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Abstract- A Software Defined Radio (SDR) is a radio which can
tune to any frequency band, transmit and receive different
modulations and different physical parameters across a large
frequency spectrum by using a programmable hardware and
powerful software. An SDR performs significant amounts of
signal processing in a general purpose computer, or a
reconfigurable piece of digital electronics or the combination of
both. In this paper, we seek to explore the viability of using
GNU Radio; an open source SDR implementation and the
Universal Software Radio Peripheral (USRP); an SDR
hardware platform, to transmit and receive the OFDM radio
signal with QPSK and BPSK modulation. Quality of Service
(QoS) in terms of Packet Received Ratio (PRR) on the data
transmitted will then be investigated and analyzed.

Keywords— Software Defined Radio, GNU Radio, USRP,
OFDM, QoS and PRR.

I. INTRODUCTION

The term “Software Defined Radio” (SDR) was introduced
by Joseph Mitola from MITRE Corporation in 1991. His first
paper on SDR [1] was published in 1992 at IEEE National
Telesystems Conference. Though the concept was first
proposed in 1991, software-defined radios have their origins
in the defense sector since the late 1970’s in both the U.S.
and Europe. One of the first public software radio initiatives
was a U.S. military project named SpeakEasy [2]. Examples
of radio terminals that require support include hand-held,
vehicular, airborne and dismounted radios, as well as base-
stations; fixed and maritime.

Software Defined Radio (SDR) is where all the signal
manipulations and processing works in radio communication
are done in software instead of hardware. So, in SDR, signal
will be processed in digital domain instead in analog domain
as in the conventional radio. The digitization work will be
done by a device called the Analog to Digital Converter
(ADC). Fig.1 shows the concept of Software Defined Radio.
This figure shows that the ADC process is taking place after
the Front End (FE) circuit. FE is used to down convert the
signal to the lower frequency called an Intermediate
Frequency (IF); this is needed due to the limitation of the
speed of current Commercial of The Shelf (COTS) ADC. The
ADC will digitize signal and pass it to the baseband processor
for further processes; demodulation, channel coding, source
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coding and etc. In conventional radio, all this processes are
done in hardware.

In general, Software Defined Radio (SDR) is defined as a
software based communication platform which characteristics
can be reconfigured and modified to perform different
functions at different times.
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Fig. 1. Software Defined Radio Block Diagram

II. GNU RADIO AND USRP

Universal Software Radio Peripheral (USRP) is a flexible
low-cost platform for SDRs developed by Matt Ettus [3].
USRP consists of two main boards; the daughter board and
the mother board. The mother board consists of four 12-bit
Analog to Digital Converter (ADC) with sampling rate up to
64MS/s, four 14-bit Digital to Analog Converter (DAC) with
speed up to 128MS/s, two Digital up Converter (DUC) to up
convert the baseband signal to 128MS/s before translating
them to the selected output frequency, a programmable USB
2.0 controller for communication between USRP and GNU
Radio and an FPGA for implementing four Digital Down
Converter (DDC) and high rate signal processing. The
daughterboard is acting as the RF front-end of the SDR.
There are four slots on the motherboard which are used to
connect the daughter boards with the mother board. Two of
the four slots, labeled TXA and TXB, are meant for the TX
daughterboard while another two, RXA and RXB, are for the
RX daughterboard.

GNU Radio is an open source software toolkit which
consists of signal processing blocks library and the glue to tie
these blocks together for building and deploying SDRs [4].
The signal processing blocks are written in C++ while python
is used as a scripting language to tie the blocks together to
form the flow graph. Simplified Wrapper and Interface
Generator (SWIG) is used as the interface compiler which
allows the integration between C++ and Python language.
Fig.2 shows the structure of GNU Radio and USRP SDR.
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The USRP will digitize the inflow data from the air and
passing it to the GNU Radio through the USB interface. GNU
Radio will then further process the signal by demodulating
and filtering until the signal is translated to a packet or a
stream of data.
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Fig. 2. GNU Radio Components

III. ORTHOGONAL FREQUENCY DIVISION MULTIPLEXING
(OFDM)

OFDM is a frequency-division multiplexing (FDM)
scheme utilized as a digital multi-carrier modulation method.
A large number of closely-spaced orthogonal sub-carriers are
used to carry data. The data is divided into several parallel
data streams or channels, one for each sub-carrier. Each sub-
carrier is modulated with a conventional modulation scheme
(such as quadrature amplitude modulation or phase shift
keying) at a low symbol rate, maintaining total data rates
similar to conventional single-carrier modulation schemes in
the same bandwidth.

OFDM offers several advantages over other transmission
technology such as high spectral efficiency, robustness to
fading channel, immunity to impulse interference, capability
of handling very strong multi-path fading and frequency
selective fading without having to provide powerful channel
equalization.
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Fig. 3: An OFDM transceiver Block Diagram.

The basic principle of OFDM is to split a high-rate data
stream from a data source into N lower rate streams. These
streams are then individually modulated by using M-ary
phase shift keying (PSK) or M-ary quadrature amplitude
modulation (QAM). These streams are transmitted
simultaneously over N orthogonal subcarriers using a serial-
to-parallel (S/P) converter. These data over subcarriers are
summed up to yield an OFDM symbol. Mathematically, if
Xmk k=0,1,...,N— 1, represents the complex input
symbols of the k-th subcarrier at the m-th time instant, N is
the number of subcarriers, and T the symbol duration, then
one OFDM symbol starting at t = t; in complex baseband
notation can be written as:
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The receiver performs the reverse operation of the
transmitter that is mixing the RF signal to baseband for
processing. Then, the signal is low pass filtered, converted to
digital signal using an analog-to-digital (A/D) converter, and
down sampled. The serial stream of sampled time signal is
converted into parallel streams by the S/P converter and the
cyclic prefix is discarded from the received composite signal,
7mn. Then, the DFT is used to transform the time domain data
into frequency domain [5]:
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These parallel streams are then demodulated to yield digital
data and are multiplexed together using the parallel-to-serial
(P/S) converter to yield the serial bit stream, and delivered to
the data sink.

IV.EXPERIMENTAL SETUP

Fig.3 shows the experimental setup for the experimental
study of OFDM SDR implementation utilizing GNU Radio
and USRP. Four experiments have been conducted and the
performance in terms of PRR (Packet Received Ratio) has
been analyzed and reported in this paper. Two USRP, one
Laptop and one personal computer (PC) were used to run
these experiments. The PC with USRP A acts as the receiver
while the Laptop and USRP B acts as the transmitter.
Daughter boards used for these experiments are RFX2400
which can cover frequencies from 2.3GHz to 2.9GHz. For
software part, the reconfigurable benchmark ofdm_tx.py and
benchmark_ofdm_rx.py in /gnuradio/gnuradio-example/
python/ofdm/ are used. The distance of USRP A to USRP B is
660 mm. Experiments are conducted indoor. However, there
is a neighboring access point to consider which can interfere
with the USRP frequencies. Therefore, the USRP center
frequency is set at 2.5GHz to avoid the interference and
jamming with the said access point operating at 2.4 GHz. The
aim of these experiments is to determine the relationship
between PRR and Power Transmit (P,) which utilizes OFDM
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environment using USRP. In these experiments, PRR is
measured for two different modulations: BPSK and QPSK
and varying FFT bins, 256 and 512.

Fig. 3. GNU Radio Architecture test bed

In these experiments, we considered the relationship between
DAC values and its power, Pgac, is shown in equation 1.

DAC Palue

Poge = TR % 10mW

3)

where 10mW is the maximum output power of the DAC chip
used in the USRP. There is a Programmable Gain Amplifier
(PGA) on the receiver side of the USRP which can give a
gain up to 20dB. So the total power transmit is given as
below;

FidB) = Pa (ab)l + Figa idEB}
(4)
where Py, used in this experiment is 10dB and P, is the

power output from PGA. The PRR are plotted with the DAC
values which are related to P..

V. EXPERIMENTAL RESULTS

The first experiment is done using OFDM with BPSK
modulation and 512 FFT bin. The graph of the DAC value

(which is proportionate to P;) versus PRR is shown in Fig. 6.
The graph shows that the PRR values increase drastically
when the DAC values change from 0 to 1000. After the 1000
mark, the PRR stabilizes at 0.98 to 1.00. Therefore, the
transmitter has to set its DAC value at least to 1000, so that
98% or more of the packets transmitted will be successfully
received. However, none of the data can be received if the
DAC value is set at less than 180 due to the low transmitted
power.
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Fig.6 PRR for OFDM with BPSK modulation with 512 FFT bin

Second experiment aims to evaluate the performance in
terms of PRR for OFDM with BPSK modulation and 256
FFT bin. Graph of DAC wvalues versus PRR for this
experiment is shown in Fig. 7. According to this graph, we
need to set the DAC value at more than 2000 to achieve PRR
more than 0.98.This graph also shows that the receiver cannot
receive a single correct data if the DAC value is less than 240
due to similar reason mentioned before.
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Fig.7 PRR for OFDM with BPSK modulation with 256 FFT bin

The third experiment is done by using the OFDM with
QPSK modulation and 512 FFT bin. Figure 8 shows the PRR
measurement versus the DAC values for this experiment.
This graph shows that 0.98 PRR value can be achieved if the
DAC value used is higher than 2000 and the packet is totally
lost if the DAC value is less than 270.
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Fig.8 PRR for OFDM with QPSK modulation with 512 FFT bin

The last experiment is for evaluating the performance in
terms of PRR for OFDM with QPSK modulation and 256
FFT bin. Graph of PRR versus DAC values for this
experiment is plotted as shown in Fig. 9. 98% or more of
received data can be successfully achieved with DAC value
higher than 3000. The data is completely lost if the DAC
value is less than 450.
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Fig.9 PRR for OFDM with QPSK modulation with 256 FFT bin

VI. CONCLUSION

The results show that OFDM with BPSK modulation gives
a better performance of communication compared to the
OFDM with QPSK in terms of PRR. This is in line with the
theory as the error distance of BPSK is larger than QPSK due
to its optimum signaling format, referred as antipodal
signaling [21]. Similarly, the performance of PRR against the
FFT length is in accordance with the theory [22]. The greater
the length, the less the error and hence, a better PRR will be
observed.

In conclusion, the radio parameters such as modulation,
FFT bin and power used should be carefully chosen to
achieve optimum performance of communication.
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