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Abstract 

Software-Defined Radios (SDR) are a step forward in the evolution of wireless communications. 

Through well-established programming tools including, but not limited to, VHSIC Hardware 

Description Language (VHDL), C++, MATLAB, and Python, an engineer can accomplish many 

challenging and interesting tasks that were not possible before, such as interrogate and analyze 

Radio-frequency identification (RFID) tags, create a GSM mobile station, or even track aircrafts 

through Mode S transmissions. The SDR sets itself above traditional technologies through 

flexible applications and ease of use, and has great potential for wireless communications and 

networking research, as well as for enhancing the undergraduate wireless engineering 

curriculum. This paper details the design and implementation of an indoor GPS repeater that 

records GPS signals to playback into a building, where no GPS coverage is available. The 

playback GPS signals will be transmitted on the original GPS spectrum band, i.e., L1 at 1575.42 

MHz, so that an ordinary GPS device can receive them. The Universal Software Radio 

Peripheral (USRP) N210 is used alongside RF daughterboard WBX (50 MHz - 2.2 GHz) and 

configured through the GNU Radio open source software. The experiments performed 

demonstrate the USRP’s ability to record and playback GPS signals that can be received and 

processed by an off-the-shelf GPS device in the indoor environment. In addition to the technical 

goals, we also intend to fully develop this project and integrate it with an SDR lab course that is 

under development at Auburn University, to exploit the high potential of SDR as an effective 

teaching and learning tool for undergraduate wireless engineering education. 
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Introduction 

The Software Defined Radio (SDR), as its name implies, performs signal processing of wireless 

radio waveforms using a piece of software executed on a computing platform. With SDR, a radio 

can be reconfigured on-the-fly. Software-Defined Radios (SDR) are a step forward in the 

evolution of wireless communications. Through well-established programming tools including, 

but not limited to, VHSIC Hardware Description Language (VHDL), C++, MATLAB, and 

Python, an engineer can accomplish many challenging and interesting tasks that were not 

possible before, such as interrogate and analyze Radio-frequency identification (RFID) tags, 

create a GSM mobile station, or even track aircrafts through Mode S transmissions. The 

flexibility offered by SDR also allows implementation of radio communication systems that are 
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interoperable among different standards, protocols, frequency bands, user requirements and 

functionalities
1
.  

The SDR sets itself above current technology through flexible applications and ease of use, and 

has great potential for wireless communications and networking research
2
, as well as for 

enhancing the undergraduate wireless engineering curriculum
3,4,5

. With a pre-existing 

background in signal processing, a student can easily be taught how to apply their signal 

processing knowledge to build a working radio, which makes classroom teaching of abstract 

communications and signal processing theory tangible.  

Recognizing the high potential of SDR for teaching and student learning, many universities are 

beginning to offer SDR projects or courses
3,4,5

. Students usually have access to many 

undergraduate courses focused on mathematics and theory, but relatively less on hands-on work. 

By introducing labs that offer an approachable, hands-on experience, students can exercise their 

lessons in ways more applicable to the real world. To this end, SDR has a great potential to serve 

as a highly effective instruction tool for wireless engineering.  

This paper details the design and implementation of an indoor GPS repeater that records GPS 

signals to playback into a building, where no GPS coverage is available. The playback GPS 

signals will be transmitted on the original GPS spectrum bands, i.e., L1 at 1575.42 MHz, so that 

an ordinary GPS device can receive them. The Universal Software Radio Peripheral (USRP) 

N210 is used alongside RF daughterboard WBX, which can operate in the wide frequency band 

between 50 MHz - 2.2 GHz, and configured through the GNU Radio open source software
6
. The 

experiments performed demonstrate the USRP’s ability to record and playback GPS signals that 

can be received and processed by a standard GPS device in the indoor environment. In addition 

to the technical goals, we also intend to fully develop this project and integrate it with an SDR 

lab course that is under development at Auburn University, to exploit the high potential of SDR 

as an effective teaching and learning tool for enhancing undergraduate wireless engineering 

education. 

In the remainder of this paper, we will first present the preliminaries on SDR, GPS signals, and 

other required equipment for the project. We then describe the SDR design of the GPS signal 

repeater and our preliminary test results. We conclude the paper with a discussion of future 

work. 

Software-Defined Radio 

As discussed, an SDR is a radio whose entire protocol stack, including the physical layer, is 

entirely software defined
1
. This allows the radio to be configurable to multiple purposes over 

different frequency bands or protocols, making the SDR invaluable in operations that require 

multiple protocols or frequency bands. This is a breakthrough over the majority of standard radio 

equipment, which are essentially hardware radios.  

To achieve these goals, specific hardware designs are required to be flexibly reconfigurable for 

different waveforms, protocols, and frequency bands. This issue becomes irrelevant for the SDR 

thanks to its software base. If for any reason at all, a different modulation technique or protocol 

needs to be used, the solution is as simple as loading the appropriate code to the SDR platform. 
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This is drastically different from the traditional approach of adopting multiple chipsets. The 

result is a diverse, adaptable device that is able to adjust itself to support different waveforms 

and protocols all by uploading the proper code to it, thus enabling a great degree of 

reconfigurability and interoperability of the radios.  

The hardware design of the SDR can be best illustrated with the ideal SDR, as shown in Figure 

1. For RF reception, the signal received by the antenna is amplified by a low-noise amplifier 

(LNA), and is then converted into a digital signal by its analog-to-digital converter (ADC). On 

the transmission side, the digital signals are converted to analog through a digital-to-analog 

converter (DAC) and amplified through a power amplifier (PA), which then gets transmitted. 

The baseband processor in the daughterboard takes care of all the physical layer filtering, 

modulation, and conversions. Therefore, various applications/protocols/waveforms can be 

implemented in software and run on the SDR hardware platform, which consists of a field-

programmable gate array (FPGA) and a general purpose processor (GPP).  

 

Figure 1  Block diagram of an ideal SDR
1,2

. 

Global Position System (GPS) Signal 

GPS signals consist of a few sets of frequencies specified for different purposes. As shown in 

Figure 2, civilian usage is governed by the L1 frequency (1575.42 MHz) that transmits the 

Course/Acquisition code (C/A code)
 7

. All satellites transmit this C/A code with a pseudo-

random (PRN) code at 1.023 Mbps unique to each satellite and orthogonal to each other. This 

allows receivers to be able to distinguish these codes to reconstruct the actual message data using 

the corresponding C/A code. This is a form of Code Division Multiple Access (CDMA) in that 

the different satellites are distinguishable even though they transmit at the same frequency.  

 

Figure 2  Illustration of the modulation and demodulation of GPS signals. 
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In addition to distinguishing satellites from each other, a receiver must be able to obtain their 

positions. This information is modulated on top of the C/A code at 50 bps and is called the 

Navigation Message. This Navigation Message is split up into 3 parts. The first part is the GPS 

date and time along with the satellite status. The second part is the ephemeris data that allows the 

receiver to determine the satellite’s position. The ephemeris data is good for up to 4 hours. The 

third part is the almanac information, which contains information about all satellites including 

their positions and PRN codes. The almanac information is considered good for 180 days. The 

main purpose of the almanac information is to assist the receiver in determining which satellite it 

needs to look for, and identifying its unique PRN code. Then, the receiver downloads the 

ephemeris data from that satellite.  

For civilian use, the L1 frequency is used with BPSK modulation for transmitting the C/A code. 

After demodulation, the signals are separated using their unique binary codes referred to as 

“Gold Codes.” There are up to 32 different Gold Codes of 1023 bits that are used. They appear to 

be random, but are actually deterministic with an extremely long period. The signals are decoded 

using modulo 2 addition of the Gold Codes from satellites n1 to nk, which are the PRN 

identifiers of the satellites.  

If the receiver has acquired the satellite it requires from the almanac information, it looks to 

identify the corresponding satellite. Otherwise, it enters a search mode to obtain the almanac 

information. After decoding, the resulting data is the Navigation Message at a data rate of 50 

bps. In order for all of these to work, however, an unobstructed line of sight (LOS) path is 

required between the satellite and the GPS receiver. This will be discussed a little bit later into 

the paper.  

Experiment Setup 

The goal of this project is to design an SDR based GPS repeater that can be programmed to 

record and replay GPS signals. That is, if the GPS signals are suitably recorded, it could be 

played back to a standard GPS receiver that initially does not have LOS paths to the satellites.  

The specific SDR used is the USRP N210 model made by National Instruments (NI). This 

particular SDR communicates with a computer through a Gigabit Ethernet connection with a 

data rate of 1000 Mbps. The daughterboard used is the WBX daughterboard that can 

transmit/receive signals in the range from 50 MHz to 2200 MHz, which includes the L1 

frequency band. Since the daughterboard lacks internal attenuators, we also adopt a 30 dB 

attenuator for the playback GPS signal at the output of the SDR, so that the GPS receiver won’t 

be overloaded. This attenuator also ensures that other GPS receivers that may present in the 

neighborhood won’t be interfered.  

Because the lab station is indoors, a GPS specific antenna is connected to the roof that is drawn 

down to the receiver of the SDR
8
. The off-the-shelf GPS receiver used in the experiment is a 

Garmin Nuvi 760. This one is chosen because it has an antenna port on the back. The transmitter 

of the SDR is directly connected to this antenna port. For the software configuration, Ubuntu 

12.04 is the operating system for a desktop computer and GNU Radio Companion (GRC) for the 

design of the GPS repeater. Another important piece of equipment is the GPSD-O (GPS 

Dedicated Oscillator) as the clock source for the USRP. Without this, a recorded signal will not 
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be able to be properly decoded by a standard GPS receiver. The setup with the USRP and 

receiver is illustrated in Figure 3 and a photo of the testbed setup is shown in Figure 4. 

The GPS antenna receives GPS signal that is wired into the lab room. The signal is amplified by 

50 dB. The USRP N210 SDR platform coverts the analog GPS signal into digital signals for 

storage in the computer. The computer runs the GRC, which saves the digital GPS signal during 

the receiving phase. Then the stored signal is transmitted to the USRP N210 for playback. The 

USRP N210 converts the digital signal into an analog signal and transmits it in the indoor 

environment. The GPS receiver then receives the playback analog GPS signal and computes its 

current location. 

 

Figure 3  Block diagram of the GPS repeater testbed. 

 

Figure 4  Testbed setup with the GPS receiver and the USRP. 

SDR GPS Repeater Design and Test Procedure 

The GPS Repeater is implemented with GNU Radio and executed in the USRP N210. Figure 5 

presents the GRC design. The blocks on the left side are constants used throughout the program. 

System parameters such as the sampling rate, bandwidth, name of the program, and gains are 

defined here to be used throughout the process. We have two different setups for recording and 

playback, respectively. The top two blocks were not used for this test. The USRP blocks can be 

adjusted to be centered at a specific frequency (in this case the L1 GPS frequency), and to have a 

gain value set to them along with a bandwidth, and other various functions. Another important 



2015 ASEE Southeast Section Conference 

© American Society for Engineering Education, 2015 

parameter is the clock and time source. Both of these must be set to the GPSD-O in order to 

properly capture and playback usable GPS signals. Finally, the antenna setting is chosen. There 

are two antennas on a USRP, i.e., TX/RX and RX2. RX2 is used for recording and TX/RX is 

used for playback.  

 

Figure 5  GRC blocks for the SDR GPS repeater design. 

For the test procedure, the first step is to confirm that the GPS receiver does not receive a signal 

while being inside the building. Figure 6 shows that the Garmin Nuvi 760 does not receive a 

signal while in the building. The next step is to connect the USRP to the GPS antenna on the 

roof. Ten minutes of signal footage is recorded to ensure that the connection is secure and that 

the receiver has enough time to find a position during playback. After this is done, the antenna is 

connected to the receiver along with a 30 dB attenuator, as shown in Figure 3. Using two or more 

attenuators resulted in a much too low signal strength that the receiver could not pick up.  

During recording, the USRP source and the File Sink are the blocks used. The USRP receives the 

antenna signal, amplifies it by 50 dB, and acts as a ‘source’ to the GRC. This data captured by 

the USRP is then sent to the File Sink, which saves the captured data into a ‘.dat’ file. There is 

also an FFT tool in GRC that can display the captured data in a window to show what is being 

captured. Figure 7 shows the window seen at the time of recording. Since GPS is barely above 

the noise floor, it is not clearly visible. 
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Figure 6  The receiver does not acquire the satellites while indoors. 

 

Figure 7  FFT of the recorded GPS data. 

After recording is done, it is time to switch over to the playback. The GRC design is switched to 

playback the captured signal to the GPS receiver. This setup includes the bottom two blocks 

“File Source” and “USRP Sink” in Figure 5. At this time, the process is effectively reversed. The 

file becomes a source and the data is sent to the USRP as an output. From this point the signal is 

sent out to the GPS receiver.  
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Preliminary Results 

We conduct some preliminary experiments with the SDR-based GPS repeater system. Figure 8 

shows that the receiver did properly obtain the position of the building, while Figure 9 shows 

that the GPS receiver even had a good reception. The experiments performed demonstrate the 

USRP’s ability to record and playback GPS signals that can be received and processed by a standard GPS 

device in the indoor environment. 

We also find that even a student who lacks extensive knowledge on GPS signals and signal 

processing can perform this experiment after completing the several basic SDR labs we 

developed earlier. All that it comes down to is connecting a few things in the physical realm and 

then changing some settings in the GRC blocks. Then record the signal and play it back. With 

the SDR hardware/software platform, all of these become not very difficult to program. This 

project can serve as a simple introduction tool on how to work with an SDR. This project can 

also be used to enhance classroom teaching and learning with respect to many important topics 

in wireless engineering, such as modulation/demodulation, direct-sequence spread spectrum 

(DSSS), code division multiple access (CDMA), satellite communications, and GPS, among 

others.  

Conclusions and Future Work 

Thanks to its versatility and smooth learning curve, SDR’s are not only the future of wireless 

communications and networking, but also a useful instructional tool for wireless engineering. In 

this paper, we presented a project on building an SDR-based GPS repeater. The focus was on 

demonstrating how an SDR records and plays back modulated signals. This project could be 

useful to offer undergraduate students a hands-on and simple programmable experience to test 

out the abstract communications theory.  

For future work, we plan to tackle the more challenging problem of decoding the captured GPS 

signal through an SDR implementation. We also plan to fully develop this project and integrate it 

with an SDR lab course that is under development at Auburn University, to exploit the high 

potential of SDR as an effective teaching and learning tool for enhancing undergraduate wireless 

engineering education.  
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Figure 8  The standard GPS receiver correctly found the position from the replayed GPS signal. 

 

Figure 9  The standard GPS receiver had high signal strength while connected to the USRP-based GPS 

repeater. 
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