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Abstract— This work focusses on the hardware development 
of a GNSS software radio receiver to work at the L1 band, also 
known as the civilian use band. GNSSs are the latest radio 
navigation systems in widespread use. The United States Global 
Positioning System (GPS), the Russian GLONASS and the 
European Union Galileo positioning system form the core of 
satellite navigation systems. 

In a software defined GNSS receiver, the whole signal 
processing is defined in software. By using such a system, the 
receiver can be reconfigured depending on the application, 
providing the receiver with enhanced adaptive capabilities. 

The key points of the system are its versatility and flexibility 
and high configurability, offering the highest performance and 
integration, both for the expert and for the less acquainted user, 
making it a very competitive solution. 

The design approach is presented and all the hardware and 
software developed for this work is explained in detail. The 
system validation was successfully performed in the field with 
real environment constraints, proving its capabilities. 

 
Index Terms— Global Navigation Satellite Systems (GNSS), 

Software-defined radio (SDR), Ethernet, CPLD 
 

I. INTRODUCTION 

The core satellite navigation systems currently are GPS, 
Galileo and GLONASS, three systems developed by three 
political and economic powers, which are in various states of 
maturity and robustness. The GLONASS satellite designs 
have undergone several upgrades, with the latest version 
being GLONASS-K. 

With GNSS, availability of two or more constellations, 
more than doubling the total number of available satellites in 
the sky, will enhance service quality, increasing the number 
of potential users and applications. 

Traditional GNSS receivers designs are based on closed 
hardware implementations and signal processing. In an effort 
to take advantage of the rapid innovation of this technology, 
turning to open architecture systems and software defined 
radios (SDRs) is the alternative to traditional receiver closed 
system designs. Compared with traditional receivers, the SDR 
has much more flexibility, especially in the GNSS receiver 
area [1]. This makes SDRs an ideal platform for 
development, test of algorithms and integration with other 
devices without the need of hardware replacement. This 

would likely be impractical to be done in traditional receivers 
and is one key element to keep pace with the changing 
technology without the cost of a complete redesign. 

A SDR consists of two components, the hardware front-end 
implementation and the software signal processing, both 
presented and described throughout this document. A well-
designed hardware ensures a proper functioning and a good 
foundation capable of being updated, extending the life-time 
of the product. 

II. GPS, GALILEO AND GLONASS INTEROPERABILITY 

“Interoperability refers to the ability of global and regional 
navigation satellite systems and augmentations and the 
services they provide to be used together to provide better 
capabilities at the user level than would be achieved by 
relying solely on the open signals of one system.”, [2]. 

At system level, interoperability is viewed as the capability 
to provide the same navigation solution, within their 
respective system accuracy, by all systems. Thus, it is possible 
to say that in terms of system interoperability, the three 
systems (GPS, Galileo and GLONASS) are interoperable, 
although a solution of signal interoperability must be 
analysed. 

Signal interoperability is achieved when the signals 
provided by different systems are similar enough to allow a 
GNSS receiver to use those signals with minor modification. 
In [3], the following factors were considered for signal 
interoperability: 

Characteristics, such as modulation, signal structure or 
selection of the codes that require only software modifications 
at the receiver can be considered to not affect interoperability. 
As a consequence of this, only CDMA satellite systems can 
fulfill this requirement, which is not the case of GLONASS 
which uses FDMA. Thus, GPS and Galileo are Signal 
Interoperable with regard to the L1 and L5/E5a frequencies 
and both free services. GLONASS is not Signal Interoperable 
with GPS or Galileo, but it is System Interoperable according 
to the definition given earlier. Once again it should be noted 
that the GLONASS modernization program will change this 
issue giving a huge step into full GNSS interoperability. As 
for now, different frequencies may introduce frequency biases 
and degrade accuracy. Front-ends with a larger bandwidth, or 
multiple front-ends, will be necessary. 
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Interoperability is one of the mechanisms to achieve a 

Global Navigational Satellite System of systems. However, 
the independence of the systems also provides greater 
reliability and integrity contributing for a less vulnerable 
system. It also brings the advantage of being independently 
operated therefore providing redundancy to the GNSS user 
community, hence increasing the market confidence on the 
technology. 

III. SYSTEM ARCHITECTURE 

A basic software-based GNSS receiver is composed of two 
main parts. The first part covers the hardware which is 
responsible for the RF to digital conversion. The second part 
is the software processing, which performs acquisition and 
tracking of the received signals, as well as the necessary 
algorithms for the computations of the receiver PVT. 

Figure 1 shows the proposed hardware architecture for the 
GNSS software receiver. This architecture is composed by 
four main blocks of mixed signals. 

 
Figure 1 – Proposed system architecture. 

The RF front-end designated was MAXIM MAX2769 [4]. 
The device integrates two internal LNAs, one for use with 
passive antennas set to high-gain mode and the other LNA 
for use with an active antenna, set to work in low gain mode. 
The signal is then downconverted directly by a quadrature 
mixer, using the integrated sigma-delta fractional-N 
frequency synthesizer as seen in Figure 2. 

 
Figure 2 - PLL frequency synthesizer. 

The signal is then filtered by a configurable complex 
band-pass filter or a low-pass filter. Subsquently the signal is 
digitized by the internal ADC with a resolution of 1 to 3 real 
and complex bits. 

The glue-logic is implemented using a CPLD. This glue 
logic implementation is a switchable 1 to 4 input, serial-in, 
parallel-out (SIPO) / parallel-in, parallel out (PIPO), 
depending on the number sampling bits, where the CPLD is 
used to buffer the ADC data. This adaptation is necessarily 
made by a PLD due to the high sampling rate of the output in 

both the I and Q channels. 

The system MCU core features a 10/100 Mbps Ethernet 
MAC controller based on a high-performance 32-bit RISC 
CPU offering speed and performance at low cost. In addition 
to the 10/100 Base-T controller, it features 4 channels of the 
synchronous serial SPI module and 8 channels for the direct 
memory access (DMA) controller, used for data transfers 
between any memory mapped addresses without CPU 
intervention. 

Data transmission is handled through the Ethernet 
protocol, also known by standard IEEE 802.3, the most 
common protocol used at the physical layer. An Ethernet 
physical layer transceiver (PHY) is the device that operates at 
physical layer to connect a link layer device, MAC, to a 
physical medium. It implements the hardware send and 
receive function of Ethernet frames. 

A single port RJ45 connector with integrated magnetics for 
10/100Base-T PoE enabled applications is used. 

IV. SOFTWARE 

Software has been developed and can be divided into 
in-chip software, also known as firmware, PC acquisition 
software 

A. Firmware 
A firmware application was developed. Since a high speed 

throughput of data is required, the application implements a 
UDP server. This application is responsible for the interface 
management and data capture. Three data captures are 
supported by the system. Timed capture, where capture is 
performed for a submitted period of time, in seconds. Size 
capture, a submitted size value, in KB, is captured. And direct 
stream to a destination IP. 

1) Embedded Webserver 
A webpage was designed, see Figure 3, to provide an easy 

method to view and control status information and 
configurations. The advantage of using the HTTP server in 
the embedded system is that no client application is required 
to communicate with the system, since the interaction is done 
over a standard web browser.  
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Figure 3 – Embedded Webserver main page. 

Real-time status information of system can be verified and 
if the case asserted. 

The user has the possibility to carry out a data transmission 
to a destination IP, asserting the desired acquisition 
parameters. 

There is a RF front-end configuration window, where 
customized settings can be asserted, giving the user the 
control of the PLL, AGC, ADC, Filter, etc… 

B. JAVA GNSS IF Streamer 
An interface with a PC was developed, for that purpose, a 

Java application was designed to allow the configuration and 
sample capture raw data from the system board. 

The application is capable of detecting the system board in 
the network. 

Front-end configurations can be made, with the most 
common RF configurations for data acquisition aiming for an 
easier user configuration. 

On the other hand, the application has the ability to 
customize and initiate capture with the three possible 
acquisition methods. 

V. MEASUREMENTS AND SYSTEM VALIDATION 

A. Measurements 
The test setup used to characterize the complete 

EtherGNSS v3 system is illustrated in Figure 4. 

 
Figure 4 – Test setup used for characterization of the system. 

The system set to the default power-up states. LNA1 input 
was driven from a 50Ω active antenna. RF measurements 
were done in both analog output mode with the ADC 
bypassed and also in digital mode, by observing the ADC 
most significant bit. The PGA was set to Automatic Gain 
Control (AGC). 

Case 1 
For the usage of the system on the L1 frequency band to 

acquire the GPS L1 Narrowband constellation signal, the 
following configurations were set: fS = 16.368 MHz, 
IF = 4.092 MHz, FilterBW = 2.5 MHz, fVCO = 1571.328 MHz. 

Figure 5 shows the spectrum at the mixer output analog 
signal. A clearly defined narrow pass band filter spectrum can 
be seen, which validates the configuration settings above. 

 
Figure 5 – Case 1 – GPSL1 narrowband analog output signal spectrum. 

Figure 6 shows the digital spectrum of the output digital 
signal most significant bit. Four tones can be clearly 
identified: the first one, at 4.092 MHz, corresponds to the IF 
navigation data frequency; the third tone is the sampling 
frequency at 16.368 MHz; the other two tones correspond to 
the sampling components 16.368 ± 4.092 MHz. 
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Figure 6 – Case 1 – GPSL1 narrowband digital output signal spectrum. 

Case 2 
For the usage of the system on the L1 frequency band to 

acquire the GPS L1 and Galileo L1 constellations signals, the 
following configurations were set: fS = 16.368 MHz, 
IF = 2.046 MHz, FilterBW = 4.2 MHz, fVCO = 1571.328 MHz. 

Figure 7 shows the spectrum at the mixer output analog 
signal. In this spectrum a 4.2 MHz pass-band filter can be 
seen, for the IF of 2.046 MHz. Once again configuration 
settings were validated. 

 
Figure 7 – Case 2 – GPS & Galileo L1 analog output signal spectrum. 

Figure 8 shows the digital spectrum of the output digital 
signal for the GPS and Galileo L1 frequencies. Again, the 
spectrum has four tones: the first one, at 2.046 MHz, 
corresponds to the IF navigation data frequency; the third 
tone is the sampling frequency at 16.368 MHz; the other two 
tones correspond to the sampling components 
16.368 ± 2.046 MHz. 

 
Figure 8 – Case 2 – GPS & Galileo L1 digital output signal spectrum. 

Case 3 
For the usage of the system on the L1 frequency band to 

acquire the GLONASS FDMA Wideband constellations 
signals, the following configurations were set: 
fS = 16.368 MHz, IF = 0 MHz, FilterBW = 18.8 MHz, 
fVCO = 1602 MHz. 

Figure 9 shows the spectrum of the output analog signal. 

 
Figure 9 – Case 3 – GLONASS wideband analog output signal spectrum. 

Figure 10 shows the digital spectrum of the output digital 
signal for the GLONASS frequency band. In this case, 
distinct from the previous, the digital spectrum results on 
low-pass configuration up to sampling frequency spur. 

 
Figure 10 – Case 3 – GLONASS wideband digital output signal spectrum. 

B. Complete system acquisition validation 
For the validation of the system, it was required to go to the 

field to test the whole system with real GNSS signals. In 
order to attain this goal, a one set of signal acquisitions where 
performed in a geodetic marker. Thus, it is also possible to 
derive the deviation of the navigation solution comparing to a 
well know coordinates. 

Initial signal acquisition was made with configuration 
settings of narrowband Case 1 in a 1-bit I and Q channel 
mode. 

Figure 11 shows the characteristics of the acquired signal. 
In the frequency domain plot it is clearly visible the shape of 
the IF filter in a well-defined signal. 
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Figure 11 – Probed signal acquisition 1. Case 1 configurations. 

The results of the navigation solution are presented in 
Figure 12. With a coordinate variation bellow ±2 m for 
easting and northing coordinates, demonstrating a good 
acquisition. 

 
Figure 12 – Navigation solution for acquisition 1. 

The resulting variation from the reference if show in 
Table 1. 

Table 1 – Acquisition 1 coordinates deviation. 
 Latitude Longitude 

Deviation +0.89 m -1.02 m 
North coordinate shows a very accurate position value, 

with a deviation of +0.89 m, whereas the West coordinate 
indicates a deviation of -1.02 m from the know reference 
coordinate. 

 
Since Galileo current on-sky satellites have two spreading 

codes, both codes are truncated gold codes, no real acquisition 
could be made for Galileo navigation system. Nevertheless an 
acquisition test was made to prove the system compatibility 
with Galileo. 

Figure 13 illustrates the acquisition characteristics of the 
acquired signal. Acquisition was made with configuration 
setting of Case 2 in 1-bit I and Q channel mode. 

 

 
Figure 13 – Probed signal acquisition 2. Case 2 configurations. 

Finally a GLONASS acquisition was tested. An acquisition 
test was made with configuration setting of wideband Case 3 
in 1 bit I and Q channel mode 

Figure 14 presents the recorded signal spectrum. Zero 
frequency corresponds to GLONASS channel 0 at 1602 MHz. 

 
Figure 14 - Probed signal acquisition 3. Case 3 configurations. 

This signal acquisition did not return any acquired 
satellite. This result is probably caused either by the use of a 
GPS active antenna with insufficient bandwidth to 
accommodate the GLONASS signal spectrum or a possible 
inadequate programming of the front-end frequencies. 
Unfortunately, the MAX2769 datasheet lacks much of the 
information required to adequately program it for GLONASS 
reception. The chipset manufacturer (MAXIM) has been 
contacted about this but no response has yet been received. 
More testing needs to be made in order to adequate the 
configurations on the front-end to guarantee GLONASS 
acquisition. Nevertheless the characterisation of the system 
for GLONASS navigation system proves the ability to acquire 
in the Galileo L1 band. 
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Table 2 – Overall EtherGNSS v3 Features and Specifications 

Power supply +3.3 V to +10 V 
Current consumption 205 mA 
Antenna Connectors 2x MMCX 

Support of Active Antenna Yes, maximum 50 mA @ 4.5VDC 
RF Frequency Range 1530 < 1575.42 < 1670 MHz 

Bandwidth 2.5 / 4.2 /  8 MHz / 18 MHz 
Intermediate Frequency 4.092 MHz (Configurable) 

Analog IF Output Available 
Internal TCXO Yes, @ 16.368 MHz 

Sample Rate 4.092 / 8.184 / 16.368 MHz 
Sampling Resolution Up to 4 bit 

Clock Output Available 
Digital Data Interface Ethernet 10/100 Base-T 

Digital sampling modes Per Time / Per Size / Stream 
 

VI. CONCLUSION 

Overall, the elaboration of the system was a success, 
proving the concept and obtaining very good results. 

Further developments on the system are needed namely to 
improve radio frequency interference (RFI) like modifying the 
PCB substrate, gold coating, EMI/RFI shielding, among 
others, aiming for a better RF immunity, this precautions will 
significantly enhance the acquisition performance. 

It is also important to note that the future of the 
modernization programs of already implemented navigation 
systems is to increase use of the civilian band and decrease 
use of more specific frequency bands. For example, the 
GLONASS-K will also transmit on the 1575.42 MHz L1 
band using CDMA. 
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