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The Universal Software Radio Peripheral USRP NI2920, a software defined transceiver so far mainly used in Software Defined
Radio applications, is adopted in this work to design a high resolution L-Band Software Defined Radar system. The enhanced
available bandwidth, due to the Gigabit Ethernet interface, is exploited to obtain a higher slant-range resolution with respect to
the existing Software Defined Radar implementations. A specific LabVIEW application, performing radar operations, is discussed,
and successful validations are presented to demonstrate the accurate target detection capability of the proposed software radar
architecture. In particular, outdoor and indoor test are performed by adopting ametal plate as reference structure located at different
distances from the designed radar system, and results obtained from the measured echo are successfully processed to accurately
reveal the correct target position, with the predicted slant-range resolution equal to 6m.

1. Introduction

Radar systems have been employed for a long time mainly in
military operation, like target detection, target recognition,
surveillance, and other specific applications, such as meteo-
rology and air-traffic control. However, especially in the last
recent years, new kind of large-scale commercial applications
is requiring the standard radar systemoperations, but accord-
ing to significant cost reduction and strong adaptability.
Medical diagnostics and automotives are just some examples
of the possible application fields. According to this new
operating context, Software Defined Radar (SDRadar) could
represent a new challenge in radar technology due to the
possibility of performing most of the basic operations (i.e.,
mixing, filtering, modulation, and demodulation) by simply
employing software modules in order to strike out most of
the specific hardware [1]. Themain goal of a software defined
approach is related not only to a clear cost reduction, but also
to a significant increase of the versatility of the system, since
signal generation and signal processing parameters may be
easily adapted on the fly to the task under consideration. New
researches are recently conducted to implement a SDRadar

for target distance detection [2, 3], but they are based on the
use of sophisticated FPGA and/or DSP, thus being not able to
guarantee the required cost reduction.

A possible solution for a low cost SDRadar system
development can be obtained by the adoption of theUniversal
Software Radio Peripheral (USRP) transceiver. A first attempt
to apply USRP for target detection is performed in [4];
however, due to the bandwidth limitations imposed by the
available USB connection, a limited slant-range resolution
equal to 75m is obtained. Interesting results are presented
in [5–8], where different characterizations of the USRP
N200 e N210 are employed as SDRadar systems. However,
these transceivers are not able to easily design a compact
device; moreover, a full adaptability of the software code
on the fly for different scenarios can be scarcely achieved.
National Instruments (NI) has recently manufactured two
new generation devices, the USRPNI2920 andUSRPNI2921,
successfully combining the NI LabVIEW software and the
USRP hardware to deliver an affordable and easy-to-use
software-reconfigurable RF platform potentially suitable for
experimentation, research, and rapid prototyping [9]. These
devices, as yet used for teaching, communication, andmainly
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Figure 1: Block diagram of the proposed SDRadar system.

in Software Defined Radio applications [10], are considered
in this work as a potential transceiver for a compact and
versatile SDRadar. In particular, as described in Section 2,
USRP NI2920 is employed in a SDRadar design for target
detection.

Since one of the most relevant problems of SDRadar
developing is related to a low slant-range resolution, due to
the low speed of its interface, the main goal of this work is to
explore the potentialities of the NI new generation USRP in
order to enhance this specific parameter, taking advantage of
theGigabit Ethernet Interface. A LabVIEWcode is developed
to both control the features of the SDRadar system as well as
to perform a signal processing compression technique (not
completely suitable for the first generation USRP interface
capabilities), thus achieving a strongly enhanced slant-range
resolutionwith respect to the previous systems. Furthermore,
experimental indoor and outdoor tests are performed in
order to validate the system behavior in terms of target
detection capability. A possible application scenario of the
designed L-Band SDRadar system can be represented by the
landslides monitoring in the presence of vegetated areas.

2. Proposed SDRadar System

The software radar architecture proposed in this work is
developed to create a low cost, compact, and flexible solution
for an accurate target detection; potentially, this scheme can
be easily adopted in different scenarios without significant
hardware modification, thus leading to create a multipurpose
radar system. The complete block diagram of the proposed
SDRadar system is reported in Figure 1. The USRP 2920
platform is used to transmit and receive data by a linear array
antenna with specific bandwidth and directivity features
useful for the prescribed application [11–16].

One of the main motivations for the choice of the
USRP NI2920 is due to the enhanced available bandwidth
(25MHz), when compared to the first version (2MHz), with
the possibility to significantly enhance the radar slant-range
resolution. The whole system is controlled by a LabVIEW
application running on a compact single board computer
(SBC). It is able to perform the required processing for
target detection, but it is designed also to control a motor
system guaranteeing the antenna, thus giving a scanning
feature useful for an accurate surface monitoring in different
directions. A power amplifier (PA) and a low noise amplifier

(LNA) increase the signal power along both the transmission
and the receiving paths, and a circulator can also be adopted
to use a single antenna in both the transmission and the
receiving paths, thus further reducing the total hardware
costs and the size of the entire device.

3. Signal Processing Algorithm

A stretch processor (SP) approach [17], according to the
diagram scheme of Figure 2, is adopted to implement the
signal processing stage. First, the radar echo signal is mixed
with a replica (reference signal) of the transmitted waveform.
Then, a low pass filtering (LPF) and a coherent detection
are performed in order to avoid the high frequency response
coming from the mixer output. Analog to digital (A/D)
conversion is subsequently applied, and a bank of narrow
band filters is adopted to extract the tones proportional to
the target range. Finally, a Fast Fourier Transform (FFT) is
applied to derive the amplitude spectrum, whose peaks are
related to the targets positions.

The adopted transmitted signal is a linear frequency
modulated waveform expressed by the following equation:

𝑠 (𝑡) = cos [2𝜋 (𝑓0𝑡 +
𝜇

2

𝑡
2
)] , 0 < 𝑡 < 𝜏


, (1)

where 𝜇 = 𝐵/𝜏 is the LFM coefficient,𝐵 gives the bandwidth,
𝑓
0
is the chirp start frequency, and 𝜏 is the chirp duration.
The slant-range resolution Δ𝑅 is then provided by the

expression [17]

Δ𝑅 =

𝑐

2𝐵

, (2)

thus being strictly related to the system bandwidth 𝐵.
As imposed by (2), the use of USRP NI 2920 offers a

maximum available bandwidth of 25MHz, leading to have
a slant-range resolution Δ𝑅 = 6m, which is significantly
enhanced when compared to the value Δ𝑅 = 75m achieved
with the first generation USRP, having a bandwidth 𝐵 =
2MHz [4].

On the basis of the outlined SP technique, a sophisticated
algorithm implementing both the signal processing code
and the motor control operations is developed in LabVIEW
code (Figure 3) to obtain the proposed scanning SDRadar in
Figure 1. In particular, the radar system is designed to perform
N distinct scannings on different frames of the area under
analysis (e.g., mountain, landslide, topography surfaces, and
glaciers) through the controlled rotation of the radar antenna
(Figure 4).

The main steps of SDRadar algorithm, whose block
diagram is given in Figure 5, can be summarized as follows.

(1) Parameters definition:

(i) Footprint (antenna illuminating area) of each
scan, defined in terms of distance between the
radar antenna and the analyzed area, azimuth
and elevation antenna beamwidths, grazing
angle, and operating frequency;
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Figure 2: Block diagram of the Stretch Processor technique.

Figure 3: LabVIEW SDRadar application window.

Figure 4: Schematic view of SDRadar antenna scanning.

(ii) Receiving window that ensures the correct
recognition of any type of topology relative to
the surface under analysis, defined by 𝑅min and
𝑅max (minimum and maximum required target
range);

(iii) Total area size, giving the exact number N of
radar scannings necessary to retrieve the total
topology.

(2) Matrix definitions:

The Matrix is composed by 𝑁 rows, corre-
sponding to the 𝑁 produced scanning, and M
columns, depending on the receiving angular
windows.

(3) Main loop implementing the SP algorithm and the
motor control operations.

Once completing thematrix, a color assignment is performed
like in a radar gram [18]. Colors are helpful for the remote
view of the overall topology.

4. Experimental Validations

The performance of the SDRadar system proposed in Sec-
tion 2 is tested in order to verify the proper distance
detection between the radar device and a testmetal plate, with
dimensions equal to 1.22m × 0.91m, placed orthogonally to
the direction of propagation of the radar transmitted waves.
In this particular scenario, antennas are linearly polarized and
the operating central frequency is equal 1.8GHz, so the device
operates as an L-band radar.

Specific outdoor tests are performed on the basic system,
composed by a PC, USRP 2920, and two antennas, in order
to validate the correct behavior of the transceiver in this
scenario, and further indoor tests are performed on the
complete system, described in Figure 1, with the adoption of
the same test target, in order to confirm the enhanced radar
resolution.

4.1. Outdoor Tests. A scheme of the outdoor test setup is
reported in Figure 6. A broadband ridged horn is adopted
as transmitting antenna, while a broadband logarithmic
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Figure 5: Block diagram of the scanning SDRadar algorithm.
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Figure 6: Scheme of the basic system for outdoor test.

Figure 7: Photograph of outdoor test setup.

antenna, with the same linear polarization, is used in the
receiving path.

With reference to the general block diagram of Figure 1,
the circulator, the amplifiers, and SBC are excluded in this
first validation case, in order to test only theUSRPbehavior in
terms of radar capabilities. A calibration step is preliminarily
performed in the absence of the test target, in order to
characterize and subsequently remove the undesired reflec-
tions due to the open measurement environment, otherwise
producing “false” peaks. The test metal plate is subsequently
placed at three different reference distances (6m, 12m, and
18m) from the transmitting/receiving platform, in order to
test the SDRadar slant-range resolution. A noncongested
pedestrian zone (Figure 7) is chosen as test location, in order
to have negligible contribution of multipath. The results of
the FFT processing on the receiving echo for different target

Table 1: Real and retrieved target positions with the NI-USRP 2920.

Real target position [m] Retrieved target position [m]
0 ÷ 6 6
6 ÷ 12 12
12 ÷ 18 18

positions are illustrated in Figure 8, while a comparison
between the true and the software retrieved target positions
is summarized in Table 1.

The results relative to the reconstruction of the three
targets positions are represented in terms of SDRadar map
described in Section 4, but assuming for simplicity 𝑁 = 1
(single scan). The corresponding radar gram, reported in
Figure 9, properly displays the targets positions at 6m, 12m,
and 18m, with three different colors in a gray scale.

The results shown in Figures 8 and 9 confirm the proper
distance detection capabilities and a resolution equal to 6m,
thus being 12 times less with respect to that obtained by using
the first generation USRP in a SDRadar system.

4.2. Indoor Tests. Similar measurements are performed into
the anechoic chamber of the Microwave Laboratory at Uni-
versity of Calabria, in order to test the correct behavior of the
entire compact system illustrated in Figure 1. A broadband
logarithmic antenna is adopted as both transmitting and
receiving device, so the two paths are separated through the
use of a circulator. A scheme of the relative test setup is shown
in Figure 10. As in the outdoor tests, a preliminary calibration
step is performed to avoid false peaks due to reflections in
the path between circulator and antenna, power amplifier and
circulator, and USRP and power amplifier. Again, a copper
sheet is assumed as reference target and positioned at various
distances, multiple of the theoretical range resolution, equal
to 6m.

The results of FFT performed on the received signal are
illustrated in Figures 11 and 12 for target positions equal to
6m and 12m, respectively.

In both cases, the relative amplitude peaks can be properly
distinguished in the diagrams, thus confirming the correct
value of the slant-range resolution.



Journal of Electrical and Computer Engineering 5

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0
−80 −60 −40 −20 0 20 40 60 80 100

N
or

m
al

iz
ed

 am
pl

itu
de

Target at 6
Target at 12

Target at 18

(m)

N
or

m
al

iz
ed

 am
pl

itu
de 1

0.95

0.9

0.85
−15−10 −5 0 6 12 18 25 30 35 40

(m)
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Figure 10: Scheme of indoor test setup.

Finally, two identical metal plates are both placed in the
test zone, the first one at a distance between 0m and 6m and
the second one between 6m and 12m.

Both relative target positions are accurately identified by
the two main peaks corresponding to 6m and 12m (Fig-
ure 13). Other lower peaks, in correspondence with higher
distances multiple of the slant-range resolution, represent
multipaths of the radar signal between the twometallic plates.
However, the low signal corresponding to multipaths does
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Figure 11: Retrieved signal peaks with the target placed at 6m.
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not prevent the correct interpretation of the scene, so indoor
tests on the entire compact device confirm the validity of
proposed approach.

5. Final Discussion

The strong limitation in terms of slant-range resolution, due
to the low data rate available at the interface of the first gen-
eration USRP and the low adaptability of similar transmitter-
receiver devices into a compact device, strongly prevent the
potential use of SDRadar in several new applications; as a
consequence of this, the resolution enhancement, along with
compactness and low costs, is becoming key factor in the
SDRadar research. In this work, the use of the new generation
NI 2920 USRP has been investigated to design a compact
and low-cost SDRadar system able to provide appealing slant-
range resolutions with a strong improvement (from 12m
to 6m) when compared to the solutions existing in the
literature. The effectiveness of the proposed approach has
been successfully proven by indoor and outdoor tests, thus
leading to the attractive possibility of creating multipurpose
and adaptive low cost radar systems to be applied in different
contexts.

6. Conclusions and Future Works

A low cost, flexible, compact, and versatile solution to create
an L-Band SDRadar system has been proposed in this work.
The USRP NI2920 platform has been adopted for the first
time to realize a SDRadar system for target detection. The
main result of integrating NI2920 in the proposed SDRadar
system is related to the significant enhancing of slant-range
resolution (6m) with respect to that achieved in the existing
SDRadar solutions. A specific LabVIEWapplication has been
developed to implement the radar processing algorithm as
well as to control the various components of the system. A
stretch processing approach has been implemented in the
system to fully take advantage of the benefit of the available
enhanced bandwidth. Outdoor tests, using a basic version of
the proposed SDRadar scheme, have been performed, correct
distance measurements between the SDRadar platform and
some metallic sheets have been obtained, and the expected
slant-range resolution has been achieved. Indoor experimen-
tal validations have been also performed to demonstrate the
correct working of the entire proposed system, in the case
of single and multiple targets. As a future extension of this
work, the proposed design will be updated by implementing
supplementary signal processing features on the proposed
SDRadar; for instance, a Doppler shift frequency analysis will
be performed for movement detection, so new functions will
be added to the proposed platform, with no changes in the
hardware design, in order to create, step by step, a simple, low
cost, and multipurpose radar.
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