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DESIGN OF A DUAL-BAND CIRCULARLY POLARIZED  

ANTENNA FOR A GALILEO DEMONSTRATOR 

 

CChhaapptteerr  11    
          IInnttrroodduuccttiioonn 

 
This chapter tries to show the reader a general view of the project. The 

principal motivations of the Thesis as well as the motivations of the GALANT 

project are presented in the following lines. Moreover, the objectives and 

characteristics needed for the GALANT antenna will be justified explaining the 

characteristics of Galileo.  

Furthermore, the first version of the antenna (wideband) designed for the 

GALANT project will be described in order to help the reader to understand the 

new specifications.  

 

1.1. Motivation 
 

The future navigation services provided by upcoming satellite systems like Galileo will 

require corresponding improvements on the navigation receiving systems. Interference and 

multipath signals can cause serious performance degradations that cannot be tolerated for 

Safety-of-Life (SoL) applications. To overcome this problem, new beam-forming and signal-

processing algorithms will be employed. They enable a more accurate and reliable navigation 

solution by suppressing interference and multipath signals and improving the reception of 

useful line-of-sight satellite signals. For the development and testing of these algorithms and 

in order to demonstrate new applications the Institute of Communications and Navigation is 

in charge of building up a GNSS receiver demonstrator (GALANT) with improved 

capabilities for interference and multipath mitigation by utilization of array processing 

techniques. The aim is to develop a complete Safety-of-Life (SoL) receiver system including 

array antenna, RF front-end, digital signal processing, navigation solution and integrity 

assessment. This receiver must be designed using the state-of-art knowledge in navigation in 

order to show the maximum performance of Galileo. 

An antenna with special features must be developed in order to fight against the 

interferences and the multipath. Moreover the antenna must be capable to acquire the signal 

from the low and the high frequency bands of Galileo. 
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1.2. Galileo Navigation Satellite System 
 

 

In order to understand the motivation of the GALANT project and the features needed 

for the antenna designed in this Thesis, an overview of the Galileo Navigation Satellite 

System is presented in the following lines [GAL03]. 

Galileo is Europe’s initiative for a state-of-art global navigation satellite system 

(GNSS), providing a highly accurate, guaranteed global positioning service under civilian 

control. While providing autonomous navigation and positioning services, Galileo will at the 

same time be interoperable with GPS and GLONASS, the two other global satellite 

navigation systems. By offering dual frequencies as standard, however, Galileo will deliver 

real-time positioning accuracy down to the meter range, which is unprecedented for a publicly 

available system.  

It will guarantee availability of the service under all but the most extreme circumstances 

and will inform users within seconds of a failure of any satellite. This will make it suitable for 

applications where safety is crucial, such as running trains, guiding cars and landing aircraft. 

The combined use of Galileo and other GNSS systems will offer much improved 

performances for all kinds of user communities all over the world.  

Galileo comprises a constellation of 30 satellites – 27 satellites with 3 operational in-

orbit spares – in medium-height circular orbits (around 24.000 km. above the Earth’s surface). 

These satellites – the space segment – are supported by a network of ground stations 

providing system and satellite monitoring functions and control centres – the ground segment. 

Within the ground segment supplementary information is collected and broadcast in real-time 

via the navigation messages from the satellites to advise users about the immediate 

performance of the navigation signals and to advise about any malfunctions and degradations.  

The Galileo infrastructure will provide five positioning services: 

 

� The Galileo Open Service (OS) 

� The Safety-of-Life (SoL) Service 

� The Commercial Service (CS) 

� The Public Regulated Service (PRS) 

� The Search and Rescue Service (SAR) 

 

The GALANT receiver focuses its design in the Safety-of-Life Service. This service 

will be used for most transport applications where lives could be endangered if the 

performance of the navigation system is degraded without real-time notice. The Safety-of-

Life Service will provide the same accuracy in position and timing as the Open Service. The 

main difference is the world-wide high-integrity level for safety-critical applications, such as 

maritime, aviation and rail transport, where guaranteed accuracy is essential. The Safety-of-

Life Service will be certified and its performances will be obtained by using certified dual-

frequency receivers. 
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The mapping between signals and reference services is shown below in Table 1.1: 

Signal 

Id Name  

Central 

Frequency 

MHz 

Chip rate 

Mchip/s 

Ranging 

Code 

Encryption 

Data rate 

Symbol/s 

(bit/s) 

Data 

Encryption 

Reference 

Service 

1 E5a-I data 1176,45 10 None 50(25) None OS/SoL 

2 E5a-Q pilot 1176,45 10 None No data - OS/SoL 

3 E5b-I data 1207,14 10 None 250(125) Some OS/SoL/CS 

4 E5b-Q pilot 1207,14 10 None No data - OS/SoL/CS 

5 E6-A data 1278,75 5 Government tbd Yes PRS 

6 E6-B data 1278,75 5 Commercial 1000(500) Yes CS 

7 E6-C pilot 1278,75 5 Commercial No data - CS 

8 E2-L1-E1-A data 1575,42 M Government tbd Yes PRS 

9 E2-L1-E1-B data 1575,42 2 None 250(125) Some OS/SoL/CS 

10 E2-L1-E1-C pilot 1575,42 2 None No data - OS/SoL/CS 

11 L6 downlink data 1544,10 - - - - SAR 

 

Table 1.1 Mapping between Galileo signals and services 

 

In this table we can see how the frequency bands reserved for Galileo Safety-of-Life 

services have the central frequencies at 1176,45MHz, 1207,14MHz and 1575,42MHz. 

 

In the following picture we can see how is distributed the L band. We can observe how 

between the LF band and the HF band of Galileo there are civil radars emitting a high signal 

power.  

 

Figure 1.1 GPS, Galileo and GLONASS frequency bands 

The receiver has to reject the civil radar band as much as possible in order to avoid 

interferences. That means starting to attenuate those bands from the antenna, designing a 

dual-band radiator with a maximum frequency rejection in the band between both SoL 

Galileo bands. 
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1.3. The GALANT Receiver 
 

The GALANT receiver architecture is described in the Figure 1.2 [GAN07]: 

          

Figure 1.2 GALANT receiver architecture 

 

Ideally, the perfect antenna array element would present a symmetric radiation pattern 

with perfect right hand circular polarization (RHCP) in the complete hemisphere for the 

whole frequency band, and would provide a constant gain for any direction subjected to a 

beam steering operation. However, fulfilling all the necessities is a very challenging task and 

there is always a trade-off among the objectives. The overall size of the array must not exceed 

50x50 cm
2
. This means considering that the distance of the L-band elements should be about 

one-half wavelength at the centre frequency, that the antenna array can have 25 elements in a 

5x5 element configuration at the most (At the considered GPS/Galileo frequency band the 

wavelength is around 20 cm). 

After the antenna, a splitter separates the received, pre-amplified signal of each antenna 

element into three parts E5, E6 and E1 frequency bands of which each is processed by a 

different front end. 

The first part of each front end is a RF band-pass filter in order to suppress the out-of-

band signals. Subsequently the signals are amplified by two RF amplifiers before they are 

down-converted to IF. 

The down-conversion of the GALANT front end is done by image-reject mixers which 

suppress the mirror frequencies by more than 35 dB. After the analog down-conversion the 

signal is amplified by a variable-gain amplifier before entering the anti-aliasing low-pass 

filter.  

The analog-to-digital conversion is performed by a standard low-pass sampling 

approach. The analog IF-data is digitised with 12 bit resolution and 250MSPS. Afterwards the 

digital data is transferred to the digital receiver board via a LVDS (low-voltage differential 

signalling) interface. The 12 bit conversion provides a high dynamic in order to cope with the 

relatively high power of potential interferers compared to the Galileo/GPS signals. 
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The digital receiver will perform the acquisition and tracking of the navigation signals. 

For this purpose, the correlations of the received signals with local reference codes for each 

satellite and each frequency band along with code and carrier tracking loops have to be 

implemented. The idea of GALANT is to perform beam-forming after correlation; therefore 

the correlation has to be done for each antenna element. These calculations will be 

implemented in FPGAs for enabling real time operation.  

The SW-Receiver is responsible for the navigation solution and integrity processing, but 

may also include some parts of the digital receiver.  

 

1.4. The first prototype of the GALANT antenna 
 

A prototype for the GALANT antenna has been already designed and tested in the 

Antenna Group of the Navigation Institute. It consists on a single-feed wideband microstrip 

antenna with RHCP polarization [GAN08].  

 

 

Figure 1.3 First prototype of the GALANT antenna 

 

The Figure 1.3 shows a photograph of the first prototype of the GALANT antenna. As 

can be seen in the picture, the main resonator is a circular patch. Also the SMA connector can 

be observed in that picture.  

The Figure 1.4 shows the architecture of the single radiator and how the array can be 

constructed. The antenna consists in 9 layers. The top layer contains the main resonator. After 

a thin dielectric layer we can see the four feed plates. The feed plates radiates a 0, 90, 180, 

270 phase shifted signal respectively in order to achieve the circular polarization. After a low-

permittivity thick dielectric (foam), there is one layer with the 90° Hybrids and below there is 

another with the 180° Hybrid. The interconnection between layers is made with vias.   



DESIGN OF A DUAL-BAND CIRCULARLY POLARIZED  

ANTENNA FOR A GALILEO DEMONSTRATOR 

 

 

INTRODUCTION 

Enrique Nova Lavado 

February 2009 
-6- 

 

Figure 1.4 Architecture of the antenna array 

 

The key point in order to achieve the wide bandwidth (S-Parameters under -10 dB 

between 1.164GHz and 1.591 GHz) is the utilization of a thick dielectric layer with a low 

permittivity.  The Axial Ratio on the whole band is below 3 dB if the phase on the feed plates 

is shifted 90° correlatively.  

However this antenna has some drawbacks. The first one is that being a wideband 

antenna, all the interferences of the civil radars placed in the middle of the L-band will be 

received. Therefore the order and thus the complexity of the filters at the receiver will 

increase.  

The second drawback resides in the complexity of obtaining a 90° phase shift over 4 

ports in a wideband context. The 90° hybrids and the 180° hybrid should be adapted in the 

middle of the band (approx. 1.4 GHz), and therefore the phase shift and the transmission 

coefficient of the ports are not optimal at the beginning (1.164GHz) and end (1.591 GHz) of 

the band. Since the Galileo bands are at the beginning and the end of the antenna band, the 

axial ratio will not be optimal in those bands.  

The third drawback of this antenna is the difference between the radiation pattern of the 

lower band and the radiation pattern of the higher band as can be observed in the Figure 1.5. 

For the intended application of this antenna is important to have a wide and similar radiation 

patterns on both Galileo bands.  

 

Figure 1.5 Simulated Radiation Patterns of the first prototype antenna 



DESIGN OF A DUAL-BAND CIRCULARLY POLARIZED  

ANTENNA FOR A GALILEO DEMONSTRATOR 

 

 

INTRODUCTION 

Enrique Nova Lavado 

February 2009 
-7- 

The Figure 1.5 shows how for low elevation angles, the gain of the HF band is very 

small compared with the gain of the HF band. Moreover, this radiation pattern would make 

very difficult the beamforming of the array and would be almost impossible to aim to 

elevation angles near to the horizon with a good gain.  

 

1.5. Objectives 
 

The aim of this Master Thesis is to design a radiator that must fulfil several 

specifications according to the GALANT project described in the section 1.3. The Institute of 

Navigation decided to design and build a second prototype of antenna for the GALANT 

receiver after realising of the several drawbacks of the first prototype as explained on the 

section 1.4.  

The new specifications of the GALANT antenna are the following: 

� Radiation frequency bands:  E5a-E5b Galileo Bands (1164 MHz to 1215 MHz)  

 L1 Galileo Band (1559 MHz to 1591 MHz) 

� Right-hand circular polarization (RHCP): Axial ratio below 3 dB in both bands.  

� Cross-polarization suppression: At least 15 dB. 

� The return loss should be under -10 dB in both frequency bands.  

� The gain at 85º (from the boresight) should be at least -4.5 dBi in both frequency 

bands. 

�  The antenna should have two isolated output ports, one port carrying the low band 

and the other carrying the high band.  

As pointed out before, the frequency bands are the Safety-of-Life bands for Galileo. The 

Figure 1.1 show how those frequency ranges are distributed in the L-Band spectrum.  

The polarization must be RHCP. Galileo uses circular polarization in order to avoid the 

first order multipath. When a signal coming from a satellite gets reflected in a building, the 

polarization of that signal changes to LHCP. Therefore this multipath signal will be rejected 

by the antenna.  

In order to be able to aim the satellites near the horizon with the array, it is necessary to 

obtain a wide radiation pattern in the single radiator. The objective for this antenna is to have 

-4.5 dBi of gain at 85° from the boresight direction.  

In the first part of the Thesis, a research will be carried out in order to find which 

radiator structure matches our specifications. In a second stage, the antenna radiator structure 

must be developed in order to fulfil the specifications. This stage will consist in simulating the 

structure in applications like Ansoft Designer 4.0 and Ansoft HFSS 11. In a third stage, the 

antenna will be constructed. Finally, the radiator will be measured and the results will be 

compared with the simulations.  

The last objective is very important to facilitate the design of the front-end of the 

receiver. Moreover having two isolated outputs will help to have a better axial ratio and 

reduce the weight and the dimensions of the antenna.  

 


