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ABSTRACT

A need for increased link capacity in the upcoming military
communication systems can be foreseen where new services
such as streaming video will increase the throughput require-
ments.

This paper describes a testbed architecture based on the
GNU Radio Software Defined Radio (SDR) platform to-
gether with the Universal Software Radio Peripheral ver-
sion 2 (USRP2). The architecture is constructed for imple-
mentation of techniques like Multiple Input Multiple Output
(MIMO), Adaptive Coding and Modulation (ACM) and Dy-
namic Spectrum Access (DSA) that will increase the link ca-
pacity in military applications. The testbed is intended to ver-
ify simulated results with realistic channel conditions and en-
vironments, and to demonstrate the benefits of the mentioned
technologies.

1. INTRODUCTION

In the civilian market the next generation of mobile communi-
cation begins to take form with the longterm evolution (LTE)
standard. The LTE standard improves the link capacity with
use of various technologies such as Multiple Input Multiple
Output (MIMO), Adaptive Coding and Modulation (ACM)
and spectrum flexibility [1], [2]. The same techniques used
in the LTE standard are also interesting for military applica-
tions, but the frequency ranges, the operational use and the
requirements differ. Furthermore, in some military scenarios
there may be no infrastructure to rely on and in addition the
communication systems can also be intentionally interfered.

When introducing new military communication services
such as blue force tracking, video streaming etc the require-
ments on the communication links become more demanding.

The links have to be more robust against interference and the
throughput have to increase without loss in the quality of ser-
vice.

The operative military communication system is often de-
signed with a fixed modulation and coding scheme to be ro-
bust in all types of scenarios. The drawback with a fixed
scheme is that the link capacity is limited in favour of making
the link robust against channel variations over the time. In-
stead of using a fixed scheme, ACM can be used to optimize
the coding and modulation scheme over the time, where the
channel conditions varies. With this technique the link can
have maximum throughput and still be robust [3].

Another technique that can increase the throughput and/or
the robustness of a link is MIMO. The MIMO technique uses
more than one antenna on the receiver and the transmitter to
achieve multiple parallel channels [4].

Until now the military have had rights to use a lot of fre-
quencies but the trend now is that the amount of frequen-
cies are decreasing and besides that frequencies are a cov-
eted resource. Frequency utilization measurements on the
other hand show that the utilizations varies a lot over the time
and that there is an opportunity to utilize the spectrum even
more [5]. By finding the time slots where the frequencies
are unused, a secondary user could utilize these time slots
until the primary user resumes. This concept is called Dy-
namic Spectrum Access (DSA) and could be useful for mil-
itary radio communication systems as they often operate in
new, unknown environments where the frequency spectrum
allocation is unknown and where the radio system may be ex-
posed to intentional interference in electronic warfare attacks.
If the system is jammed, this technique would leave the in-
terfered frequency and initialize communication on another
frequency.

All together, ACM, MIMO and DSA are promising tech-
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niques to be used in the future military communication sys-
tems. However, these techniques have to be tested in realis-
tic scenarios and the implementation complexity needs to be
studied further.

There are other projects where testbeds are proposed.
However, the architecture of these testbeds are often depen-
dent on the current application or the complete testbed tends
to be too large to move out of the lab. For example, in [6]
a testbed for spectrum sensing and DSA is presented using
the Universal Software Radio Peripheral (USRP) hardware.
The testbed dynamically allocate different sub-carriers in an
OFDM waveform based on the output of an energy detector.
In [7] a testbed for MIMO were built, based on field pro-
grammable gate arrays (FPGAs). The testbed operates at the
industrial, scientific, and medical (ISM) band at 902 - 928
MHz, which are much higher frequencies than we are inter-
ested in for military purpose and the testbed is also very spe-
cific for MIMO.

In this paper we propose a general architecture for a
testbed of high capacity techniques like ACM, MIMO and
DSA in military applications. We also suggest a suitable soft-
ware defined radio (SDR) platform for the testbed to be im-
plemented on. The architecture is designed to be flexible and
to utilize the selected SDR-platform and extend it to fulfill
the requirements for the different techniques. Furthermore,
we have identified and managed crucial design issues for the
different high capacity techniques in our architecture.

2. PLATFORM

Although SDR is software-based, RF front-ends are neces-
sary and play a crucial role in all applications. There are sev-
eral commercially available RF front-ends to choose from,
most of them assosiated with different software radio pack-
ages. A comparison of the most common SDR platforms is
done in [8].

There are a few different available SDR platforms to
implement the testbed on. For this work we have cho-
sen GNU Radio together with the Universal Software Ra-
dio Peripheral version 2 (USRP2). The reasons behind
this decisions are its available signal processing blocks, that
the USRP2 is favourably priced, its support for frequen-
cies around 300 MHz, bandwidths around 20 MHz and that
this platform has gained a wide-spread use by several re-
searchers [9], [6], [10].

GNU Radio is a free software development toolkit for

SDR, with support for use with the USRP2 [11]. There are
over 100 signal processing blocks in the library, ready to use.
Signal processing blocks are implemented in C++ and later
linked together in Python. Instead of connecting the blocks
with Python code, there is also a graphical interface where
blocks are linked together by clicking on the block and con-
necting them with wires. All source code is open and it is
possible to write your own signal processing blocks.

The USRP2 follows a basic concept with the RF front-end
located at plug-in-able daughterboards, ADC/DAC and Digi-
tal Down Conversion (DDC) located at the motherboard and a
wired Gbit-Ethernet connection to a personal computer (PC).
The USRP2 sample clock rate is 100 MHz and it is possible
to synchronize the USRP2 with an external reference clock
and 1 Pulse Per Second (1PPS) signal [12]. The cost of a
motherboard plus a daughterboard is about $1700.

3. ARCHITECTURE

The proposed architecture was generalized in order to be able
to use the same foundation for various purposes simply by
adding specific functions or blocks. Thus, to introduce mod-
ularity and extendability, all signal processing blocks (SPB)
were separated from the control unit and the application spe-
cific blocks (ASB). The system architecture overview is seen
in Fig. 1.
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Figure 1: An overview of the proposed GNU Radio testbded archi-
tecture.

3.1. SPB

In the suggested architecture the SPBs are essentially com-
plete signal processing blocks in GNU Radio but custom
made GNU Radio blocks are also possible to use. These
blocks are connected to either the receiver side bus or the
transmitter side bus where they are provided with sample
data. Coding, orthogonal frequency division multiplexing
(OFDM), performance estimation, spectrum sensing etc. are
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typical SPBs in the architecture.

3.2. ASB

The ASBs are blocks that include functionality that do not
perform signal processing based on sample data as the SPBs
do. The ASBs make their decisions based on information
from various SPBs, passed to the block through the control
unit. The decision is then fed back through the control unit to
the appropriate SPB.

An ACM or a DSA functionality could be an example of
an ASB.

3.3. Control unit

The control unit has control over the SPBs and can change
settings based on decisions made by the GUI or by an ASB.
Different performance measures and other calculated results
from the SPBs are also forwarded to the appropriate blocks
by the control unit.

3.4. Control signaling

To achieve a self controlling radio, various parameters of the
signal processing blocks (SPB) have to be adjusted by the
radio itself. There are different ways the parameters can
change; either synchronously with the samples or immedi-
ately (asynchronous).

SPB1
Sample

Control
SPB2

(a) Synchronous

SPB1 Sample SPB2

Control Unit

Control Control

(b) Asynchronous

Figure 2: Control signaling.

In the GNU Radio framework there is not yet any func-
tionality for synchronous control signaling. There was a func-
tionality called m-blocks for this in previous versions but it is
now mitigated [13]. Instead of porting the old m-block to the

current GNU Radio release 3.3 we plan to use the samples
passing functionalities for synchronous control signaling.

When the control signal is passed synchronous with the
samples through the blocks, see Fig. 2a, the blocks con-
tain a table of all parameters that can be changed during run-
time. The control signal is limited to one byte to minimize the
memory usage and will select one of the parameters from the
table. Before the block starts to consume samples the control
signal will reconfigure the block. The parameter table will
however limit the blocks to the parameters in the table.

For the blocks that can be controlled asynchronously, see
Fig. 2b, the parameters can be changed in two ways; either
they use a table of permitted parameters or the parameters
can be passed directly to the block. The parameters can be
passed directly to the blocks because they do not need to be
passed with every sample and therefore this will not increase
the memory usage significantly. This will not limit the pa-
rameters to a certain predefined set.

4. VERIFICATION

The verification process of the SPB is of great importance,
and for each of the SPBs a unit test will be created. When all
the SPBs pass the tests, the system will be verified against a
matlab reference model of the complete architecture.

When moving the design to the complete software and
hardware based system, there will most likely be some im-
plementation loss compered to the reference model. Possible
implementation loss is one of the results that are interesting
to investigate further to be able to see the limitations of the
testbed and the aspects of a real (non simulated) testbed or
system.

5. APPLICATIONS

The proposed testbed architecture is flexible and can be used
for several applications. Applications may include their func-
tionality in different ABSs and their signal processing in dif-
ferent SPBs. Our interests are in high capacity techniques
like ACM, DSA and MIMO and the next step is to implement
these applications in the testbed. Each of the these appli-
cations have specific implementation challanges and aspects
that have been taken into consideration in the architecture.
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5.1. ACM

The simplest form of the ACM block may use a lookup ta-
ble to choose modulation size and coding rate based on one
or several channel parameters. However, it is also possible
to extend the ACM block with a cognition node so that the
decision of modulation size and coding rate are made using a
self-learning algorithm.

In our architecture, the ACM implementation is an ASB.
The ACM block is responsible for selecting the optimal set-
tings at the moment so that the link capacity is maximized.

The ACM block will communicate with the control unit
which in turn will change settings based on the decisions
made by the ACM block. The ACM block will receive feed-
back and performance measures from the control unit gath-
ered from SPBs.

With the ACM functionality it becomes important that the
information about current settings are distributed in a struc-
tured manner. When the adaptation is performed on a packet
basis, the transmitter can perform asynchronous signaling of
settings (Fig. 2b). However, the receiver may need syn-
chronous control signals between blocks (Fig. 2a).

5.2. DSA

Based on the output from a SPB that performs spectrum sens-
ing the DSA ASB finds the optimum frequency allocation
for the moment. In the decision phase this ASB considers
the current frequency utilization and possibly also the feed-
back of previous made decisions. The decision could then be
stored to later be utilized in future decisions. From the deci-
sion of the ASB the control unit will select which sub-carriers
to be used in the OFDM-waveform during the next packet and
the other sub-carriers will be left unused.

The spectrum sensing is very crucial for the DSA algo-
rithm, therefore several different spectrum sensing methods
can be implemented like; energy detection, impulsiveness ra-
tio (IR) [14] and amplitude probability distribution function
(APD) [15] as they perform different. The energy detec-
tion method is a suitable detector for continuous interference
that can be approximated as additive white Gaussian noise
(AWGN), for example a TV-transmitter, while this kind of de-
tector is less suitable when the interference has an impulsive
behavior. The IR method and the APD method on the other
hand have better performance for impulsiveness interference.

5.3. MIMO

It is important to take the amount of data samples into con-
cideration when working with MIMO since multiple antennas
implies multiple sample streams. It is important to locate the
system bottleneck and minimize the consequences. This has
been discussed in [16].

The MIMO setup in Fig. 3 was selected where multiple
USRP2 units are connected to multiple Ethernet cards on the
host and synchronized with a reference signal from a GPS.
Unlike the configuration with a MIMO-cable [12] where the
USRP2-units are ordered in a master and slave configuration
and only the master is connected to the Ethernet interface to
the host, this setup will not introduce a bottleneck in the Eth-
ernet interface when using several USRP2 units.

Figure 3: An example on MIMO configuration with multiple
USRP2 units.

In a MIMO system implementation it is important to
make sure that all antennas in each node are synchronous.
The receiver needs to sample the data from the antennas and
keep the data synchronous through the digital signal process-
ing. Since the setup with several independent USRP2 units is
used, this becomes more crucial. This area has been exam-
ined and concluded in [17]. It is also important to synchro-
nize the transmitting antennas, this is supported in the USRP2
and GNU Radio libraries but the accuracy needs to be further
investigated.

6. CONCLUSION AND FURTHER WORK

In this work a SDR platform have been suggested and an ar-
chitecture have been proposed to fit the applications and tech-
niques of interest. The architecture is to be seen as a frame-
work to meet the requirements of the applications to be imple-
mented. Furthermore, critical design issues for ACM, MIMO
and DSA have been discussed.
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The implementation of the architecture is at the moment
in working progress and the first applications to be imple-
mented are DSA and MIMO. Our further work will also in-
clude tests of the mentioned high capacity techniques using
the testbed.
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