during reviews. I am very 

grateful for their suggestions and critical reviews that enable me to improve this work. 

I am also very thankful to Dr. Indrajit Patel, Principal BVM engineering college, Dr. 

T.D.Pawar, Head, Electronics Department, B.V.M. Engineering College V.V.Nagar-

Anand to allow me to conduct my research and experimental work at ELARC antenna 

research center and Dr.T.K.Upadhyaya Professor and Head, EC Department CSPIT, 

CHARUSAT University Changa.   

I am very thankful to my parents for all their support during the tenure of my research. 

Shabnam, my wife who always stood by my side in all difficult time of my life and 

provided support and encouragement to complete research work. I am very grateful to 

have loving daughters Suzan and Aamena who have to lighten my mood during 

difficult times.  

I would like to thank Prof. Balvant Makwana, Prof Tarun Patel, Prof Nilesh 

Bankar, Prof. Prashat Scachaniya, Prof Chintan Shah and Shri B.K.Parmar for 

providing assistance whenever I face difficulties in work. Last but not least all of those 

who have helped in finishing research work. 

 

Modasiya Shahidmohammed Salauddin 

Research Scholar, Gujarat Technological University. 



xv 

 

Table of Content 

 
Abstract ............................................................................................................................ xii 

Acknowledgment ............................................................................................................ xiv 

CHAPTER-1 ...................................................................................................................... 1 

Introduction ........................................................................................................................ 1 

1.1 Overview of Navigational System .......................................................................... 1 

1.2 Global Position System (GPS) ................................................................................ 2 

1.3 Other GNSS Systems .............................................................................................. 5 

1.4 IRNSS (Indian regional navigation satellite system) .............................................. 6 

1.5 Summary of all GNSS and IRNSS ......................................................................... 8 

1.6 Outline of the Thesis ............................................................................................... 8 

CHAPTER-2 .................................................................................................................... 10 

Literature Review and Objective of Work ....................................................................... 10 

2.1 Literature reviews of different papers ................................................................... 10 

2.2 Review sheet for each paper ................................................................................. 13 

2.3 Definition of the Problem ..................................................................................... 15 

2.4 Objectives of work ................................................................................................ 16 

CHAPTER-3 .................................................................................................................... 17 

Single Band Antenna for Navigational Application ........................................................ 17 

3.1 Basic Design equation for Microstrip Antenna .................................................... 17 

3.2 Low L Band Antenna ............................................................................................ 18 

3.3 High L Band Antenna ........................................................................................... 21 

3.4 S Band Antenna .................................................................................................... 23 

3.5 Result summary and Conclusion .......................................................................... 25 

CHAPTER-4 .................................................................................................................... 27 

Multiband Antenna for Navigational Application ........................................................... 27 



 

 

xvi 

 

4.1 Antenna Design and Analysis ............................................................................... 28 

4.2 Results and Discussion ......................................................................................... 30 

4.2.1 Return Loss (S11[dB]) ..................................................................................... 30 

4.2.2 Radiation Pattern and Gain of Antenna .......................................................... 31 

4.3 Result’s Summary and Conclusion ....................................................................... 34 

4.4 Parametric Study of Parasitic Array of Slot loaded Patch .................................... 34 

4.4.1 Two Patch Parasitic Array Design .................................................................. 36 

4.4.2 Four Patch Parasitic Array Design .................................................................. 37 

4.4.3 Six Patch Parasitic Array Design .................................................................... 38 

4.4.4 Eight Patch Parasitic Array Design ................................................................ 40 

4.4.5 Result Summary and Conclusion .................................................................... 41 

CHAPTER-5 .................................................................................................................... 43 

Wideband Antenna for Navigational Application ........................................................... 43 

5.1 Conventional Log Periodic Antenna..................................................................... 44 

5.2 Slot loaded Log Periodic Microstrip Antenna ...................................................... 46 

5.2.1 Results and discussion of Slot loaded Log Periodic Microstrip Antenna ....... 48 

5.2.2 Result Summary and Conclusion .................................................................... 55 

5.3 Outer Ring and Slot Loaded Miniaturized Log Periodic Microstrip Antenna ..... 56 

5.3.1 Results and discussion of Outer Ring and Slot loaded Log Periodic    Microstrip 

Antenna .................................................................................................................... 59 

5.3.2 Result Summary and Conclusion .................................................................... 70 

5.4 Dual Shorted Outer Ring and Slot Loaded Miniaturized Log Periodic Microstrip 

Antenna ....................................................................................................................... 72 

5.4.1 Results and discussion of Outer Ring and Slot loaded Log Periodic Microstrip 

Antenna .................................................................................................................... 74 

5.4.2 Result Summary and Conclusion .................................................................... 79 

CHAPTER-6 .................................................................................................................... 82 

Conclusion, Major Contribution, and Future Scope ........................................................ 82 



xvii 

 

Conclusion: ................................................................................................................. 82 

Major Contributions .................................................................................................... 83 

Future Scope ............................................................................................................... 84 

References ........................................................................................................................ 85 

List of Publication ............................................................................................................ 89 

 



 

 

xviii 

 

List of Abbreviation 

Sr. No. Abbreviations Full Form 

1 GNSS Global Navigation Satellite System  

2 IRNSS  Indian Regional Navigation Satellite System 

3 GPS Global Positioning System 

4 GLONASS Global Navigation Satellite System  

5 USA  United State of America  

6 ESA European Space Agency 

7 MEO Medium Earth Orbit 

8 PRN Pseudorandom Noise 

9 MS Monitoring Stations 

10 MCS Master Control Stations 

11 GCC Galileo Control Centers 

12 GSS Galileo Sensor Stations 

13 ISRO Indian Space Research Organization 

14 GSO Geosynchronous Orbit 

15 GEO Geosynchronous Equatorial Orbit 

16 RS Restricted service 

17 SPS standard Position Service 

18 RHCP Right Hand Circular Polarization  

19 LHCP Left Hand Circular Polarization 

20 VSWR Voltage Standing Wave Ratio 

21 BW Bandwidth  

 

 



xix 

 

List of Symbols 

Sr. No. Symbol Description 

1 mm millimeter 

2 φ Conductivity 

3 r Radius 

4 ε Permittivity  

5 h Height of antenna 

6 dB Decibel 

7 Hz Hertz  

8 μo Permeability of free space  

9 εo Permittivity of free space 

10 Ω Ohm 

 

 



 

 

xx 

 

List of Figures 

Figure 1.1 GPS architecture ................................................................................................... 2 

Figure 1.2.Block diagram of GPS receiver ............................................................................ 4 

Figure 1.3 Architecture of IRNSS ......................................................................................... 7 

Figure 3.1 Geometry of Low L band antenna ...................................................................... 19 

Figure 3.2 Return loss of Low L band Antenna .................................................................. 20 

Figure 3.3 Gain and Radiation pattern of Low L band Antenna ......................................... 21 

Figure 3.4 Geometry of High L frequency band antenna .................................................... 22 

Figure 3.5 Return loss of High L frequency band Antenna ................................................. 22 

Figure 3.6 Gain and Radiation pattern of High L band Antenna ......................................... 23 

Figure 3.7  Geometry of S frequency band antenna ............................................................ 24 

Figure 3.8 Return loss of S frequency band Antenna .......................................................... 24 

Figure 3.9 Gain and Radiation pattern of S band Antenna .................................................. 25 

Figure 4.1 Geometries proposed of the Multiband slot loaded Microstrip Patch Antenna . 29 

Figure 4.2 Return loss of the proposed antenna ................................................................... 30 

Figure 4.3 Radiation Pattern and Gain at 0.99 GHz ............................................................ 31 

Figure 4.4 Radiation Pattern and Gain at 1.16 GHz ............................................................ 32 

Figure 4.5 Radiation Pattern and Gain at 1.54 GHz ............................................................ 33 

Figure 4.6 Radiation Pattern and Gain at 1.98GHz ............................................................. 33 

Figure 4.7 Two patch parasitic array antenna design .......................................................... 36 

Figure 4.8 Return loss of two patch parasitic array antenna design .................................... 36 

Figure 4.9 Radiation pattern and gain of two patch parasitic array antenna design ............ 37 

Figure 4.10 Four patch parasitic array antenna design ........................................................ 37 

Figure 4.11 Return loss of four patch parasitic array antenna design .................................. 38 

Figure 4.12 Radiation pattern and gain of four patch parasitic array antenna design ......... 38 

Figure 4.13 Six patch parasitic array antenna design .......................................................... 39 

Figure 4.14 Return loss of six patch parasitic array antenna design .................................... 39 

Figure 4.15 Radiation pattern and gain of six patch parasitic array antenna design ........... 40 

Figure 4.16 Eight patch parasitic array antenna design ....................................................... 40 

Figure 4.17 Return loss of eight patch parasitic array antenna design ................................ 41 

Figure 4.18 Radiation pattern and gain of eight patch parasitic array antenna design ........ 41 

Figure 5.1 Planar log-periodic antenna consisting of circular teeth .................................... 45 

Figure 5.2 Conventional Log Periodic Microstrip antenna without slot ............................. 48 



xxi 

 

Figure 5.3 Modified Log Periodic Microstrip antenna with slot ......................................... 48 

Figure 5.4 Simulated return loss of antenna without slot and with slot ............................... 49 

Figure 5.5 Fabricated Log Periodic Microstrip antenna with a slot structure ..................... 50 

Figure 5.6 Practical Setup for measurement of Log Periodic Microstrip antenna without slot

 .................................................................................................................................... 50 

Figure 5.7 S11 of the antenna with the slot for simulated and measured results .................. 50 

Figure 5.8 Simulated Radiation Pattern of the antenna without slot at 2.4GHz (Center 

Frequency) .................................................................................................................. 51 

Figure 5.9 Simulated Radiation Pattern of the antenna with a slot at 2.4GHz (Center 

Frequency) .................................................................................................................. 52 

Figure.5.10 Comparison of normalized cross polarization power without slot and with slot

 .................................................................................................................................... 52 

Figure 5.11 Simulated Radiation Pattern of the antenna without slot at 1.16GHz (Low L 

Band) .......................................................................................................................... 53 

Figure 5.12 Simulated Radiation Pattern of the antenna with a slot at 1.16GHz (Low L Band)

 .................................................................................................................................... 53 

Figure 5.13 Simulated Radiation Pattern of the antenna without slot at 1.58GHz (High L 

Band) .......................................................................................................................... 54 

Figure 5.14 Simulated Radiation Pattern of the antenna with a slot at 1.58GHz (High L Band)

 .................................................................................................................................... 54 

Figure 5.15 Simulated Radiation Pattern of the antenna without slot at 2.48GHz (S Band)

 .................................................................................................................................... 55 

Figure 5.16 Simulated Radiation Pattern of the antenna with a slot at 2.48GHz (S Band) . 55 

Figure 5.17. Novel Antenna Design having Slot and ring Structure ................................... 58 

Figure 5.18 Simulated return loss of antenna without slot and ring and with slot and ring 60 

Figure 5.19 Simulated Radiation Pattern of the antenna without Slot and Ring at 2.4 GHz 

(Center Frequency) ..................................................................................................... 61 

Figure 5.20 Simulated Radiation Pattern of the antenna with Ring at 2.4 GHz (Center 

Frequency) .................................................................................................................. 61 

Figure 5.21 Simulated Radiation Pattern of the antenna with Slot and Ring at 2.4 GHz 

(Center Frequency) ..................................................................................................... 61 

Figure 5.22 Simulated Radiation Pattern of the antenna without Ring and Slot at 2.4GHz 

(Center frequency) ...................................................................................................... 62 



 

 

xxii 

 

Figure 5.23 Simulated Radiation Pattern of the antenna with Ring without Slot at 2.4GHz 

(Center frequency) ...................................................................................................... 62 

Figure 5.24 Simulated Radiation Pattern of the antenna with Ring and Slot at 2.4GHz (Center 

frequency) ................................................................................................................... 63 

Figure 5.25 Simulated Radiation Pattern of the antenna without Ring and Slot at 1.16GHz 

(Low L Band) ............................................................................................................. 63 

Figure 5.26 Simulated Radiation Pattern of the antenna with Ring without Slot at 1.16GHz 

(Low L Band) ............................................................................................................. 64 

Figure 5.27 Simulated Radiation Pattern of the antenna with Ring and Slot at 1.16GHz (Low 

L Band) ....................................................................................................................... 64 

Figure 5.28 Simulated Radiation Pattern of the antenna without Slot and Ring at 1.6GHz 

(High L Band) ............................................................................................................ 65 

Figure 5.29 Simulated Radiation Pattern of the antenna with Ring without Slot at 1.6GHz 

(High L Band) ............................................................................................................ 65 

Figure 5.30 Simulated Radiation Pattern of the antenna with Ring and Slot at 1.6GHz (High 

L Band) ....................................................................................................................... 65 

Figure 5.31 Simulated Radiation Pattern of the antenna without Slot and Ring at 2.5GHz (S 

Band) .......................................................................................................................... 66 

Figure 5.32 Simulated Radiation Pattern of the antenna with Ring without Slot at 2.5GHz (S 

Band) .......................................................................................................................... 66 

Figure 5.33 Simulated Radiation Pattern of the antenna with Ring and Slot at 2.5GHz (S 

Band) .......................................................................................................................... 67 

Figure 5.34  Fabricated antenna with slot and outer ring .................................................... 68 

Figure 5.35 Return loss measurement setup for the fabricated antenna on VNA ............... 68 

Figure 5.36 Return loss comparison of the antenna with slot and ring for the simulated and 

measured ..................................................................................................................... 68 

Figure 5.37 Antiquate chamber at CHARUSAT University ............................................... 69 

Figure 5.38 Practical Radiation pattern Setup for Antenna testing at CHARUSAT University

 .................................................................................................................................... 69 

Figure 5.39 Radiation pattern comparison of the antenna with slot and ring for the simulated 

and measured power ................................................................................................... 70 

Figure 5.40  Novel Antenna Design having Dual shorted outer ring and Slot Structure .... 73 

Figure 5.41 Simulated return loss of antenna without slot and with slot and ring and with 

dual ring and  slot ....................................................................................................... 74 



xxiii 

 

Figure 5.42 Simulated Radiation Pattern of the antenna with Ring and Slot at 1.16GHz (Low 

L Band) ....................................................................................................................... 75 

Figure 5.43 Simulated Radiation Pattern of the antenna with dual shorted Ring and Slot at 

1.16GHz (Low L Band) .............................................................................................. 76  

Figure 5.44 Simulated Radiation Pattern of the antenna with Ring and Slot at 1.6GHz (High 

L Band) ....................................................................................................................... 76 

Figure 5.45 Simulated Radiation Pattern of the antenna with dual shorted Ring and Slot at 

1.6GHz (High L Band) ............................................................................................... 77 

Figure 5.46 Simulated Radiation Pattern of the antenna with Ring and Slot at 2.5GHz (S 

Band) .......................................................................................................................... 77 

Figure 5.47 Simulated Radiation Pattern of the antenna with dual shorted Ring and Slot at 

2.5GHz (S Band) ........................................................................................................ 78 

Figure 5.48 Simulated Radiation Pattern of the antenna with Ring and Slot at 2.4GHz (Center 

frequency) ................................................................................................................... 78 

Figure 5.49 Simulated Radiation Pattern of the antenna with dual shorted Ring and Slot at 

2.4GHz (Center frequency) ........................................................................................ 79 

 

 



 

 

xxiv 

 

List of Tables 

Table 1.1 Specification of GPS civilian signals .................................................................... 4 

Table 1.2 Frequency planning of IRNSS ............................................................................... 8 

Table 1.3 Summary of all GNSS and IRNSS ........................................................................ 8 

Table 2.1 Comparative study of the wideband antenna along with size .............................. 13 

Table 2.2 Review summary of all research paper ................................................................ 13 

Table 3.1 Antenna parameter for Low L frequency band .................................................... 19 

Table 3.2 Antenna parameter for High L frequency band ................................................... 21 

Table 3.3 Antenna parameter for S frequency band ............................................................ 23 

Table: 3.4 Comparison Low L, High L, and S Band Patch Antenna ................................... 26 

Table 4.1 Dimensions of the proposed antenna ................................................................... 29 

Table 4.2 Parametric comparison with the existing design and proposed design ............... 34 

Table 4.3 Antenna Patch substrate and feeding network dimensions .................................. 35 

Table 4.4 Comparison for different number of patches ....................................................... 42 

Table 5.1: Design parameters of the proposed antenna without slot and with slot ............. 47 

Table 5.2 Simulated Result Comparison between conventional and modified Design ....... 56 

Table 5.3 Design parameters of the proposed antenna without slot and ring and with slot and 

ring .............................................................................................................................. 57 

Table 5.4 Gain of conventional, with ring and with ring and slot loaded antenna .............. 70 

Table 5.5 Co and Cross polarization Comparison of conventional, with ring and with ring 

and slot loaded antenna .............................................................................................. 71 

Table 5.6 Design parameters of the proposed antenna with ring and slot and with dual ring 

and slot ....................................................................................................................... 72 

Table 5.7 Gain comparison  of the conventional antenna, the antenna with a ring, an antenna 

with ring and slot and dual shorted ring and slot for different navigational bands .... 80 

Table 5.8 Comparison with different exciting and proposed antennas................................ 80 

 

 



Introduction  
 

1 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER-1  

Introduction 

1.1 Overview of Navigational System 

The Global Navigation Satellite System (GNSS) is very important for scientists, 

researchers, engineers, and common civilians as it has a wide range of wireless 

communication applications, which includes vehicle navigation, personal navigation, 

security science, aviation and many more. Continuous service and global availability 

makes Global Navigation Satellite System (GNSS) very popular among a large number 

of users. 

Global Navigation Satellite System (GNSS) is a generic name given to a group of several 

satellite constellations such as the Galileo, Compass, Global Positioning System (GPS) 

and Global Navigation Satellite System (GLONASS). The navigational satellites 

continuously broadcast their timing data and their position on RF under all weather 

conditions. GNSS receiver finds the position of coordinates by receiving RF signals 

transmitted by satellite. 

GPS is the first navigational system developed by U.S.A for security purposes. 

Afterward, it discovered many essential applications and today it has become one of the 

most necessary navigational technology. After GPS, another GNSS system was 

developed by Russia which named as GLONASS. In terms of accuracy, GPS is good 

compared to GLONASS. As different countries developed their own navigational 

systems, a few more navigational systems were introduced. One of the system is Galileo 

which is developed by the European Space Agency (ESA) and another is Compass 

developed by China. India has developed its own navigational system named as IRNSS 
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(Indian regional navigation satellite system), which is an independent regional satellite 

navigational system [20-24]. 

1.2 Global Position System (GPS) 

GPS is one of the oldest and first navigational system developed by the department of 

defense of U.S.A which was fully operational in the year 1995. GPS architecture is 

shown in figure 1.1 and its working operation is given below. GPS mainly consists of 

three segments which are listed below [20-21]. 

1. Space Segment 

2. Ground Segment 

3. User Segment  

 

Figure 1.1 GPS architecture 

The space segment comprises medium earth orbit (MEO) satellite constellation. 

Controlling and monitoring are done by the ground segment. The department of defense 
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of U.S.A has total responsibility for the operation and maintenance of the ground 

segment and space segment. The main segment is the user segment which is nothing but 

GPS receiver of the single frequency or dual frequency. GPS receiver is operated in L 

band of frequency. 

1.2.1 Space Segment  

The space segment mainly consists of 24 satellites are arranged in such a way that, in 

six Earth-centered imaginary MEOs, labeled as A, B, C, D, E and F. Each orbit consists 

a group of four satellites at the height of 20,200km from the ground station of the earth. 

The satellites are arranged in such a way that any users from anywhere in the world will 

always have at least four satellites within visibility. As signal transmission is a concern, 

each satellite transmits two PRN signal one is on L1 frequency (1575.42 MHz) and 

another one is L2 (1227.60 MHz) [20-21]. 

1.2.2 Ground segment  

Ground station consists of a ground antenna, monitoring stations (MS) and master 

control stations (MCS). The main function of the ground segment is to maintain satellite 

health, monitoring satellite orbits and GPS timeline, clock parameters, update the 

satellite navigation messages and predict satellite ephemeris. Monitoring stations are 

located all over the world at sixteen places for GPS satellite signals. The operation of 

the ground segment is remotely handled from the MCS. The main task of ground 

antennas is to receive telemetry data from the satellite and navigational messages. In 

addition, the ground segment continuously maintains the health of the satellite [20-21]. 

1.2.3 User segment  

The user segment is nothing but its receiving part of the GPS receiver. The block 

diagram of the GPS receiver is shown in figure 1.2 which consist of eight elements as 

shown in figure 1.2[20-21]. In this thesis, the focus is on receiving antenna of the 

navigational receiver the selection criteria of an antenna is based on antenna parameters 

like gain, radiation pattern, size, profile, co polarization and cross polarization. 
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Figure 1.2.Block diagram of GPS receiver [20] 

 1.2.4 Signal structure and errors in signal  

GPS satellites transmit signal on two L band frequency L1 (1575.42 MHz) and L2 

(1227.60MHz) and each of the signal having three main components named as a carrier, 

navigational message, and PRN code. Table 1.1 gives detail idea of the signal 

requirement for GPS, as shown in table signal are named as L1C/A, L1C, L2C, and L5 

are the civilian signals [20-21] 

Table: 1.1 Specification of GPS civilian signals 

Signal Frequency(MHz)  Bandwidth (MHz) Received Nominal 

Power (dBW) 

L1C/A 1575.42 20.46 -158.5 

L1C 1575.42 24.00 -157.0 

L2C 1227.60 20.46 -157.3 

L5 1176.45 24.00 -157.9 

Every communication is affected by so many errors and the same happens with GPS. 

All GPS errors are divided into three basic categories which are listed below. All the 
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above listed errors again classified in a few other categories, among those few errors can 

be reduced while few can totally remove.  

1. Satellite-based error 

2. Propagation medium-based or atmospheric error 

3. Receiver based errors 

1.3 Other GNSS Systems 

GPS gives revolution in the field of long-distance wireless communication. An 

uncountable success of GPS for defense, as well as civilian purpose, motivated other 

countries to have their own GNSS system. As a part of this, other countries in the world 

working on it and got success to develop their own GNSS system such as Galileo, 

Compass and GLONASS came out as other GNSS systems. With limited coverage area 

which includes Indian subcontinent and its surroundings, India has also developed its 

own navigational system named “Indian Regional Navigational Satellite System 

(IRNSS) [20-24]. 

1.3.1 GLONASS 

A second operating GNSS system is the GLONASS which is operated and maintained 

by Russia’s Ministry of Defense. In the year 1988, in the meeting of the International 

Civil Aviation Organization. The use of GLONASS signal for any country free of cost 

was announced by the Russian government. As discussed earlier in GPS, GLONASS is 

also a satellite based navigational system and consist of 24 satellites in three orbital 

planes at an altitude of 19,100 Km from the ground station of the earth. So far 

transmission frequency is concerned each satellite transmits two frequencies in L band. 

The first one is L1 having a frequency range of 1602.56 to 1615.50 MHz, while another 

L2 signal is from 1246.43 to 1256.50 MHz [20-24]. 

1.3.2 Galileo 

European Commission and European Space Agency (ESA) developed its own 

navigational system named Galileo. Galileo is also a satellite based Global navigational 

system under civil control. As GPS and GLONASS consist of 24 satellites, Galileo 

consists of 30 satellites at an altitude of 23,222 Km from the ground station of the earth's 

surface. So far frequency is a concern, the system transmits 3 signals: E1 (1575.42MHz),
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E5 (1191.795 MHz) consisting of E5a (1176.45 MHz) and E5b (1207.14 MHz), and E6 

(1278.75 MHz). The Galileo consist of five S-band uplink stations, ten C-band uplink 

stations, Galileo control centers (GCC) and Galileo sensor stations (GSS). The main 

aspect of the Galileo system is to use in all modes of conveyance for navigation, traffic 

control, tracking, and surveillance [20-24]. 

1.3.3 Compass   

China has developed a satellite based navigational system, which is divided into two 

phases named Beidou-1 and Beidou-2. Among these, Beidou-2 is usually called as 

Compass. While the previous navigational system GPS, GLONASS, Galileo, Compass 

are forth GNSS which consist of a total of 35 satellites which includes three highly 

inclined geosynchronous, five geostationary and 27 medium earth orbits in three orbital 

planes at an altitude about 21,528 Km. So far frequency is a concern, B1C/B1I/B1A 

(1575.42 MHz), B2a/B2b (1191.795 MHz), B3I/B3Q/B3A (1268.52 MHz), and Bs test 

frequency (2492.028 MHz) for Compass navigational system [20-24]. 

1.4 IRNSS (Indian regional navigation satellite system) 

As the world is progressing fast in the field of satellite based navigation system, India 

has developed own navigational system for civilian and defense application. To achieve 

this goal, the ISRO (Indian Space Research Organization) developed the idea of 

independent regional satellite navigation. The main idea behind this is to provide service 

to the selected region. So far accuracy is a concern, IRNSS is expected potential 

accuracy as good as GPS, and it provides 20m over the Indian Ocean and 10m over 

Indian landmass. As the frequency is a concern, IRNSS used an expanded spectrum and 

used L band as well as S band [20,24]. 

1.4.1 Basic Architecture of IRNSS  

As GNSS system has three segments namely: the Space segment, Ground segment, and 

User segment, IRNSS also has same three segments namely: the Space segment, Ground 

segment and User segment as shown in figure 1.3, the basic working and function of 

each segment is explained below [20,24]. 
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Space Segment 

A detailed study carried out to decide how many numbers of satellites in a constellation 

to have continuous visibility of a minimum of four satellites from anywhere in India. 

The suggestions came that space segment at least seven satellites among those seven 

satellites four satellites are in two geosynchronous (GSO) planes and three satellites are 

in geosynchronous equatorial orbits (GEO) [20,24].  

Ground segment  

The ground segment is concerned to take care of the working operation and maintenance 

of the IRNSS. It consists of nine IRNSS TTC and unlinking stations [20,24]. 

User Segment 

Different services are planned with a dual frequency of L band and S band and also with 

a single frequency of L band to receive the IRNSS signal. Antenna design is a concern 

for IRNSS receiver, a multiband antenna or wideband antenna should require to receive 

the signal. IRNSS provides mainly two kinds of services. One is restricted service (RS) 

and the other is standard position service (SPS). The frequency planning of IRNSS is 

shown in Table 1.2 [20, 24]. 

 

   

Figure 1.3 Architecture of IRNSS [20] 
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Table 1.2 Frequency planning of IRNSS 

Sr.No Signal Bandwidth 

(MHz) 

Carrier Frequency (MHz) 

1 SPS-S 16.45 2492.028 

2 RS-S 16.5 2492.028 

3 SPS-L5 24 1176.45 

4 RS-L5 24 1176.45 

 

   1.5 Summary of all GNSS and IRNSS   

Table 1.3 Summary of all GNSS and IRNSS   

Sr.No System Distance (Km) Frequency (MHz) 

 

1 

 

GPS 

 

20,200 

L1=1575.42 

L2=1227.60 

 

2 

 

GLONASS 

 

19,100 

L1=1602.56-1615.5 

L2=1246.44-1256.5 

 

3 

 

Galileo 

 

23,222 

E1=1587-1591 

E2=1559-1563 

E5=1164-1214 

E6=1260-1300 

4 Compass  

21,528/35,786 

B1=1561.088 

B2=1207.14 

B3=1268.52 

5 IRNSS 36,000 
L5=1176.45 

S=2492.028 

  

1.6 Outline of the Thesis 

The remaining thesis is organized in the following chapters:  

Chapter 2 Provides whole background information related to the research topic. It 

covers the state of art for our topic and an extensive literature survey of the method used 

to date. It also covers the shortcomings of those methods and interpretations of those 
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methods. From this literature survey, inferred conclusion and later identified problem 

statement and objective of the work is defined. 

Chapter 3 For a GNSS and IRNSS antenna should operate in three major frequency 

bands which are S-band (2.482–2.502 GHz), extend the spectra of GNSS band from 

high L-band (1.554–1.612 GHz) and low L-band (1.166–1.289 GHz). So, the design of 

an antenna for the GNSS & IRNSSS application should cover the desired GNSS 

frequency bands. So at the initial phase of research design, a single band high gain 

microstrip antenna and discuss the different antenna parameters.  

Chapter 4 GNSS and IRNSS operate at different frequency bands. To achieve different 

frequency band a modified design multiband antenna design and their results are 

discussed in this chapter. Furthermore, what’s the modification of the proposed also 

discussed in this chapter and at the end of this chapter a broad comparison between 

existing design and proposed design and how this proposed design is good compared to 

existing antenna design? 

Chapter 5 A different wideband log periodic microstrip antennas are designed and their 

results are discussed in this chapter. Furthermore, how different antenna designs like 

slot, ring and slot and the dual shorted ring will improve the antenna performance. 

Finally, it provided the best antenna design among the all design antenna based on 

results comparison.  It also covers discussion related to the proposed methodology and 

how to overcome some of the shortcomings of the method discussed in chapter 2. 

Chapter 6 Covers the conclusion of work, the future scope of the work and major 

contribution of the thesis followed by journal publication and references.  
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CHAPTER-2  

Literature Review and Objective of Work  

2.1 Literature reviews of different papers 

Review of Paper 1 

Paper: Triple-Band Antenna With Shorted Annular Ring for High-

Precision GNSS and IRNSS Applications 

Author: Lixun Li, Yangbo Huang, Li Zhou, and Feixue Wang 

Publication Year 2016 

Publication IEEE Antennas And Wireless Propagation Letters 

 

Review: 

In this paper, the author proposed triple band (low L Band, High L Band, and S band ) 

microstrip antenna having two shorted annular ring techniques [1], the main advantages 

of this design is that it provides more gain compared to previous techniques which are 

only 2.5dB. The author gives a broad comparison between wideband and multiband 

approach and gives broad references for shorted annular ring techniques. The author 

also gives the difference between the multiband stacked patch and shorted annular 

technology and explain how shorted annular technology is good for high precision 

GNSS application [30]. After comparing all results with paper references, the author 

proposed a triple-band stacked patch antenna. The author also proposed a different 

method of feeding. 
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Review of Paper 2 

Paper: Dual-band Dual-polarized Stub-loaded Patch Antenna for Robust 

GNSS Receivers” 

Author: Maysam Ibraheam, Safwat Irteza, Ralf Stephan, and Matthias A. 

Hein 

Publication Year 2016 

Publication 10th European Conference on Antennas and Propagation 

(EuCAP),   

Review: 

In this paper, the author approaches the idea of a stub-loaded patch antenna which gives 

two frequency band one is L1 and the other is L5. Stub loaded patch is one of the 

emerging techniques for the multiband antenna. In this paper, stub loaded patch antenna 

for low L band and high L Band is successfully implemented and the author’s basic idea 

for sub loaded patch techniques, the square patch is used with four stubs at the center 

and two coaxial feed from the ground. These two feeds help in dual polarization [2]. 

From the simulated and measured data, it is shown that the antenna resonating at the 

two frequency bands which desire for GNSS application with S11 (dB) -11.6 dB at the 

L5 (1176.45MHz) and -15.5 dB at the L1-band (1575.42MHz).2.5 dB to 4 dB gain will 

be achievable in the absence of the coupling. [2]. 

Review of Paper 3 

Paper: Single Feed Stacked Patch Circular Polarized Antenna for 

Triple Band GPS Receivers 

Author: Oluyemi P. Falade, Masood Ur Rehman, Yue (Frank) Gao, 

Xiaodong Chen, Clive G. Parini 

Publication Year 2012 

Publication IEEE Transactions On Antennas And Propagation),   
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Review 

A novel design for GPS receiver having circularly polarized in nature for multiband 

application is proposed. The main idea in the design is multi-stacked patches fed through 

a single coaxial probe. The author proposed different stacked together with symmetry I 

slot and slit to achieve triple operating frequency bands for GPS including L1 (1.575 

GHz), L2 (1.227 GHz) and L5 (1.176 GHz). The author also measured the same results 

compared to the simulated and measured results.[5] 

Review of Paper 4 

Paper: Low-Profile Dual-band Circularly Polarized Microstrip Antenna 

for GNSS Applications 

Author: Faycel Fezai, Amro A. Nour, Johann Sence, Thierry Monediere, 

François Torres, Regis Chantalat, Stéphane Bila, Bernard Jarry 

Publication Year 2015 

Publication 9th European Conference on Antennas and Propagation (EuCAP) 

Review: 

In this paper, the author approaches the two microstrip GPS antenna in rectangular and 

circular forms with edge slots to enable the SMT coupler which is used to provide RHCP 

through the first input, which is connected to the RF generator and the second input, 

which is also connected to a 50 Ω characteristic resistance. The author’s data proves that 

directivity is higher than 7.4 dB for all frequency bands. The total system efficiencies 

are higher than 61% for the L2 and the E6 bands while reaching 90% for the L1 band. 

The designed antenna exhibits excellent frequency response with resonance at 1.24 GHz 

and 1.575 GHz. The simulated reflection levels were always lower than -20 dB.[3] 

Review of Paper 5 

Paper: Single-Feed Ultra-Wideband Circularly Polarized Antenna 

Author: Long Zhang, Steven Gao, Qi Luo, Paul R. Young, Qingxia Li, 

You-Lin Geng, Raed A. Abd-Alhameed 

Publication Year 2016 

Publication IEEE Transactions On Antennas And Propagation 
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Review 

In this paper, the author proposed a single-feed wide bandwidth dual-polarized antenna 

which consists of two orthogonally placed elliptical dipoles. The main thing about this 

dipole is that they are printed on both sides of the substrate. The author proposed a novel 

cavity method for feeding. So far results are a concern, the proposed antenna having a 

wideband frequency range of 0.9 to 2.87GHz having % of the bandwidth of 103.5%. For 

the proposed antenna author used Roger RO4003 having a thickness of 0.817mm with 

relative permittivity of 3.55 and loss tangent 0.0027. The author proposed antenna having 

compact size compare to different reported antenna [28-29] along with wide bandwidth 

which is also seen in table 2.1. The proposed antenna has a dual polarized with the 

bandwidth of 96.6% and an average of 30dB Front to Back Ratio. This result within the 

operating frequency range makes the antenna very promising for GNSS application.   

Table 2.1 Comparative study of the wideband antenna along with size 

Ref No Antenna 

Size(mm) 

Minimum 

Frequency(GHz) 

Impedance 

bandwidth 

28 120×120 2.01 30.7% 

29 120×120 1.97 38.2% 

4 115×115 0.96 103.5% 

 

2.2 Review sheet for each paper 

Table 2.2 Review summary of all research paper 

Sr.No Paper Title Review: 

comment 

(include work was done) 

1 
Triple-Band 

Antenna With 

Shorted Annular 

Ring for High-

Precision GNSS 

Applications 

1. The antenna provides RHCP gain more than  

5 dB, and good radiation patterns. 

2. Antenna able to maintain the efficiency of 90% 

and all desired band [1] 
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2 Dual-band Dual-

polarized Stub-

loaded Patch 

Antenna for Robust 

GNSS Receivers” 

1. The results prove that the antenna radiate at the 

two desired frequency bands with an S11 of -15.5 

dB at the L1-band (1575.42MHz) and of -11.6 dB 

at the L5 (1176.45MHz) -band 

2. A 2.5 to 4 dB maximum gain while the 

coupling is not present  

3 
Single Feed Stacked 

Patch Circular 

Polarized Antenna 

for Triple Band GPS 

Receivers 

1. The high gain, low cross polarization, and 

broad beamwidth antenna makes it suitable for 

the navigational applications 

2. It can be used for three different frequency 

bands (L1, L2, L5 Bands). 

4 
Low-Profile Dual-

band Circularly 

Polarized Microstrip 

Antenna for GNSS 

Applications 

1. Directivity is higher than 7.4 dB for all 

frequency bands. 

2. The total system efficiencies are higher than 

61% for the L2 and the E6 bands while reaching 

90% for the L1 band. 

3. The designed antenna exhibits excellent 

frequency response with resonance at 1.24 GHz 

and 1.575 GHz. The simulated reflection levels 

were always lower than -20 dB. 

5 
Single-Feed Ultra-

Wideband 

Circularly Polarized 

Antenna 

1. The proposed antenna having a wideband 

frequency range of 0.9 to 2.87GHz having % of 

the bandwidth of 103.5%. For the proposed 

antenna author used Roger RO4003 having a 

thickness of 0.817mm with relative permittivity 

of 3.55 and loss tangent 0.0027. 

2. The proposed antenna has a dual polarized   

with the bandwidth of 96.6% and an average of 

30dB Front to back Ratio [4] 
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Summary: 

For a global navigational system, the antenna should operate in three major frequency 

bands which are S-band (2.482–2.502 GHz), extend the spectra of GNSS and IRNSS 

band from high L-band (1.554–1.612 GHz) and low L-band (1.166–1.289 GHz). So, the 

design of an antenna for GNSS and IRNSS application should cover the desired GNSS 

and IRNSS frequency bands. [1-4], [20-24].As discussed here, for GNSS and IRNSS 

application, the antenna should either be multiband which covers the desired GNSS and 

IRNSS frequency bands or wideband which can cover the entire frequency band. For 

the multiband antenna, it is difficult to get all desired GNSS and IRNSS bands from 

single antenna [2-3] and it is also difficult to design wide bandwidth antenna which 

covers the entire band but the planner log periodic is one of the best solutions to achieve 

wide bandwidth structure [18-19]. There are many multiband antenna which gives two 

frequency bands of GNSS and IRNSS either both L band or one L band and one S band 

[2-3], or some of them also operated in all GNSS and IRNSS bands [1]. But so far few 

antennas developed which can receive all frequency bands [1,4]. So one can design 

wideband antenna with the high value of gain and compact in size it should have a good 

amount of co and cross polarization can be a good antenna for all navigational 

applications. In the detailed literature review, few wideband antenna designs are found 

for navigational applications. After the detail literature review the research problem 

definition and objective of the work have identified which is stated below. 

2.3 Definition of the Problem 

The problem title is “Design of Wide Band Microstrip Antenna for Navigational 

Application”. The problem is to Design a wideband antenna for Navigational application 

in which a single antenna can cover all GNSS and IRNSS frequency bands and also 

maintain the compact size and high gain, which is still under the experimentation stage. 

This can be done by: 

1. Design a wideband antenna which covers all GNSS and IRNSS frequency band.
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2.4 Objectives of work 

 To design wideband antenna which covers the wideband of 1GHz-3GHz (S-band 

(2.482–2.502 GHz, high L-band (1.554–1.612 GHz) and low L-band (1.166–1.289 

GHz).for navigational application. 

 To design multiband antenna which covers the desired frequency band, S-band 

(2.482–2.502 GHz, high L-band (1.554–1.612 GHz) and low L-band (1.166–1.289 

GHz) which is considered as one of the approach to design antenna for navigational 

application. 

 To improve the gain of antenna for all GNSS and IRNSS frequency bands. 

 To improve the Co-polarization and Cross-polarization of the antenna. 
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CHAPTER-3  

Single Band Antenna for Navigational 

Application   

For a global navigational system, the antenna should operate in three major frequency 

bands which are S-band (2.482–2.502 GHz), extend the spectra of GNSS and IRNSS 

band from high L-band (1.554–1.612 GHz) and low L-band (1.166–1.289 GHz). So, the 

design of an antenna for GNSS and IRNSS application should cover the desired GNSS 

and IRNSS frequency bands. [1-4], [20-24]. This chapter discusses an initial phase of 

research, the primary aim of the research is to design conventional  microstrip antenna 

having high gain which can operate at a single frequency band. 

 

Different antenna design is discussed in this chapter where one for Low L band, second 

for high L and last for S band for satellite navigational system. All the low L, high L 

and S band antennas having sufficient amount of bandwidth and gain of all three 

antennas are higher than 7dB, which is considerable for wireless navigational 

applications and in all three antenna, VSWR is between 1 to 2 which also a good factor 

where one can say that antenna radiates maximum power and very less power is 

reflected back. The antenna provides a directional radiation pattern.  

 

3.1 Basic Design equation for Microstrip Antenna 

Microstrip antennas are also referred to as patch antennas. They are low profile, 

conformable to planar and non-planar surfaces, simple and inexpensive to manufacture 

using modern printed-circuit technology, mechanically robust when mounted on rigid 
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surfaces, compatible with MMIC designs and when the particular patch shape and mode 

are selected, they are very versatile in terms of resonant frequency, polarization, pattern, 

and impedance. [17]  

The Basic design equations of microstrip antenna are as given below, where one can 

calculate the width and length of the patch. As microstrip antenna having a fringing 

effect due to that length of an antenna is change by ∆𝐿 factor on both edge of the length 

so effective length is changed by 2∆𝐿 factor compare to actual length. [17]  

 W =
1

2fr√μoεo

√
2

εr + 1
=

vo

2fr

√
2

εr + 1
                                                3.1 

                                                                     

From equation 3.1, the width of the patch can be obtained but the length of the patch is 

not easy to calculate as fringing is started from the edge of the length. Further, the given 

equation will help to find the length of the patch. [17] 

 𝜀𝑟𝑒𝑓𝑓=

𝜖𝑟 + 1

2
+

𝜀𝑟 − 1

2
[1 + 12

ℎ

𝑊
]−

1
2                                                     3.2  

                                        

 ∆𝐿

ℎ
= 0.412

(𝜀𝑟𝑒𝑓𝑓 + 0.3) (
𝑊
ℎ

+ 0.264)

(𝜀𝑟𝑒𝑓𝑓 − 0.258)(
𝑊
ℎ

+ 0.8)
                                                 3.3 

                         

𝐿 =
1

2𝑓𝑟√𝜀𝑟𝑒𝑓𝑓√𝜇𝑜𝜀𝑜

− 2∆𝐿                                                                      3.4 

                                 

3.2 Low L Band Antenna 

The proposed design for the Low L frequency band antenna is given in figure 3.1. As 

shown in figure 3.1, it is a simple microstrip antenna where patch length and width is 

being calculated from basic patch equation 3.1 to 3.4. After getting patch length and 

width, optimization of the length and width is being done in FEM based software called 

Ansys’s HFSS. Antenna design parameters are as per table 3.1. The input impedance of 

the antenna is 50 Ω, and coaxial feeding is used. This antenna is designed for Low L 
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band frequency means it should have one center frequency between 1.166–1.289 GHz. 

In the result section, discussion on important antenna parameters like gain, return loss, 

VSWR and radiation pattern has been done. After having a detailed discussion, the 

performance of the antenna will be discussed. 

 

Table 3.1 Antenna parameter for Low L frequency band 

Sr.No Antenna Parameter Value 

1 Substrate’s Height  0.16 cm 

2 Dielectric Constant of Substrate 2.2 

3 Length of the Patch (L) 9.8 cm 

4 Width of the Patch (W) 8.3 cm 

 

 

Figure 3.1 Geometry of Low L band antenna 

Return Loss (S11) 

As return loss (S11) is a key antenna parameter, which gives the basic idea about the 

frequency at which antenna will radiate. The return loss of the proposed antenna is 

shown in figure 3.2. This proposed patch antenna is developed for low L band 

frequency. So, as seen in figure 3.2, antenna start frequency, which means -10dB down 

frequency is 1.1720 GHz and stop frequency is 1.1820 GHz, which comes under the 

Low L band frequency. So as per return loss results, this antenna has a good amount of 

bandwidth of 10 MHz.
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Figure 3.2 Return loss of Low L band Antenna  

Simulated Radiation Pattern and Gain  

The return loss of the antenna is discussed in the previous section besides return loss, 

the most important parameter is gain which always measured from radiation pattern. 

Gain is the antenna parameter which helps us to identify the signal strength and radiation 

pattern will give the direction of the signal. The gain and radiation pattern of the 

proposed patch antenna is shown in figure 3.3. As this antenna is designed for Low L 

frequency band, the gain and radiation pattern also measured on the same frequency 

band. For navigational application, the gain should be high and the same also achieved 

with this antenna as it gives more than 7dB gain and good directional radiation pattern 

as seen in figure 3.3.  
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Figure 3.3 Gain and Radiation pattern of Low L band Antenna 

3.3 High L Band Antenna 

The proposed design for the High L frequency band antenna is given in figure 3.4. As 

shown in the figure, it is a simple microstrip patch antenna where patch length and width 

again being calculated from basic patch equation 3.1 to 3.4. After getting patch length 

and width, optimizing the length and width and the same antenna is designed in HFSS 

software where all antenna design parameters are as per table 3.2. The input impedance 

of the antenna is 50 Ω, and coaxial feeding is used. The proposed antenna is designed 

for High L band frequency means having a frequency range between 1.554–1.612 GHz. 

As did in the last section discussion on important antenna parameters like gain, return 

loss, VSWR and radiation pattern has been done. After having a detailed discussion, the 

performance of the antenna will be discussed. 

 

Table 3.2 Antenna parameter for High L frequency band 

Sr.No Antenna Parameter Value 

1 Substrate’s Height  0.16 cm 

2 Dielectric Constant of Substrate 2.2 

3 Length of the Patch (L) 7.28 cm 

4 Width of the Patch (W) 6.2 cm 
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Figure 3.4 Geometry of High L frequency band antenna 

Return Loss (S11 ) 

As discussed in the last section the return loss is a key antenna parameter. The return 

loss of the proposed patch antenna is given in figure 3.5, as this proposed antenna is 

designed for high L frequency band so as seen in figure 3.5, antenna start frequency 

which means -10dB down frequency is 1.56 GHz to 1.58 GHz, which comes under the 

High L frequency band. So as per return loss results, this antenna has a good bandwidth 

of 20 MHz.  

 

Figure 3.5 Return loss of High L frequency band Antenna  

Simulated Radiation Pattern and Gain  

As discussed in the previous section, the importance of return loss and gain that gain is 

the antenna parameter which helps you to identify the signal strength and radiation 

pattern will give the direction of the signal. The gain and radiation pattern of the antenna 
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is given in figure 3.6. As this antenna is designed for a High L frequency band the gain 

and radiation pattern also measured on the same frequency band. For navigational 

application, the gain should be high and the same also achieved with this antenna as it 

gives the more than 7dB gain and good directional radiation pattern as seen in figure 

3.6.  

 

Figure 3.6 Gain and Radiation pattern of High L band Antenna 

3.4 S Band Antenna  

The proposed design for the S frequency band antenna is given in figure 3.7. As shown 

in the figure, it is a simple microstrip patch antenna, where patch length and width again 

being calculated from basic patch equations 3.1 to 3.4. After getting patch length and 

width, optimizing the length and width and the same antenna is designed in HFSS 

software where all antenna design parameters are as per table 3.3. The input impedance 

of the antenna is 50 Ω, and coaxial feeding is used. The proposed is designed for S 

frequency band having a frequency between 2.482–2.502 GHz. As did in the last section 

discussion on important antenna parameters like gain, return loss, VSWR and radiation 

pattern which gives antenna performance on the given frequency band. 

Table 3.3 Antenna parameter for S frequency band 

Sr.No Antenna Parameter Value 

1 Substrate’s Height  0.32 cm 

2 Dielectric Constant of Substrate 2.2 

3 Length of the Patch (L) 3.75 cm 

4 Width of the Patch (W) 3 cm 
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Figure 3.7 Geometry of S frequency band antenna 

Return Loss (S11) 

The return loss of antenna is shown in figure 3.8, as this antenna is designed for S 

frequency band so as seen in figure 3.8 antenna start frequency which means -10dB 

down frequency is 2.46GHz to 2.52GHz, which comes under the S frequency band. So 

as per return loss results, this antenna has a good amount of bandwidth of 60MHz, which 

is very large compared to a previous antenna discussed here.  

 

Figure 3.8 Return loss of S frequency band Antenna  

Simulated Radiation Pattern and Gain  

The gain and radiation pattern of the antenna is shown in figure 3.9. As this antenna is 

designed for S frequency band the gain and radiation pattern also measured on the same 

frequency band. For navigational application, the gain should be high and the same was 
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also achieved with this antenna as it gives the more than 7dB gain and good directional 

radiation pattern as seen in figure 3.9.  

 

 

Figure 3.9 Gain and Radiation pattern of S band Antenna 

 

3.5 Result summary and Conclusion   

In this thesis, all the focus is on navigational application. The antennas designed and 

discussed in this chapter are for three different frequencies Low L band, High L band 

and S band. Any design should be better in their performance than it can be used in 

practical application. The comparisons of all the antennas discussed in this chapter are 

given in table 3.4. It is seen that antennas are able to maintain a good amount of gain, 

VSWR and bandwidth for all said frequency band and provides directional radiation 

pattern which is good for said applications. Compared to previously reported single 

band antennas, proposed antennas are not novel but only changes are in the dimension 

of the patch as per the required frequency band. These antennas are able to provide a 

good amount of gain. As observed from table 3.4, S band antenna provides 60MHz wide 

bandwidth along with 7.24dB gain which is good for IRNSS application as IRNSS 

operates on the Low L band and S band. Besides IRNSS, this antenna can be used for 

GPS, GLONASS, Galileo and Compass navigational system which is nothing but a 

Global Navigation Satellite System. As a single band antenna can resonant at 

narrowband so the best way to get all the frequency band from one antenna is to design 

multiband or wideband antenna. 
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Table: 3.4 Comparison Low L, High L, and S Band Patch Antenna 

Antenna band  Antenna 

Demission  

Bandwidth Gain of 

Antenna  

Low L Band  

(1.166–1.289 

GHz) 

L=9.8cm 

W=8.3cm 

fr=1.176 GHz 

BW=10MHz 

7.48dB 

High L Band  

(1.554–1.612 

GHz) 

L=7.28cm 

W=6.2cm 

fr=1.57GHz 

BW=20MHz  

7.59dB 

S Band  

(2.482–

2.502GHz) 

L=3.75cm 

W=3cm 

fr=2.4875 GHz 

BW=60MHz 

7.24 dB 
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CHAPTER-4  

Multiband Antenna for Navigational Application 

In this chapter methodology for designing a multiband antenna for navigational 

applications is presented. Here multiband means the single antenna which can receive 

or transmit more than one frequency band. To achieve multiband, many methodologies 

have been proposed for different antenna designs and with different feeding methods 

[1-3], [5-6], [9]. Among these multiband antenna designs, few authors have discussed 

antenna with high gain and dual-band, while others have proposed antenna design for a 

triple band with a sufficient amount of gain.[1-3], [5-6], [9]. As the antenna parameters 

are important, in the same way, antenna design is also one of the important aspects like 

planner antenna can easily embedded with circuits.  

As discussed in a literature review, to achieve resonance at multiple frequencies various 

techniques are available such as shorted annular ring design [1], stub-loaded patch 

design [2], and slot loaded antenna [3]. All these antenna designs have their own 

advantages and disadvantages which are given in the research paper [1-3], [5-6], [9]. 

After doing an exhaustive literature review on the multiband antenna, different 

multiband antennas are proposed and compared. All these antennas can be used for 

navigational applications.   
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4.1 Antenna Design and Analysis  

Microstrip patch antenna design or any other antenna design requires mathematical 

calculation, where from different equations one can calculate the width and length of 

the patch which depends on the height of the substrate, the dielectric constant of 

substrate and resonant frequency. Design equation for all this already given in equation 

3.1 to 3.4. Using these equations, one can calculate the width and length of the patch 

and optimize the value. Optimized values for these parameters are given in table 4.1, 

along with width and length there are many other parameters which are important. The 

antenna design parameters are given in table 4.1. The design of the proposed four outer 

slots loaded patch antenna is shown in figure 4.1. As shown in figure patch antenna 

consists of a substrate having a dialectic constant of 2.2. Selection of dielectric constant 

is important because there are many substrates available which are having a dielectric 

constant between 2.2 to 10 but as far as the loss tangent is concern 2.2 have very low 

loss tangent but on other side, it is too costly. On the top of the substrate, a patch without 

slot is placed and on the top of the second substrate, the slot loaded patch is there. This 

arrangement of non-slotted and slotted patch gives four multiple frequency bands along 

with more than 5dB gain which is discussed in detail in the results part. As shown in 

figure 4.1 and table 4.1 three main dimensions are there where L1 and W1 are length 

and width of the non-slotted patch, L2 and W2 are length and width of the slotted patch 

and L3 and W3 are length and width of the substrate. The coaxial feeding technique 

used for the proposed antenna and the dimensions for feed length feed width is as per 

table 4.1. The proposed antenna is compared with the different reported navigational 

antenna but the main comparison is with stub loaded antenna design where the author 

gives outer stub loaded design and the proposed design has a slot structure.  
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Figure 4.1 Geometry of proposed Multiband slot loaded Microstrip Patch Antenna 

Table 4.1 Dimensions of the proposed antenna 

 

Sr.No Name Dimensions (cm) 

Patch1 Dimensions 

1 Length L1 9.8  

2 Width W1 8.3  

Patch 2 Dimensions 

3 Length L2 7.5 

4 Width W2 6.3  

Substrate Dimensions 

5 Height 0.32 

6 Length L3 15.8 

7 Width W3 13.5 

Feed network dimensions 

8 Feed Length 1.5 

9 Coaxial  inner radius  0.208 

10 Coaxial  outer radius 0.708 

11 Outer  feed length 4.17 
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4.2 Results and Discussion  

The proposed antenna is designed for navigational applications like GNSS and IRNSS. 

The first antenna parameter to examine is return loss, which indicates part to the signal 

not transmitted and got reflected back towards the source. On the desired bands this 

should be as low as possible. So on desired frequencies, there will be a valley in the 

graph of power versus frequency. After getting the results of return loss, other important 

antenna parameters to examine are the gain and radiation pattern of the proposed 

antenna at all received frequency.   

4.2.1 Return Loss (S11) 

As return loss is a key antenna parameter that gives the basic idea about on which 

frequency antenna will radiate. The return loss of the proposed antenna is given in figure 

4.2. It shows that the antenna is able to radiate on four frequency bands which are -14.31 

dB at the 0.99GHz, -15.53 dB at 1.16GHz,-14.60 at 1.54GHz and -14.60 at 1.98GHz. 

As per the spectra of navigational application. The frequency 1.16GHz falls under a low 

L frequency band and 1.54GHz comes under near to High L frequency band. So this 

antenna will able to radiate in this two frequency band but cannot radiate in S band 

which is used by IRNSS navigational system. Besides these two bands, the antenna also 

radiates at 0.99 GHz and 1.98 GHz which are utilized in Galileo SAR downlink, 

personal communication also in TV broadcast services. 

 

Figure 4.2 Return loss of the proposed antenna 
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4.2.2 Radiation Pattern and Gain of Antenna  

Once proper return loss characteristic is obtained, the next important antenna parameter 

is the gain of the antenna. It denotes the concentration of power in the given direction 

compared to the power radiated from an isotropic antenna with the same input power 

and having the same dimensions. As this antenna is designed for the navigational 

application, we will analyze the total gain of the antenna from the radiation pattern for 

different radiating navigational application frequencies. The proposed patch antenna 

covering these four frequencies with a S11(dB) of -14.31 dB at the 0.99GHz, -15.53 dB 

at 1.16GHz,-14.60 at 1.54GHz and -14.60 at 1.98GHz. 

 

4.2.2.1 Radiation Pattern at 0.99 GHz 

Figure 4.3 illustrates the radiation pattern of the proposed antenna at 0.99 GHz, as seen 

from the figure, it is observed that maximum gain at a given frequency is 6.7 dB which 

is considered as a good gain for wireless communication. Also in the frequency 

spectrum of GNSS 960-1151MHz is used for ARNS active navigation radio service [11-

15]. So the proposed antenna can be used for ARNS at lower L band. 

 

Figure 4.3 Radiation Pattern and Gain at 0.99 GHz 
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4.2.2.2 Radiation Pattern at 1.16 GHz  

The radiation pattern of a given antenna at the resonance frequency 1.16GHz is illustrated 

in figure 4.4. The value of maximum gain at a given frequency is 7.47 dB which is good 

for wireless communication. As 1.16 GHz frequency comes under low L band frequency, 

so from that result, we can say that this antenna can be used for a navigational application 

which is operated in low L band frequency. Especially, if we see the GNSS spectrum, 

the Galileo E5 and GPS L5 are operating in this frequency band, so from the figure, we 

can say that this antenna can receive the signal for GPS l5 and Galileo E5 band. [11-15]. 

.  

Figure 4.4 Radiation Pattern and Gain at 1.16 GHz 

4.2.2.3 Radiation Pattern at 1.54 GHz  

As the frequency is increased above 1.16 GHz, the higher order mode TM20 starts 

propagating along with fundamental mode TM10 in this rectangular patch configuration 

If only fundamental mode TM10 propagates in rectangular patch configuration, there will 

be only one main lobe in broadside. If TM20 mode starts propagation then, there will be 

two lobes symmetrically around broadside with a radiation null in broadside direction.  

Figure 4.5, shows the far field pattern of the proposed antenna at 1.54 GHz. this clearly 

demonstrates the null at the broadside directions which confirms the presence of TM20 

mode. The peak gain at 1.54 GHz is 5.02 dB as illustrated in figure 4.5 The GNSS 

spectrum Galileo SAR downlink is operating in this frequency band [11-15]. So proposed 

antenna can receive a downlink signal for Galileo SAR [11-15]. 
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Figure 4.5 Radiation Pattern and Gain at 1.54 GHz 

4.2.2.4 Radiation Pattern at 1.98 GHz  

As discussed in the earlier section, the frequencies above 1.16 GHz there will be null 

along the broadside direction, because of the presence of higher order mode. The 

radiation pattern of the proposed antenna at 1.98 GHz is presented in figure 4.6.  The 

frequency spectrum of 1.94 to 1.98 GHz is used in advance wireless services-2, personal 

communication and also in TV broadcast services [11-15]. So proposed antenna can also 

be used for said applications. 

 

Figure 4.6 Radiation Pattern and Gain at 1.98GHz
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4.3 Result’s Summary and Conclusion    

In the present research, all the focus is given to design an antenna for navigational 

applications, which generally operates in three frequency bands. In this Section, the 

antenna is proposed which is having a super street structure with slot loading. The 

proposed antenna provides more gain as compared to previously published designs [2] 

for navigational applications. Also proposed antenna can provide resonance at four 

frequencies, while the published antenna [2] can work only at 2 resonance frequency. 

Comparative analysis between exciting stub loaded design [2] and the proposed design 

is given in table 4.2.Beside return loss and antenna able to maintain VSWR between 1 

to 2 and also good radiation pattern at low frequency band which is shown in figure 4.3 

to 4.6. Because of the presence of higher order mode at higher frequency there will be 

null along the broadside direction.  

Table 4.2 Parametric comparison with the existing design and proposed design 

Parameters  Proposed Design Available  Design 

[2] 

Return Loss S11(dB)   4 Multi Band   2 Dual Band 

Frequency band Cover  0.99GHz,1.16GHz,1.54GHz& 

1.98GHz 

1.17GHz & 

1.57GHz 

Gain More than 5 dB  Between 2.5 to 4 

dB 

Coupling  Single Coupled  Dual Coupled  

 

4.4 Parametric Study of Parasitic Array of Slot loaded Patch 

A parasitic array of the antenna means the number of the antenna with one active 

element and the other is a parasitic element. The same concept also used in the further 

parametric study where two, four, six and eight slot loaded patches are placed on the 

top of the another without slot patch which is placed on the top of the substrate. After 

placing number slot loaded patches on the top, the gain of the antenna is good and also 

provides multiple frequency bands. In further discussion, have detailed discussion on 

the performance of two, four, six and eight slot loaded patch. The important thing is that 

as there is no change in substrate length and width so after having all eight patches 
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antenna size remains the same. The dimension of all the above proposed antenna is 

given in table 4.3. As seen in table 4.3, the length and width of the substrate is 15.5 cm 

and 13.5 cm respectively. The dimensions of each patch element are given in table 

where the smallest patch having length and width of 3.5cm and 2.2cm respectively, and 

largest patch having length and width of 9.8cm and 8.3cm respectively. An antenna 

having a single co-axial feed and the dimensions of the feeding network is given in table 

4.3 

Table 4.3 Antenna Patch substrate and feeding network dimensions 

  

Sr.No Name Dimensions (cm)  

Patch on the top of first substrate Dimensions (Patch 1) 

1 Length L1 9.8  

2 Width W1 8.3  

Patch on the top of a second substrate (Patch 2) 

3 Length L2 7.5 

4 Width W2 6.3 

Patch near to coaxial feed patch (patch 3) 

5 Length L3 6.5 

6 Width W3 5.3  

Side small patches (patch 4-9) 

7 Length L4 3.5  

8 Width W4 2.2  

Substrate Dimensions 

9 Height 0.32 

10 Length L3 15.8 

11 Width W3 13.5 

Feed network dimensions 

12 Feed Length 1.5 

13 Coaxial  inner radius  0.208 

14 Coaxial  outer radius 0.708 

15 Outer  feed length 4.17 

16 Coax impedance  50Ω 
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4.4.1 Two Patch Parasitic Array Design 

The proposed two patch parasitic array antenna is given in figure 4.7. The antenna has 

two substrates with a dielectric constant of 2.2. The antenna has three patches. Among 

those, one is a single patch without slot which is top of the first substrate fed with coaxial 

feeding. The antenna consists of a total two patches on the top of the second substrate. 

Dimensions of the proposed antenna are as per table 4.3 

 

Figure 4.7 Two patch parasitic array antenna design 

The S11(dB) for antenna for two patch parasitic array shown in figure 4.8. The simulated 

data proved that the antenna can resonate on four different frequencies with S11(dB)  of 

-12.63dB at the 1.13GHz, -18.67dB at 1.17GHz, -10.84 at 1.6GHz and -10.59 at 

1.87GHz. Gain and radiation patterns of the antenna shown in figure 4.9. As shown in 

the figure, the gain of the antenna at low frequency is 7.56dB 

 

Figure 4.8 Return loss of two patch parasitic array antenna design 
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Figure 4.9 Radiation pattern and gain of two patch parasitic array antenna design 

4.4.2 Four Patch Parasitic Array Design 

The proposed two patch parasitic array antenna is given in figure 4.10. The antenna 

design has two substrates with a dielectric constant of 2.2. The antenna has five patches. 

Among those, one is a single patch without slot which is top of the first substrate fed 

with coaxial feeding. The antenna consists total of four patches on the top of the second 

substrate, among that two major patches are placed on top of the second substrate along 

with two small patches placed at the side of two major patches. Dimensions of the 

proposed antenna are as per table 4.3 

 

Figure 4.10 Four patch parasitic array antenna design 

 

The returns loss for antenna for four patch parasitic array shown in figure 4.11. The 

simulated data prove that the antenna can resonate on three different frequencies with a 

S11(dB) of -13.13dB at 1.12GHz, -14.70dB at 1.6GHz and  -13.23 at 1.86 GHz. Gain 

and radiation patterns of the antenna shown in figure 4.12, as shown in the figure the 

gain of antenna four patch array at low frequency is 7.58dB. 
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Figure 4.11 Return loss of four patch parasitic array antenna design 

 

Figure 4.12 Radiation pattern and gain of four patch parasitic array antenna design 

4.4.3 Six Patch Parasitic Array Design 

The proposed six patch parasitic array antenna is shown in figure 4.13. The antenna has 

two substrates with a dielectric constant of 2.2. The antenna has seven patches. Among 

those, one is a single patch without slot which is top of the first substrate fed with coaxial 

feeding. The antenna consists total of six patches on the top of the second substrate, 

among that two major patches are placed on top of the second substrate along with four 

small patches placed at the side of two major patches. Dimensions of the proposed 

antenna are as per table 4.3. 
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Figure 4.13 Six patch parasitic array antenna design 

The returns loss for antenna for six patch parasitic array shown in figure 4.14. The 

simulated data proved that the antenna can resonate on two different frequencies with a 

S11(dB) of -14.91dB at 1.58GHz and -10.96 at 1.87 GHz. Gain and radiation patterns of 

the antenna shown in figure 4.15. As shown in the figure, the gain of the antenna six patch 

array is at low frequency 7.65dB. 

 

 

Figure 4.14 Return loss of six patch parasitic array antenna design 
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Figure 4.15 Radiation pattern and gain of six patch parasitic array antenna design 

4.4.4 Eight Patch Parasitic Array Design 

The proposed eight patch parasitic array antenna is shown in figure 4.16. The antenna 

has two substrates with a dielectric constant of 2.2. The antenna has nine patches. Among 

those, one is a single patch without slot which is top of the first substrate fed with coaxial 

feeding. The antenna consists of a total eight slot loaded patches on the top of the second 

substrate, among that two major patches are placed on top of the second substrate along 

with six small patches placed at the side of two major patches. Dimensions of the 

proposed antenna are as per table 4.3 

 

Figure 4.16 Eight patch parasitic array antenna design 
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The return loss of antenna for six patch arrays is shown in figure 4.17. The simulated data 

prove that the antenna can resonate on two different frequencies with a S11(dB) of -

15.38dB at 1.1GHz, -20.27 at 1.57 GHz and -10.21 at 1.85 GHz. Gain and radiation 

patterns of the antenna shown in figure 4.18, as shown in the figure the gain of antenna 

eight patch array is at low frequency 7.51dB. 

 

Figure 4.17 Return loss of eight patch parasitic array antenna design 

 

Figure 4.18 Radiation pattern and gain of eight patch parasitic array antenna design 

4.4.5 Result Summary and Conclusion   

Four different antennas with two substrate and parasitic arrays of the patch with a slot 

were discussed. All the four antenna having a different number of patches on the top of 

the substrate provides multiband frequencies. As in the thesis especially focus on 

navigational application, all four proposed antennas able to cover a few navigational 

frequency bands. The number of patches is increasing from two to eight the gain of the 

antenna is good and gain comparison is given in table 4.4. The proposed slot patch array 
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antenna has a good amount of gain also having VSWR lies between 1 to 2 for resonant 

frequency. As the proposed antenna is designed for navigational applications few 

available designs for navigational application [2] having stub loaded structure with a 

single patch here. As none of the multiband antenna designs in this thesis can provide 

all the navigational frequency bands so one of the best way to cover all the frequency 

bands is to design a wideband antenna which is discussed in the next chapter. 

Table 4.4 Comparison for different number of patches 

Sr.No Number of 

patches  

Radiating Frequency  The gain of the 

antenna at low 

frequency   

1 Two patch parasitic 

arrays 

-12.63dB at 1.13GHz, 

-18.67dB at 1.17GHz,  

-10.84 at1.6GHz and 

 -10.59 at 1.87GHz. 

7.56dB 

2 Four patch parasitic 

arrays 

-13.13dB at 1.12 GHz, 

-14.70dB at 1.6GHz and 

-13.28 at1.86GHz  

7.58dB 

3 Six patch parasitic 

arrays 

-14.91dB at 1.58GHz and  

 -10.96 at 1.87 GHz 

7.65dB 

4 Eight patch 

parasitic arrays 

-15.38dB at 1.1GHz,  

-20.27 at 1.57 GHz and  

-10.21 at 1.85 GHz 

7.51dB 
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CHAPTER-5  

Wideband Antenna for Navigational Application 

The growing demand and necessity of navigational applications have N number of 

challenges for the design of RF components. Day by day, all wireless communication 

application requires that antenna should have a smaller size, low profile and planner 

structure for easy installations. A simple patch antenna has been widely used for this 

kind of navigational communication applications, but only one major limitation of the 

patch is narrow band characteristics which are not allowed patch for wideband antenna 

design. Although with a thick substrate and low permittivity [33] can be used to improve 

the bandwidth of antenna by using these methods antenna size and weight both are 

increased. 

To overcome the disadvantages of narrow bandwidth, a log periodic microstrip antenna 

has been proposed [33]. The main advantage of this antenna is that it provides wideband 

bandwidth which arises from multiple radiating elements in a logarithmic scale of 

frequency that can able to generate a combined resonance effect. Each of the arms is 

responsible to radiate at a particular frequency band. This unique design gives an 

overlapping frequency response that is able to cover wideband [33]. As compared to a 

different wideband antenna, log periodic microstrip antenna is able to radiate over 

wideband which makes them so attractive for different wireless communication. The 

main point should be noted is that log periodic microstrip antenna used the same 

substrate as the ordinary patch is used and still provides wideband. The only 

disadvantage with log periodic microstrip antenna is it requires the large physical area 

as so many elements having the comparable size to half wavelength are combined to 
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achieve the wideband radiation. A lot of research has been done till date to overcome 

this size disadvantage problem [35-43]. 

5.1 Conventional Log Periodic Antenna 

DuHamel and Isbell firstly introduced log periodic antenna which as shown in figure 

5.1. They identified a log periodic antenna which provides large bandwidth and this 

antenna is frequency independent. To obtain a uniform radiation behavior throughout 

the wide bandwidth, the geometrical parameters of the antenna sectors must be 

logarithmically scaled. The antenna shown in Figure 5.1 gives bi-directional radiation 

pattern and it is linearly polarized. Specifically, the LP antenna geometry is defined 

using a transformation equation as [43]. 

𝑧 = ln (𝑤)                                                     5.1 

Where z= x+jy (rectangular coordinate) and w=ρejϴ (cylindrical coordinates).   

Log periodic means a uniformly spacing is taken between the resonating frequencies 

when it is plotted on a log scale as given in figure 5.1. Circularly curved teeth with 

separation in length are first log periodic antenna. The distance and length between teeth 

from the origin increases regularly with respect to τ. Due to the property of wide 

bandwidth people takes interest in log periodic antenna and proposed other design for 

log periodic also. [43]. 

                                             τ =
Rn

Rn+1
                                                                   5.2 

Consequently, t represents the ratio between two adjacent resonance frequencies as: 

τ =fH/fL    fH > fL             5.3 
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Figure 5.1 Planar log-periodic antenna consisting of circular teeth 

To achieve constant radiation pattern expansion ratio is the important parameter and 

which should be small enough. The maximum resonating frequency is decided by the 

size of the smallest teeth while minimum resonating frequency is decided by the size of 

the largest teeth. Remaining other teeth provide resonating frequencies between 

maximum to a minimum. The feeding in log periodic is given from high-frequency end 

to avoid the lower frequency content being radiated from the higher order modes of the 

largest teeth. LPDAs can also be conveniently fabricated on printed microstrip 

substrates [41-42]. All the antenna design in this thesis also mounted on a dielectric 

substrate having a dielectric constant of 4.4.  

Carrel gives the basic design parameters for the log periodic antenna. Expansion factor 

τ, relative spacing constant σ, substrate thickness h, and dielectric constant εr should 

take as the constant value for the calculation. τ and σ are the most important parameters 

for log periodic design the value is selected based on the optimal combinations [7].  

Relative Bandwidth =Fmax/Fmin            5.4 

Where the lowest frequency is Fmin and the highest frequency is Fmax of the bandwidth     

            BActive Region = 𝐵𝑎𝑟=1.1+7.7(1−𝜏)2 ×cot𝛼.                                     5.5 

Bs (Design Bandwidth) = 𝐵×𝐵𝑎𝑟                             5.6                                
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Largest element length in the array of antenna Ln is calculated from the equation 5.7 

and 5.8  

            Smallest frequency Wavelength (𝜆max )= 𝑐/2 × 𝐹𝑚𝑖𝑛 × √𝜀     5.7 

              Ln=λ/4               5.8 

The number of elements required for the Log periodic structure is calculated from 

equation 5.9 

           Total Number of elements required N= 1 +
𝑙𝑜𝑔𝐵𝑠

𝑙𝑜𝑔1/𝜏
                       5.9 

If first toothed has width W0, the next smaller one width is τW0 and the third smaller 

one width is τ 2 W0 and so on. In the widest tooth, the width is W1 which is near to one-

quarter wavelength (λ/4), the nth tooth width is, Wn which is given in equation 5.10 

   Wn= W1 τ n               5.10 

Where τ is a constant which is the ratio of width or distance of (n+1) th tooth to the width 

of nth tooth. 

5.2 Slot loaded Log Periodic Microstrip Antenna 

As seen in the literature review, the ordinary patch is not able to provide wide bandwidth 

and also seen that log periodic can provide wideband resonating frequency. So, based 

on that detailed literature review, proposed wideband log periodic microstrip antenna 

but not a conventional type antenna but a modified end of arm slot loaded log periodic 

microstrip antenna. The design parameters are given in table 5.1. Expansion factor τ, 

relative spacing constant σ, substrate thickness h, and dielectric constant εr should take 

as the constant value for the calculation. τ and σ are the most important parameters for 

log periodic design the value is selected based on the optimal combinations. For the 

proposed antenna, the value of τ is 0.65 and the value of σ is 0.81. As a substrate FR4 

proxy is taken having dielectric constant 4.4. The design of planner tooth log periodic 

antenna without slot and with a slot is shown in figure 5.2 and 5.3 respectively. The 

design parameters for proposed without slot and with slot log periodic antenna is given 

in table 5.1.
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The antenna consists of 7 arms at the right side and 7 arms at the left side and the arm 

width and radius depend on wavelength and Tau (τ)  

Table 5.1: Design parameters of the proposed antenna without slot and with slot 

Sr.No Parameters Antenna without slot Antenna with 

Slot 

1 Solution Frequency 2.4 GHz 2.4 GHz 

2 Port Impedance 50 ohm 50 ohm 

3 Substrate die electric constant  4.4 (FR4) 4.4 (FR4) 

4 Thickness of Substrate 0.16 cm 0.16 cm 

5 Substrate Width (W) 42 cm 42 cm 

6 Substrate Length (L) 42 cm 42 cm 

7 Outer Radius (R1) 19.01 cm 19.01 cm 

8 Slot Not Present  L=6cm 

W=4 cm 

9 Tau (τ) 0.65 0.65 

10 Sigma (σ) 0.81 0.81 

11 β angle 45 deg 45 deg 

12 δ angle 45 deg 45 deg 

 

By using the above equations and parameters, designed the toothed log periodic 

microstrip antenna without slot and optimized the same design by making a slot of 

(6cm×4 cm) at the end of the arm in HFSS software which shown in figure 5.2 and 5.3. 

By providing the slots in the patch, as a consequence, the resonant frequency is affected 

as the patch inductance changes. [25]. The correlation of the bandwidth (BW) and the 

quality factor (Q) of patch antenna are denoted in [26], where the bandwidth is defined 

for voltage standing wave ratio (VSWR) value < 2. Due to the presence of slots, the Q 

factor of a patch antenna with slots in decreases as the value of patch inductance 

increases. By the decrease of Q factor, therefore, the bandwidth (BW) of the patch 

antenna in increased accordingly [25]. 
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Figure 5.2 Conventional Log Periodic Microstrip antenna without slot 

 

Figure 5.3 Modified Log Periodic Microstrip antenna with slot 

5.2.1 Results and discussion of Slot loaded Log Periodic Microstrip Antenna 

One of the good thing about log periodic is that, over a wide bandwidth, it provides 

constant radiation characteristics. The gain and directivity of the proposed log periodic 

microstrip antennas are analyzed at a lower L band (1.16 GHz) Higher L band (1.58 

GHz) and S Band (2.48 GHz). The return loss of the antenna also analyzed in the same 

frequency. The radiation pattern analyzed on the same frequency all the results are 

discussed further. As this proposed antenna has modified slot designed, will discuss 

how slot has improved the performance of the antenna. 

5.2.1.1 Return Loss comparison between Conventional and Modified Design  

The proposed antenna is designed for navigational application and as per the literature 

review for GNSS and IRNSS application antenna should radiate in three frequency 
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bands which are low L (1.166–1.289 GHz), High L (1.554–1.612 GHz) and S band 

(2.482–2.502 GHz). Return loss S11 (dB) comparison between without slot and with 

slot, of the antenna, is shown in Figure 5.4. As shown in the figure.5.4, band cover by 

antenna without the slot is 0.5-4.7 GHz and the band cover by the antenna with the slot 

is 0.5-4.8 GHz so bandwidth without the slot is 4.2 GHz and bandwidth with the slot is 

4.3 GHz. So, it achieved more bandwidth and wideband using the slot structure, due to 

the wide bandwidth antenna able to cover all three navigational bands. After getting 

good simulated results, it is always important and necessary to validate the results either 

by mathematical modeling or testing in the laboratory. The same antenna was fabricated 

and tested in the laboratory at RF and microwave lab at BVM engineering college. The 

fabricated antenna with the slot is shown in figure 5.5. The practical setup for the 

measurement of periodic microstrip antenna with the slot shown in figure 5.6. The 

antenna is tested on VNA and the comparison of the simulated and measured results is 

shown in figure 5.7. As shown in figure 5.7, the fabricated antenna provides better 

results compared to the simulated antenna. Only slot loaded antenna was fabricated as 

it was modified design. 

 

Figure 5.4 Simulated return loss of antenna without slot and with slot 
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Figure 5.5 Fabricated Log Periodic Microstrip antenna with a slot structure 

 

Figure 5.6 Practical Setup for measurement of Log Periodic Microstrip antenna without slot 

 

Figure 5.7 S11 of the antenna with the slot for simulated and measured results 

5.2.1.2 Radiation pattern and Gain of Antenna  

The proposed antenna is designed for navigational application and as per the literature 

review for GNSS and IRNSS application antenna should radiate in three frequency 
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bands which are low L (1.166–1.289 GHz), High L (1.554–1.612 GHz) and S band 

(2.482–2.502 GHz). As seen in return loss results, antenna able to cover the wideband 

of 0.5-4.8GHz means all the navigational bands are covered by the proposed antenna. 

As discussed in the previous section, the radiation pattern and gain are the most 

important parameters to evaluate the performance of the antenna. So in this section, it 

gives a detailed comparison of both conventional antenna and modified slot loaded 

antenna in terms of gain and radiation pattern at low L band, high L band, S band and 

at the center frequency. 

Total Gain Comparison of Conventional and Modified design at Center frequency  

After comparing the results of the antenna for returns loss, now simulated results of gain 

and radiation patterns are discussed further. figure 5.8 gives the total gain, co & cross-

polarization at ϴ=0̊ and radiation pattern of the antenna without the slot and figure 5.9 

total gain co & cross polarization at ϴ=0̊  and radiation pattern of the antenna with a 

slot. In both cases, the total gain of antenna remains almost 4.78 dB, but while 

comparing the cross polarization level of the antenna at ϴ=0̊, the cross polarization 

without a slot is -7.48 dB while cross polarization with a slot is -16.52 dB. So the 

difference between co and cross polarization at ϴ=0 ̊without a slot is 12.26 dB at the 

center frequency, and the difference between co and cross polarization with a slot is 

21.31 dB. Figure 5.10 gives a comparison of normalized cross polarization power 

without slot and with a slot for the entire frequency band. 

 

Figure 5.8 Simulated Radiation Pattern of the antenna without slot at 2.4GHz (Center Frequency)  
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Figure 5.9 Simulated Radiation Pattern of the antenna with a slot at 2.4GHz (Center Frequency) 

 

Figure.5.10 Comparison of normalized cross polarization power without slot and with slot 

Total Gain Comparison of Conventional and Modified design at 1.16GHz 

As the proposed antenna is designed for the navigational application which covers the 

three desired GNSS and frequency band, Figure.5.11 and 5.12 give the comparison of 

the radiation pattern, gain and co, and cross polarization at ϴ=0̊  at a 1.16 GHz frequency 

which comes under the low L  frequency band for conventional and modified slot design 

antenna. As shown in figure 5.11 and 5.12 antennas having 4.71dB co polarization level 

and -9.15dB cross-polarization level for a conventional antenna, while slot loaded 

antenna having 4.86dB co polarization level and -9.54dB cross-polarization level at 



Wideband Antenna for Navigational Application 

  

53 

 

1.16GHz. As these two comparisons clearly indicate the slot structure provides better 

co and cross polarization at ϴ=0̊ compare to the conventional antenna. 

 

Figure 5.11 Simulated Radiation Pattern of the antenna without slot at 1.16GHz (Low L Band) 

 

Figure 5.12 Simulated Radiation Pattern of the antenna with a slot at 1.16GHz (Low L Band) 

Total Gain Comparison of Conventional and Modified design at 1.58GHz 

Figure.5.13 and 5.14 give the comparison of the radiation pattern, gain and co and cross 

polarization at ϴ=0̊ at a 1.58 GHz frequency which comes under the high L frequency 

band for conventional and modified slot design antenna. As shown in Figure 5.13 and 

5.14 antenna having 5.15dB co polarization level and -11.41dB cross-polarization level 

for conventional antenna while slot loaded antenna having 5.37dB co polarization level 

and -11.45dB cross-polarization level at 1.58GHz. As these two comparisons clearly 
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indicate the slot structure provides better co and cross polarization compare to the 

conventional antenna. 

 

Figure 5.13 Simulated Radiation Pattern of the antenna without slot at 1.58GHz (High L Band) 

 

Figure 5.14 Simulated Radiation Pattern of the antenna with a slot at 1.58GHz (High L Band) 

Total Gain Comparison of Conventional and Modified design at 2.48GHz 

Figure.5.15 and 5.16 give the comparison of the radiation pattern, gain and co and cross 

polarization at ϴ=0̊ at a 2.48 GHz frequency which comes under the S frequency band 

for conventional and modified slot design antenna. As shown in Figure 5.15 and 5.16 

antenna having 4.66dB co polarization level and -6.18dB cross-polarization level for 

conventional antenna while slot loaded antenna having have 4.71dB co-polarization 
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level and -10.53dB cross-polarization level at 2.48GHz. As these two comparisons 

clearly indicate the slot structure provides better co and cross polarization compare to 

the conventional antenna. 

 

Figure 5.15 Simulated Radiation Pattern of the antenna without slot at 2.48GHz (S Band) 

 

Figure 5.16 Simulated Radiation Pattern of the antenna with a slot at 2.48GHz (S Band) 

5.2.2 Result Summary and Conclusion   

A wideband log periodic microstrip antenna without a slot is designed, which covers 

the wideband between 0.5-4.7 GHz and again its optimized the same design by making 

a slot of 6×4 cm at end of the arm which covers the band of 0.5-4.8 GHz. So due to slot 

structure, bandwidth increases 0.1GHz. As this antenna is designed for the navigational 

application, table 5.2 gives a broad comparison of antenna parameters on different 

navigational bands. As seen in table 5.2, due to slot structure got better results for co 
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and cross polarization of antenna at ϴ=0̊  for all navigational frequency band. Cross 

polarization level of the antenna is shifted from -7.48dB to –16.52dB at the center 

frequency. Co polarization and radiation pattern remains as it as for the slot and without 

the slot, Antenna has a good amount of gain more than 4.5dB for all desired navigational 

frequency band and also having VSWR lies between 1 to 2. Based on the comparison 

between the two simulated results, fabricated the antenna having a slot structure and 

tested, and measured the results of return loss and VSWR. The measured results are 

better compared to the simulated results. 

Table 5.2 Simulated Result Comparison between conventional and modified Design 

Sr.

No 

Antenna Parameter Antenna 

Without Slot 

Antenna 

with Slot 

1 Frequency Band Cover 0.5-4.7 GHz 0.5-4.8 GHz 

2 Bandwidth 4.2 GHz 4.3 GHz 

3 Total Gain of Antenna at Center 

frequency (Co polarization ) 

4.78dB 4.79dB 

4 Cross polarization at ϴ=0̊ -7.48dB -16.52dB 

5 Total Gain of Antenna 

(Co polarization)at Low L Band 

4.71dB 4.85dB 

6 Cross polarization at Low L Band at ϴ=0̊ -9.15dB -9.54dB 

7 Total Gain of Antenna 

(Co polarization)at High  L Band 

5.15dB 5.37dB 

8 Cross polarization at High L Band at ϴ=0̊ -11.41dB -11.45dB 

9 Total Gain of Antenna 

(Co polarization)at S Band 

4.66dB 4.71dB 

10 Cross polarization at  S Band at ϴ=0̊ -6.18dB -10.53dB 

11 VSWR Between 1 to 2 Between 1 to 

2 

5.3 Outer Ring and Slot Loaded Miniaturized Log Periodic Microstrip 

Antenna   

As seen in the literature review, the ordinary patch is not able to provide wide bandwidth 

and also seen that log periodic can provide wideband resonating frequency. So, based 

on that detailed literature review in the previous section, proposed wideband log 
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periodic microstrip antenna but not a conventional type antenna but a modified end of 

arm slot loaded log periodic microstrip antenna. The only problem with the last 

proposed antenna is the size of the antenna is too large as the length and width of the 

antenna is 42cm respectively. As seen in the literature review, so many methods have 

proposed by the researcher to reduce the size of the antenna [35-40]. One of the method 

for miniaturization is having an outer ring [19] as the outer ring gives more bandwidth 

compared to conventional log periodic microstrip antenna with the same antenna 

dimensions [19]. By inserting the ring at the outer side, it will surely increase the 

bandwidth but it affects the other antenna parameter like gain, co polarization, cross 

polarization, etc. To overcome this problem, already investigated slot loaded design 

which helps us to improve all these parameters. Based on all the above findings, 

investigated a novel log periodic microstrip antenna having a small outer ring of the 

0.1cm and a small slot of (1cm×0.5cm) at the end of the arm. The design parameters are 

calculated by using equations and given in table 5.3. 

Table 5.3 Design parameters of the proposed antenna without slot and ring and with slot and ring 

Sr.No Antenna Parameter Antenna 

Without Slot 

and Ring 

Antenna with 

Slot and Ring  

1 Solution Frequency 2.4 GHz 2.4 GHz 

2 Port Impedance 50 ohm 50 ohm 

3 Substrate die electric constant  4.4 (FR4) 4.4 (FR4) 

4 Thickness of Substrate 0.16 cm 0.16 cm 

5 Substrate Width (W) 12 cm 12 cm 

6 Substrate Length (L) 12 cm 12 cm 

7 Outer Radius (R1) 5.239 cm 5.239 cm 

8 Slot Not Present  L=1cm 

W=0.5 cm 

9 Outer ring Not Present 0.1cm 

10 Tau (τ) 0.65 0.65 

11 Sigma (σ) 0.81 0.81 

 

Expansion factor τ, relative spacing constant σ, substrate thickness h, and dielectric 

constant εr should take as the constant value for the calculation. τ and σ are the most 
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important parameters for log periodic design the value is selected based on the optimal 

combinations. For the proposed antenna, τ is 0.65 and the value of σ is 0.81. As a 

substrate FR4 proxy is taken having dielectric constant 4.4. The design flow of the novel 

outer ring and slot loaded antenna is shown in figure 5.17. As shown in the figure, first 

designed a conventional log periodic antenna than make an outer ring and then combine 

the slot and outer ring design. 

 

Convectional Antenna 

 

Antenna with Slot    Antenna with Ring 

 

Figure 5.17. Novel Antenna Design having Slot and ring Structure 
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5.3.1 Results and discussion of Outer Ring and Slot loaded Log Periodic    

Microstrip Antenna 

As discussed in the last section, log periodic always provides wide bandwidth and 

constant radiation characteristics. As already discussed in the last section for all the 

design antenna focused frequency band is a navigational application frequency band. 

So, at the initial stage of the result, first, will prove that how this antenna has wide 

bandwidth over its compact size. In the next stage, will provide a broad comparison of 

the total gain of the antenna at all three desired frequency bands. As co polarization and 

cross polarization is important parameters of an antenna, will discuss the broad 

comparison between conventional antenna ring loaded antenna and slot and ring loaded 

antenna.   

5.3.1.1 Return Loss comparison between Conventional and Slot and ring loaded     

Design 

The proposed antenna is designed for navigational application and as per the literature 

review for GNSS and IRNSS application antenna should radiate in three frequency 

bands, which is low L (1.166–1.289 GHz), High L (1.554–1.612 GHz) and S band 

(2.482–2.502 GHz). Return loss (S11) is compared between without ring and slot and 

with ring and slot antenna is shown in figure 5.18. As shown in figure 5.18, band cover 

by antenna without the ring and slot with is almost 1.7-4.1GHz and the band cover by 

the antenna with ring and slot having same physical dimensions is 1.04-4.9GHz so, 

bandwidth without ring and slot is 2.4GHz and bandwidth with the ring and slot is 

almost 3.8GHz. So, achieved more bandwidth and wideband using the ring and slot 

structure with the same antenna dimensions. As seen in the last design antenna having 

a size of 42cm and cover all three navigational frequency bands while this antenna 

design has a size of 12cm able to covers all three navigational frequency bands. So 

compared to the last design slot and ring loaded antenna having almost 3.6 

miniaturization factor.  
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Figure 5.18 Simulated return loss of antenna without slot and ring and with slot and ring 

5.3.1.2 Radiation pattern and Gain of Antenna  

The proposed antenna is designed for navigational application and as per the literature 

review for GNSS and IRNSS application antenna should radiate in three frequency 

bands which is low L (1.166–1.289 GHz), High L (1.554–1.612 GHz) and S band 

(2.482–2.502 GHz). As seen in return loss results antenna able to cover the wideband 

of 1.04-4.9GHz, means all the navigational bands are covered by the proposed antenna. 

As discussed in the previous section radiation pattern and gain are the most important 

parameters to evaluate the performance of the antenna. So in this section, will give a 

detailed comparison of the conventional antenna, ring loaded antenna and slot and ring 

loaded antenna in terms of gain and radiation pattern at low L band, high L band, S band 

and at the center frequency. 

Co and Cross polarization comparison of conventional, ring loaded and slot and 

ring loaded antenna at Center frequency 

After comparing the results of the antenna for returns loss, now simulated results of gain 

and radiation patterns are discussed further. Figure 5.19 gives the total gain, co & cross 

polarization ϴ=0̊ and radiation pattern of the antenna without the slot and ring. 

Figure.5.20 total gain, co & cross-polarization at ϴ=0̊ and radiation pattern of the 

antenna with the ring. Figure.5.21 total gain, co & cross-polarization at ϴ=0̊ and 

radiation pattern of the antenna with ring and slot. 
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Figure 5.19 Simulated Radiation Pattern of the antenna without Slot and Ring at 2.4 GHz (Center 

Frequency)  

 

Figure 5.20 Simulated Radiation Pattern of the antenna with Ring at 2.4 GHz (Center Frequency) 

 

Figure 5.21 Simulated Radiation Pattern of the antenna with Slot and Ring at 2.4 GHz (Center 

Frequency) 
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After comparing the results of co and cross polarization at ϴ=0̊ now simulated results 

of gain and radiation patterns are discussed further. Figure 5.22 gives the total gain and 

radiation pattern of the antenna without slot and ring. Figure 5.23 gives the total gain 

and radiation pattern of the antenna with a ring. Figure 5.24 gives total gain and 

radiation pattern of the antenna with a ring and slot in all the cases total gain of the 

antenna is more than 5dB. So comparing with without slot and ring structure with slot 

and ring increase the bandwidth but due to ring structure gain start to decrease from 

5.68dB to 5.08dB as shown in figure 5.22 and 5.23. While introducing the slot design 

along with ring gain is increasing from 5.08dB to 5.09dB. So from those results, 

conclude that slot and ring design are able to provide wide bandwidth along with high 

gain with compact size.     

 

Figure 5.22 Simulated Radiation Pattern of the antenna without Ring and Slot at 2.4GHz (Center 

frequency) 

 

Figure 5.23 Simulated Radiation Pattern of the antenna with Ring without Slot at 2.4GHz (Center frequency) 
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Figure 5.24 Simulated Radiation Pattern of the antenna with Ring and Slot at 2.4GHz (Center 

frequency) 

Total Gain Comparison of conventional, ring loaded and slot and ring loaded 

antenna at Low L Band. 

As the proposed antenna is designed for the navigational application which covers the 

three desired GNSS and IRNSS frequency band, Figure.5.25, 5.26 and 5.27 gives the 

comparison of radiation pattern and gain and at a 1.16GHz frequency which comes 

under the low L frequency band for conventional, ring loaded and ring and slot loaded 

antenna. As seen in figure 5.25 the total gain of the conventional antenna is 2.02dB, 

while as seen in figure 5.26 total gain of ring loaded antenna is 3.20dB and as seen in 

figure 5.27 the total gain of ring and slot loaded antenna is 3.26dB. 

 

Figure 5.25 Simulated Radiation Pattern of the antenna without Ring and Slot at 1.16GHz (Low L 

Band) 
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Figure 5.26 Simulated Radiation Pattern of the antenna with Ring without Slot at 1.16GHz (Low L 

Band) 

 

Figure 5.27 Simulated Radiation Pattern of the antenna with Ring and Slot at 1.16GHz (Low L Band)  

Total Gain Comparison of conventional, ring loaded and slot and ring loaded 

antenna at High L Band 

Figure.5.28, 5.29 and 5.30 gives the comparison of radiation pattern and gain and at a 

1.6GHz frequency which comes under the high L frequency band for conventional, ring 

loaded and ring and slot loaded antenna. As seen in figure 5.28 the total gain of the 

conventional antenna is 3.50dB, while as seen in figure 5.29 total gain of ring loaded 

antenna is 3.78dB and as seen in figure 5.30 the total gain of ring and slot loaded antenna 

is 3.89dB. 
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Figure 5.28 Simulated Radiation Pattern of the antenna without Slot and Ring at 1.6GHz (High L Band) 

 

Figure 5.29 Simulated Radiation Pattern of the antenna with Ring without Slot at 1.6GHz (High L Band) 

 

Figure 5.30 Simulated Radiation Pattern of the antenna with Ring and Slot at 1.6GHz (High L Band) 



Outer Ring and Slot Loaded Miniaturized Log Periodic Microstrip Antenna   

66 

 

Total Gain Comparison of conventional, ring loaded and slot and ring loaded 

antenna at S Band 

Figure.5.31, 5.32 and 5.33 give the comparison of radiation pattern and gain and at a 

2.5GHz frequency which comes under the S frequency band for conventional, ring 

loaded and ring and slot loaded antenna. As seen in figure 5.31 the total gain of the 

conventional antenna is 5.98dB, while as seen in figure 5.32 total gain of ring loaded 

antenna is 5.15dB and as seen in figure 5.33 the total gain of ring and slot loaded antenna 

is 5.16dB. 

 

Figure 5.31 Simulated Radiation Pattern of the antenna without Slot and Ring at 2.5GHz (S Band) 

 

Figure 5.32 Simulated Radiation Pattern of the antenna with Ring without Slot at 2.5GHz (S Band) 
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Figure 5.33 Simulated Radiation Pattern of the antenna with Ring and Slot at 2.5GHz (S Band) 

5.3.1.3 Simulated Results comparison with Fabricated Antenna.  

A wideband conventional log periodic microstrip antenna without slot and ring is 

designed, which covers the wideband of almost 1.7-4.1GHz and again optimized the 

same design by making a slot of 1cm×0.5cm at end of arm and 0.1cm ring at the outer 

side which covers the band of 1.04-4.9 GHz. So, by making the outer ring and slot with 

the same antenna dimensions bandwidth increases by almost 1.4GHz and with help of 

slot structure antenna able to maintain a good amount of gain along with wide 

bandwidth. The following are simulated results but to validate the same results, a ring 

and slot loaded antenna has fabricated and tested at different RF laboratory. In this 

section, will present the measured results and prove that measured results are very close 

to simulated results. First, fabricate the antenna and measure the return loss and VSWR 

of the antenna at RF and Microwave laboratory at BVM engineering college V.V.Nagar. 

The fabricated antenna practical setup for measurement is shown in figure 5.34 and 5.35 

respectively. As shown in figure 5.34 the dimensions of the antenna are 12cm and it is 

tested on VNA. To measure the return loss of the antenna first calibrate the VNA to 

minimize the losses and then start to measure the return loss and VSWR. Simulated and 

measured results comparison shown in figure 5.36, as shown in figure 5.36 fabricated 

antenna covers the good band as compared to simulated results. 
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Figure 5.34 Fabricated antenna with slot and outer ring 

 

Figure 5.35 Return loss measurement setup for the fabricated antenna on VNA 

 

Figure 5.36 Return loss comparison of the antenna with slot and ring for the simulated and measured 

power  
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As discussed so many times the following antenna is designed for the navigational 

application. In the previous discussion, provide a broad comparison of conventional, 

ring loaded and ring and slot loaded antenna at the center frequency as well as all three 

navigational frequency. The radiation pattern of the slot and ring loaded antenna was 

tested in the 6GHz antiquate chamber at RF and Microwave lab at CHARUSAT 

University Changa. As the antenna is tested in 0.8-18 GHz antiquate chamber the actual 

image of the antiquate chamber is shown in figure 5.37 and the practical setup for the 

antenna is shown in figure 5.38.  The radiation pattern and gain of the antenna are 

measured on 2.4GHz simulated and measured results comparison shown in figure 5.39, 

as shown in figure 5.39 simulated and measured results are very close to each other. 

 

Figure 5.37 Antiquate chamber at CHARUSAT University 

 

Figure 5.38 Practical Radiation pattern Setup for Antenna testing at CHARUSAT University 
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Figure 5.39 Radiation pattern comparison of the antenna with slot and ring for the simulated and 

measured power 

5.3.2 Result Summary and Conclusion   

A wideband conventional log periodic microstrip antenna without slot and ring is 

designed, which covers the wide band of almost 1.7-4.1GHz and again, optimized the 

same design by making a slot of 1cm×0.5cm at end of arm and 0.1cm ring at the outer 

side which covers the band of 1.04-4.9 GHz. By making the outer ring with the same 

antenna dimensions bandwidth increases by almost 1.4GHz.As in the previous section 

have given detail comparison of gain and radiation pattern at the center frequency as 

well as all navigational frequency bands. The detailed comparison of gain is given in 

table 5.4 and the comparison clearly indicates that as conventional antenna provides 

high gain at higher frequencies while introducing ring design bandwidth start is 

increases but at the same time gain at high frequency start to decreases. To overcome 

these disadvantages, in this thesis introduced slot design along with ring design which 

can able to maintain high gain at all frequency bands.  

Table 5.4 Gain of conventional, with ring and with ring and slot loaded antenna 

Frequency 

Band 

Conventional 

Antenna 

Antenna With  

Ring 

Antenna with Ring 

and Slot 

Low L 

Band(1.16GHz) 

2.02 dB 3.20 dB 3.26dB 

High L 

Band(1.6GHz) 

3.50dB 3.78dB 3.89dB 

S 

Band(2.5GHz) 

5.98dB 5.15dB 5.16dB 

Centre 

Frequency 

(2.4GHz) 

5.68dB 5.08dB 5.09dB 
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After comparing gain for different design at a different frequency, now the further 

discussion will be on co and cross polarization at ϴ=0̊  of antenna for conventional, ring 

and slot and ring loaded design which shown in figure 5.19 to 5.21. A comparative 

analysis of all three designs is shown in table 5.5. As shown in figure and table, co 

polarization is high and cross polarization is less at ϴ=0̊  for the conventional antenna 

as it provides less bandwidth, after inserting outer ring bandwidth is increased but it 

affects the co and cross polarization. By making a slot at the outer side along with ring 

antenna can provide better co and cross polarization with the same bandwidth and same 

dimensions. 

Table 5.5 Co and Cross polarization Comparison of conventional, with ring and with ring and slot 

loaded antenna 

Frequency 

Band(Centre 

Frequency 

(2.4GHz) 

Conventional 

Antenna (No 

ring No Slot) 

Antenna With  

Ring 

Antenna with 

Ring and Slot 

Co-polarization at 

ϴ=0̊  

5.52dB 4.63dB 4.71dB 

Cross-polarization 

at ϴ=0̊ 

-8.59dB -4.99dB -5.73dB 

 

As mentioned in our problem definition that in this thesis designing wideband antenna 

along with high gain good co and cross polarization and compact size. Based on the 

literature survey carried out here in table 5.8, gives a broad comparison between the 

existing antenna and the proposed antenna. The antenna [1-3] is not a wideband antenna 

so as compared to that antenna proposed wideband antenna able to cover the all desired 

navigational band with more than 5dB highest gain. Author [4] designed the wideband 

antenna which covers the wideband of 0.9-2.87GHz having antenna size of 115×115 

mm while the proposed antenna covers the wideband of 1.04-4.9GHz having antenna 

size of 120×120 mm in where actual patch size is 107mm. So based on the above 

comparison proposed antenna has almost the same dimensions but able to provide a 

wideband compare to the existing antenna. The antenna proposed in [19] having log 

periodic design the proposed antenna able to covers the six different band of 0.65 GHz, 

0.85 GHz, 0.95 GHz, 1.85 GHz, 2.15 GHz and 2.45 GHz with the antenna size of 160× 

160mm while our antenna having a size of 120×120 mm with wide bandwidth. This 

above said are broad comparison but as this antenna having wideband so along with 

navigational the antenna covers the entire L band and S band so the same antenna can 
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be used for other wireless communication application which comes under the L band 

and S band. 

5.4 Dual Shorted Outer Ring and Slot Loaded Miniaturized Log 

Periodic Microstrip Antenna   

During the initial phase, the first design is the slot loaded wideband antenna which 

improves the performance of the antenna in terms of gain and co and cross polarization. 

The only problem with that antenna design is that the physical area of that antenna is 

too large. To overcome this large physical size problem have proposed a ring loaded 

compact wideband antenna were achieved a 3.6 times size reduction compared to the 

previous antenna. The main thing is that the proposed antenna able to receive the entire 

navigational frequency band with compact size. The only problem with ring loaded 

antenna is at high frequency the gain starts to decreases compares to the conventional 

antenna the same problem is addressed with novel antenna design having ring and slot 

both. The proposed ring and slot loaded antenna provide better results compared to the 

conventional antenna. So still have a chance to improve the gain and for that here 

proposed a novel dual shorted outer ring and slot loaded miniaturized log periodic 

microstrip antenna.  The design parameters given in table 5.6 

Table 5.6 Design parameters of the proposed antenna with ring and slot and with dual ring and slot  

Sr.No Antenna Parameter Antenna  with 

outer Ring and 

Slot 

Antenna  with 

Dual outer Ring 

and Slot 

1 Solution Frequency 2.4 GHz 2.4 GHz 

2 Port Impedance 50 ohm 50 ohm 

3 Substrate die electric constant  4.4 (FR4) 4.4 (FR4) 

4 Thickness of Substrate 0.16 cm 0.16 cm 

5 Substrate Width (W) 12 cm 12 cm 

6 Substrate Length (L) 12 cm 12 cm 
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7 Outer Radius (R1) 5.239 cm 5.239 cm 

8 Slot Not Present  L=1cm 

W=0.5 cm 

9 Outer ring Single outer ring  

0.1cm 

Dual shorted outer 

ring each 0.1cm 

10 Tau (τ) 0.65 0.65 

11 Sigma (σ) 0.81 0.81 

Expansion factor τ, relative spacing constant σ, substrate thickness h, and dielectric 

constant εr should take as the constant value for the calculation. τ and σ are the most 

important parameters for log periodic design the value is selected based on the optimal 

combinations. For the proposed antenna, τ is 0.65 and the value of σ is 0.81. As a 

substrate FR4 proxy is taken having dielectric constant 4.4. The design flow of the novel 

dual shorted outer ring and slot loaded antenna are shown in figure 5.40. As shown in 

figure first, designed conventional log periodic antenna with slot than make the first 

outer ring followed by second outer ring both rings are shorted and then combine the 

slot and outer ring design. 

 

 

 

Figure 5.40 Novel Antenna Design having Dual shorted outer ring and Slot Structure 
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5.4.1 Results and discussion of Outer Ring and Slot loaded Log Periodic Microstrip 

Antenna 

As discussed in the last section that log periodic always provides wide bandwidth and 

constant radiation characteristics. As already discussed in the last section for all the 

design antenna focused frequency band is a navigational frequency band. So, at the 

initial stage of results first will prove that how this antenna has wide bandwidth over 

compact size. In next stage, it will provide a broad comparison of total gain of the 

antenna at all three desired frequency bands between the conventional antenna, ring 

loaded antenna, slot and ring loaded antenna and dual shorted ring and slot loaded 

antenna    

5.4.1.1 Return Loss comparison between Slot and ring and Dual shorted ring and 

slot loaded Design 

The proposed antenna is designed for navigational application and as per the literature 

review for GNSS and IRNSS application antenna should radiate in three frequency 

bands which are low L (1.166–1.289 GHz), High L (1.554–1.612 GHz) and S band 

(2.482–2.502 GHz). Return loss (S11) is compared between without ring and slot, with 

ring and slot and with dual shorted ring and slot antenna is shown in figure 5.41. As 

shown in figure 5.41, band cover by antenna without the ring and slot with is almost 

1.7-4.1GHz and the band cover by the antenna with ring and slot having the same 

physical dimensions is 1.04-4.9GHz and almost same band also covered with dual 

shorted ring and slot.  

 

Figure 5.41 Simulated return loss of antenna without slot and with slot and ring and with dual ring and 

slot 
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5.4.1.2 Radiation pattern and Gain of Antenna  

The proposed antenna is designed for navigational application and as per the literature 

review for GNSS and IRNSS application antenna should radiate in three frequency 

bands which are low L (1.166–1.289 GHz), High L (1.554–1.612 GHz) and S band 

(2.482–2.502 GHz). As seen in return loss results antenna able to cover the wideband 

of 1.04-4.9GHz, means all the navigational bands are covered by the proposed antenna. 

As discussed in the previous section radiation pattern and gain are the most important 

parameters to evaluate the performance of the antenna. This section will give a detailed 

comparison of slot and ring loaded with a dual shorted outer ring with slot loaded 

antenna in terms of gain and radiation pattern at low L band, high L band, S band and 

at the center frequency. As per previous discussion, already given the gain results for 

conventional and ring loaded antenna so at the end, will provide a detailed comparison 

for all four antenna. 

Total Gain Comparison of slot and ring loaded antenna with dual shorted ring and 

slot loaded at Low L Band. 

Figure.5.42 and 5.43 give the comparison of radiation pattern and gain and at a 1.16 

GHz frequency which comes under the low L frequency band for ring and slot loaded 

with dual shorted ring and slot loaded antenna. As seen in figure 5.42 the total gain of 

ring and slot loaded antenna is 3.26dB, while as see in figure 5.43 total gains of the dual 

shorted ring and slot loaded antenna is 3.42dB.  

 

Figure 5.42 Simulated Radiation Pattern of the antenna with Ring and Slot at 1.16GHz (Low L Band) 
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Figure 5.43 Simulated Radiation Pattern of the antenna with dual shorted Ring and Slot at 1.16GHz 

(Low L Band) 

Total Gain Comparison of slot and ring loaded antenna with dual shorted ring and 

slot loaded at High L Band 

Figure.5.44 and 5.45 give the comparison of radiation pattern and gain and at a 1.6 GHz 

frequency which comes under the high L frequency band for ring and slot loaded with 

dual shorted ring and slot loaded antenna. As seen in figure 5.44 the total gain of ring 

and slot loaded antenna is 3.89dB, while as seen in figure 5.45 total gain of the dual 

shorted ring and slot loaded antenna is 4.11dB.  

 

Figure 5.44 Simulated Radiation Pattern of the antenna with Ring and Slot at 1.6GHz (High L Band) 



Wideband Antenna for Navigational Application 

  

77 

 

 

Figure 5.45 Simulated Radiation Pattern of the antenna with dual shorted Ring and Slot at 1.6GHz 

(High L Band) 

Total Gain Comparison of slot and ring loaded antenna with dual shorted ring and 

slot loaded at S Band 

Figure.5.46 and 5.47 give the comparison of radiation pattern and gain and at a 2.5GHz 

frequency which comes under the S frequency band for ring and slot loaded with dual 

shorted ring and slot loaded antenna. As seen in figure 5.46, the total gain of ring and 

slot loaded antenna is 5.16dB, while as seen in figure 5.47 total gain of the dual shorted 

ring and slot loaded antenna is 5.67dB 

 

Figure 5.46 Simulated Radiation Pattern of the antenna with Ring and Slot at 2.5GHz (S Band) 
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Figure 5.47 Simulated Radiation Pattern of the antenna with dual shorted Ring and Slot at 2.5GHz (S 

Band) 

Total Gain Comparison of slot and ring loaded antenna with dual shorted ring and 

slot loaded at the center frequency  

Figure.5.48 and 5.49 give the comparison of radiation pattern and gain and at the center 

frequency, 2.4GHz for ring and slot loaded with dual shorted ring and slot loaded 

antenna. As seen in figure 5.48, the total gain of ring and slot loaded antenna is 5.09dB, 

while as seen in figure 5.49 total gain of the dual shorted ring and slot loaded antenna 

is 5.54dB 

 

Figure 5.48 Simulated Radiation Pattern of the antenna with Ring and Slot at 2.4GHz (Center frequency) 
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Figure 5.49 Simulated Radiation Pattern of the antenna with dual shorted Ring and Slot at 2.4GHz (Center 

frequency 

5.4.2 Result Summary and Conclusion   

As discussed in the previous section, wideband log periodic microstrip antenna without 

slot and ring is designed which covers the wideband of almost 1.7-4.1GHz and again, 

optimized the same design by making slot of 1cm×0.5 cm at end of arm and 0.1cm ring 

at the outer side which covers the band of 1.04-4.9 GHz. By making the outer ring with 

the same antenna dimensions bandwidth increases by almost 1.4GHz while it has been 

seen in previous design that gain at low frequency is still low compared to high 

frequency, so to improve the gain with the same bandwidth and same dimensions again 

optimized the same design. The novel dual shorted ring with slot antenna has proposed. 

As seen in figure 5.39 the proposed antenna able to cover the almost same frequency 

band. As mentioned in our problem definition that in this thesis designing wideband 

antenna along with high gain good co and cross polarization and compact size. Based 

on the literature survey carried out, table 5.7 gives the broad comparison of the entire 

antenna in terms of total gain at the center frequency as well as all navigational 

frequency. As compared to the gain with a conventional antenna with the last novel dual 

ring and slot loaded antenna gain in increases at all frequency. As seen in Table 5.7 it 

clearly shows that the last optimized design gives the best gain with the almost same 

bandwidth and the same dimensions. As table 5.7 gives a comparison between our own 

slot and ring loaded antenna design and results are good as compare to slot and ring 

loaded design. Table 5.8 gives a broad comparison between the exciting antenna and 

the proposed antenna.   
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Table 5.7 Gain comparison of the conventional antenna, the antenna with a ring, an antenna with ring 

and slot and dual shorted ring and slot for different navigational bands 

Frequency 

Band 

Conventional 

Antenna  

Antenna 

With  Ring 

Antenna with 

Ring and Slot 

Antenna with 

Dual Shorted 

Ring and slot  

Low L Band 

(1.16GHz) 

2.02 dB 3.20 dB 3.26dB 3.42dB 

High L Band 

(1.6GHz) 

3.50dB 3.78dB 3.89dB 4.10dB 

S Band 

(2.5GHz) 

5.98dB 5.15dB 5.16dB 5.67dB 

Center 

Frequency 

(2.4GHz) 

5.68dB 5.08dB 5.09dB 5.55dB 

 

Table 5.8 Comparison with different exciting and proposed antennas 

Ref No. Frequency band received (GHz) 

[1] 1.228 GHz, 1.583 GHz, and 2.492 GHz 

[2] 1.176 GHz and 1.57 GHz   

[3] 1.24 GHz and  1.575 GHz 

[4] 0.9-2.87GHz 

[5] L1 (1.575 GHz), L2 (1.227 GHz) and L5 (1.176 GHz) 

[19] 0.65 GHz, 0.85 GHz, 0.95 GHz, 1.85 GHz, 2.15 GHz and 2.45 

GHz 

Proposed Design 1.04-4.9 GHz  

 

As details are seen in the detailed literature review, the antenna proposed [1-3] [5-6] is 

not a wideband antenna they are multiband antenna so as compared to that antenna 

proposed wideband antenna able to cover the all desired navigational band with more 

than 5dB highest gain. Author [4] designed the wideband antenna which covers the 

wideband of 0.9-2.87GHz having antenna size of 115×115 mm while the proposed 

antenna covers the wideband of 1.04-4.9GHz having antenna size of 120×120 mm in 

where actual patch size is 107mm. Author [4] used Roger RO4003 having a thickness 
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of 0.817mm with relative permittivity of 3.55 and loss tangent 0.0027, and proposed 

antenna made with FR4 substrate due to that proposed antenna is more cost effective. 

So based on the above comparison, the proposed antenna has almost the same 

dimensions but able to provide a wideband compare to the existing antenna. The antenna 

proposed in [19] having log periodic design the proposed antenna able to covers the six 

different band of 0.65 GHz, 0.85 GHz, 0.95 GHz, 1.85 GHz, 2.15 GHz and 2.45 GHz 

with the antenna size of 160× 160mm while our antenna having a size of 120×120 mm 

with wide bandwidth. Table 5.8 gives board comparison between the exciting antenna 

and proposed antenna  This above said are broad comparison but as this antenna having 

wideband so along with navigational applications the antenna covers the entire L band 

and S band so the same antenna can be used for other wireless communication 

application which comes under the L band and S band. 
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CHAPTER-6  

Conclusion, Major Contribution, and Future 

Scope 

Conclusion: 

 A different antenna design, one for Low L band, second for high L and last for S 

band for satellite navigational system. All the low L, high L and S band antennas 

are able to maintain a good amount of gain more than 7dB, VSWR and good 

bandwidth for all said frequency band and provides directional radiation pattern. 

 A proposed multiband able to cover four different frequencies with S11 (dB) of -

14.31 dB at 0.99GHz, -15.53 dB at 1.16GHz,-14.60 at 1.54GHz and -14.60 at 

1.98GHz is proposed by adopting slot patch configuration. The proposed slot patch 

antenna has a good amount of gain which is also having VSWR lies between 1to 2 

for all desired frequency. As the gain is more than 5dB at a lower frequency, the 

proposed antenna can be used for active navigation radio services. Furthermore, the 

parametric study of an array of the patch and show that more parasitic element gives 

multiple frequency bands and high gain at a lower frequency. As none of the 

multiband antenna designs in this thesis can provide all the navigational frequency 

bands so one of the best way to cover all the frequency bands is to design a wideband 

antenna.  

 A conventional wideband log periodic microstrip antenna without slot and ring is 

designed, which covers the wideband of almost 1.7-4.1GHz. Again, optimized the 

same design by making a slot of 1cm×0.5 cm at end of arm and 0.1cm ring at the 
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outer side which covers the band of 1.04-4.9GHz. So by making the outer ring with 

the same antenna dimensions bandwidth is increased by almost 1.4GHz, and due to 

slot structure antenna able to maintain a good amount of gain along with wide 

bandwidth. By making a slot at the outer side along with ring antenna can provide 

better co and cross polarization with the same bandwidth and same dimensions. As 

focused on navigational application, due to wide bandwidth antenna covers the all 

three navigational frequency band, low L (1.166–1.289 GHz), High L (1.554–1.612 

GHz) and S band (2.482–2.502 GHz), and this antenna has a good amount of gain, 

more than 5dB total gain and more than 3dB for all desired GNSS and IRNSS 

frequency band and also having VSWR lies between 1 to 2, and good bi-directional 

radiation pattern. Based on the comparison between different simulated results, 

fabricated the antenna having slot and ring structure and tested, and measured the 

different antenna parameters like return loss, VSWR and radiation patterns. The 

measured results are almost matched with simulated results. The only problem with 

the previous antenna is that it provides less gain compared to the conventional 

antenna as it provides wide bandwidth. The same problem can be almost resolved 

with one novel design which is dual shorted ring slot loaded design. The last 

optimized design gives the best gain with the almost same bandwidth, and the final 

comparison with an exciting antenna is given in the thesis. So compared to different 

reported multiband and wideband Global navigational antennas, the proposed 

compact wideband log periodic microstrip antenna covers all GNSS and IRNSS 

frequency bands. Along with the navigational application the antenna covers the 

entire L band and S band so the same antenna can be used for other wireless 

communication applications which comes under the L band and S band. 

 

Major Contributions 

 In this thesis, different wideband log periodic microstrip antennas are designed. This 

antenna provides wideband which covers all GNSS and IRNSS frequency band, 

beside wideband antenna also provide high gain at all GNSS and IRNSS frequency 

band. 

 Optimized the conventional design by making the outer ring, slot and dual shorted 

outer ring and improve the antenna parameters like gain, co, and cross polarization, 

also reduce the size of the antenna. 
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 The same simulated antenna fabricated and tested in the RF laboratory. Measured 

results are almost matched with simulated results. 

 All the wideband antennas are designed on the FR4 substrate and still provides good 

results, as the cost of FR4 is very low, so the effective cost of the all proposed 

wideband antenna is also very low. 

 Design different novel slot loaded multiband antenna and for navigational 

applications compare with exciting antenna proposed antenna gives more frequency 

bands.  

Future Scope 

 This method of the wideband antenna can be extended to give circular polarization 

as the proposed antenna provides linear polarization. 

 One can extend this analysis of ring shape like half circle ring square ring and 

furthermore different shape and size of a ring to improve antenna performance.  

 One can extend this analysis of slot shape and size to improve antenna performance. 

 A different feeding network can be designed to achieve furthermore improving in 

antenna parameters like gain co polarization cross polarization return loss etc. 

 The substrate size is 120×120 mm and the actual patch size is 107mm still one can 

miniaturize the size of the antenna and design more compact compared to the 

proposed antenna. 

 Multiband antenna does not have broadside radiation pattern at high frequency so 

one can be optimized and can convert in the broadside radiation pattern. 
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