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Abstract—In our demonstration, we show how cognitive radios
can be organized to form a cooperative ad-hoc cognitive radio
network that utilizes the available spectrum opportunistically
and efficiently through channel allocation while at the same
time avoiding causing interference to primary users as they
become active. Our cognitive radios are Software Defined Radios
consisting of a Linux laptop and a Universal Software Radio
Peripheral integrated with our extended implementation of the
GNU Radio software package and our Localized island Genetic
Algorithm implementation for the channel allocation.

I. INTRODUCTION

One promising technology for dynamic spectrum access
is Cognitive Radio (CR) [1] with its ability to observe
the surrounding network environment and reconfigure itself
to adapt to network changes. However, in order to achieve
a network-wide goal like the efficient spectrum utilization,
CRs need to be organized together in a way that allow for
cooperation and distributed reasoning. A Cognitive Radio
Network allows for such cooperation by integrating distributed
reasoning throughout the network.

In this demonstration, we show how CRs can be organized
to form a cooperative ad-hoc cognitive radio network that
utilizes the available spectrum opportunistically and efficiently.
We achieve this goal through new dynamic channel allocation
algorithm using a localized version of the island Genetic
Algorithm (LiGA). Moreover, we have developed signal detec-
tion and classification system to detect primary users as they
become active and avoid causing interference to primary users.
The following sections introduce the island genetic algorithm
and our system architecture details.

II. ISLAND GENETIC ALGORITHM

Genetic algorithms, in general, are population-based algo-
rithms that incorporate random methods to search spaces that
contain many local maxima and are too large for a complete
search. An island Genetic Algorithm (iGA) is a computation-
ally distributed version of the genetic algorithm that divides
the population into subpopulations, or islands, that interact
through the migration of individuals to other islands [2]. This

migration is performed according to a migration policy, which
defines where and when individuals move.

The iGA, in general, uses global information. Each node
uses the same length and structure for individuals, which in
our channel allocation problem would hold information on all
communication links in the network. Thus, the iGA distributes
only the computation over all nodes, hoping to reach to a
good solution faster by letting every node search the whole
solution space simultaneously and exchanging best individuals
regularly according to a migration policy. In our work, we have
modified the iGA in order to use local information instead of
global information. The LiGA not only distributes computation
over network nodes as with the standard iGA but also limits
the information each node uses and shares with other nodes
during operation. With the LiGA, each node works in solving a
part of the problem and interacts with other nodes to converge
to a network-wide solution. Each node now has to operate
and keep information on outgoing communication links that
originate from all nodes in its interference range instead of all
nodes of the whole network.

III. SYSTEM OVERVIEW

Fig. 1 shows the node architecture for our demonstration.
The following sections briefly describe each of the architecture
components.

A. Radio

To design a fully reconfigurable Physical/MAC layer, we
need a Software Defined Radio (SDR) development platform.
We have chosen GNU Radio as our SDR software architecture
and the Universal Software Radio Peripheral (USRP) device as
our SDR hardware platform. GNU Radio [3] is an open source
toolkit for building software radios. The USRP is an openly
designed low-price SDR hardware platform which implements
radio front-end functionality and A/D and D/A conversion and
uses the Universal Serial Bus (USB2) to connect to the PC that
hosts the device. The USRP is fully supported by the GNU
Radio library. In our demonstration, we will use two USRPs
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Fig. 1. Node Architecture

at each network node: one is for spectrum detection; the other
is for data communication.

 

 
Fig. 2. A Power Spectral Density (PSD) Sensor

B. Spectrum Sweeper - Signal Detector

Our spectrum sensor, relying on a USRP as the RF front
end, is a power spectral density (PSD) sensor. As shown in
Fig. 2, it is a Fast Fourier Transform (FFT)-based energy
detector. It uses GNU Radio and a USRP to collect baseband
signal samples, applies a windowing filter, and then calculates
the FFT. The resulting discrete power spectrum density is
windowed again to reduce noise irregularity. This averaged
spectral data, along with a user specified minimum threshold
are used for energy detection. Any spectral energy above the
threshold is considered active spectrum. Spectrum with energy
below the defined threshold is considered whitespace. Energy
detection is used because of two reasons: fast timing restriction
and lack of knowledge of the incoming signal.

C. Signal Classifier

If a signal is detected, our signal classification algorithm
shown in Fig. 3 is used to classify the received signal and
decide whether it is the primary user or not. The Analog-
Digital classification module is used to categorize the signal
into one of the following: analog AM, analog FM, or digital
modulation. Based on this categorization the next module,
bandwidth estimation, will provide a more accurate result.
The bandwidth estimated in this module will provide enough
information for AM and FM demodulation, before the audio
signal is recovered.

 

Fig. 3. Signal Classifier

If the received signal is a digital signal, the data will be fed
into the symbol timing and coarse classification module. In this
module, symbol rate is estimated and signal is sampled at the
peak of each symbol; meanwhile, the signal is also classified
as QAM or MPSK. This module also tells the order of QAM,
for example: 16QAM, or 64QAM. Carrier synchronization is
used to estimate and compensate the carrier frequency offset
and phase offset. Now all the information required for digital
demodulation will have been extracted from the incoming
signal, and we can finally implement demodulation. Having
the knowledge of the features of the primary users, all signals
that content these features are considered as primary users. If
the signal is classified as a primary user/signal, an entry will be
inserted into radio observation database to mark this channel
as unavailable, otherwise this channel will be considered free
to be used by secondary users.

D. Observation Database - Radio Database

Databases of our architecture are implemented in MySQL.
The radio observation database combines neighboring nodes’
spectrum detection results and stores them in a table that
includes active primary users signals’ carrier frequency, band-
width, power, modulation, sensor label (to be replaced by
sensor location when available), and the time that each signal
was observed. Based on this table, each node is able to identify
available channels.

E. MAC Layer

Since our channel allocation algorithm does not guarantee
a conflict free assignment, we use a multiple access technique
to access the allocated channel. We use a modified implemen-
tation of the Carrier Sense Multiple Access with Collision
Avoidance (CSMA/CA) as our MAC protocol. When a node
has some data to send, it first checks the link-channel mapping
for the allocated channel to the required destination. If there
is no assignment (possibly because of node mobility or new
node just joined the network), the Rendezvous protocol is
used to communicate with the required destination. If there is
allocated channel, the node then checks the free channel table
to ensure that this channel is still available for use and sends
the data using our CSMA/CA implementation. If the channel
is not currently available because of a primary user activity, the
Rendezvous protocol is used to communicate with the required



destination and this link-channel relation is inserted into the
link-channel mapping table.

F. Ad-hoc Routing Protocol

In this demonstration, we use an open source implemen-
tation of Optimized Link State Routing (OLSR) [4] as our
routing protocol. OLSR is a proactive link-state routing pro-
tocol which uses Hello and Topology Control (TC) mes-
sages to discover and then discriminate link state information
throughout the ad-hoc network. Individual nodes use this
topology information to compute next hop destinations for all
nodes in the network. With its underlying MultiPoint Relays
(MPRs) technique, routing control messages and migration
information of the LiGA can be delivered to all designated
destinations with substantial reduction in the communication
cost compared to the classical flooding mechanism.

G. Exchange Controller

The Exchange Controller is responsible for exchanging
information (observations/knowledge) with external nodes.
The exchange controller uses OLSR-like control messages to
relay spectrum information requests and migration information
messages from the LiGA to neighboring nodes. The exchange
controller receives spectrum information replies from other
nodes and uses them to maintain other nodes’ spectrum in-
formation stored in the radio observation database. Moreover,
the exchange controller responds to other nodes’ spectrum
information requests with spectrum detection results stored in
the radio observation database. The exchange controller and
all iGA components are coded using C++ language.

H. Island Genetic Algorithm Controller

The island Genetic Algorithm Controller is responsible for
monitoring the system performance and deciding when it is
necessary to optimize the current network configuration as
well as how the LiGA process should be configured. The
controller also communicates with other nodes to trigger
their LiGA processes and collects topology and spectrum
information changes since last trigger.

I. Configuration Database - Link-Channel Mapping

The configuration database is used to maintain the final
solution of the LiGA. Once the LiGA Channel Allocator
finishes its work, the final link-channel mapping is stored in
a table in the configuration database. This table is then used
as a reference whenever this node wants to communicate with
any other node.

J. Island Genetic Algorithm Channel Allocator

The main task for the Localized island Genetic Algorithm
(LiGA) in this demonstration is to search for the best possible
link-channel mapping to maximize the utilization of the avail-
able spectrum. We emphasize here that we are planning to use
the LiGA in a more general way as the distributed reasoning
algorithm for Cognitive Networks and that this demonstration
is acting as a proof of concept. Our previous works, using
different variations of the iGA in [5] and [6], reveal that the

iGA is a promising algorithm to solve more communication
and network problems.

After the iGA controller decides to trigger another round
of the LiGA process of this node, the iGA controller com-
municates through the exchange controller with other neigh-
boring nodes to trigger their LiGA processes and collects the
necessary topology and spectrum information for the LiGA
process to work. The LiGA then starts with the last population
from the last run as the initial population for the next run (the
first run-first population is randomly generated). Using the last
population to seed the new run improves the iGA performance
in case of few network changes while a diversity technique,
similar to the one used in [7], is used to avoid premature
convergence.

In our implementation, we use a simple communication-
efficient migration policy in which each node shares with
its neighbors only the channel assignment of its outgoing
links from its best individual, every fixed migration interval.
Each node receiving information from any other node will
merge this information with all its individuals if the merged
information will give better fitness. Otherwise the receiving
node will merge it with only part of its population that is
proportional to the fitness of the best individual without the
merged information to the fitness with the merged information.
This forces each node to consider solutions of other nodes
even if it will produce lower fitness individuals than are in
the current generation. The main advantage of our LiGA over
the standard iGA that uses global information is its scalability
with the network size without increasing the time complexity.

IV. CONCLUSION

In this paper, we have presented architecture for a cognitive
node that can cooperate with other network nodes to utilize
the available spectrum opportunistically and efficiently through
channel allocation. We have then introduced the Localized
island Genetic Algorithm as our architecture distributed rea-
soning algorithm to perform the channel allocation. We have
briefly described each of our node architecture components.
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