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Application of cognitive radios as the wirelessntgrals in ad hoc networks

emergency situations has distinct advantages. Bé&@adwidth, interoperability
avoidance of interference, and gamaming capabilities are a few such advges.
This paper deals with ad hoc networks incorporatgl cognitive radios, which ac
as wireless terminals, that can be used in emeyganhations and can be referred tc
Emergency Cognitive Radio Ad Hoc Networks (EmergeB&RAHNS). In this pape
we propose the collaborative spectrum sensing rdethgy using Cognitivi
Collaborators where multiple cognitive radios opermgether such that reliability
spectrum sensing in improved. This proposed sygtleys a vital role during disast
managerant. In disaster management situations, the nesuaskally depend on pub
networks such as GSM & GPRS. These public netwarkslikely to get overloade
resulting spectral bandwidth limitations to the timédia applications and also
worst cases ese denial of service. Usage of cognitive radiosnrergency situatior
has the potential of alleviating the spectrum stg®t problem by dynamical
accessing free spectrum resources. Such CRAHNsiderdiexibility in terms ol
frequency of operation dhe ad hoc network. Cognitive Radio improves thecepim
utilization when there is a congestion or failufeertain existing technologies at tirr
of emergency and disaster, this new technology lmanused to meet the use
needs.This paper proposespeototype model with software defined radio (SI
technology. The networkentric cognitive radio architecture under constlen in
this paper is aimed at providing a higbrformance platform for experimentation w
various adaptive wireless networkopcols ranging from simple etiquettes to m
complex ad-hoc collaboration
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INTRODUCTION focus on an OFDM radio platform because it allc

a simple characterization of interference in teoh

An important aspect of the cognitive ra
platform is its ability to opportunistically u:
portions of the spectrum that are not being u
which requires the ability to efficiently sci
spectrum usage. Furthermore, it is very importat
detect and idatify types of interference that tl
platform is facing. This becomes increasin
difficult for arbitrary radio systems. Thus we ¢
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Fig. 1: Software Defined Radio Netwc.

the OFDM subcarris.Software defined radio, do
however, require the implementation of sew
hardware components. The general layout of
SDR is shown below, in figure 1. In general, thiti
two blocks of each path and the antenna make u
hardware side of the $Dand the third block is tF
computer/software.
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A paper on spectrum detection algorithms was cognitive radio platform include:
carried out in order to understand the computationa multi-band operation, fast frequency scanning
complexity and response times for the scanningand agility;
receiver. In order to solve this detection and software-defined modem including waveforms
estimation problem, we used an eigenvalue such as DSSS/QPSK and OFDM operating at speeds
decomposition of the sample covariance matrix of up to 50 Mbps;
the received signal. This analysis was performed packet processor capable of ad-hoc packet
using computer simulations for two common sources routing with aggregate throughput ~100 Mbps;
of interference: a microwave oven and a Bluetooth spectrum policy processor that implements
radio. F. Akyildiz et al in their paper “ Cognitive etiquette protocols and algorithms for dynamic
radio ad hoc networks: research challenges, tosappe spectrum sharing.
in Ad Hoc Networks”, JournalElsevier, 2009 The cognitive radio prototype’s architecture is
describes the capability of the infrastructure-base based on four major elements: (1) MEMS-based tri-
cognitive networks is contrasted to the infrastuuet band agile RF front-end, (2) FPGA-based software
less cognitive networks. The paper clearly shows th defined radio (SDR); (3) FPGA-based packet
lack of coordination and cooperation in the processing engine; and (4) embedded CPU core for
infrastructure-less  cognitive  networks. Local control and management. 5) Disaster management
observation in conjunction with node cooperation is module with CRHANS. These components will be
proposed. The nodes sense their local environmentsntegrated into a single prototype board which
and cooperate in sensing and information sharing.leverages an SDR implementation
However, mobility poses a challenge to sensing and
information sharing. A scheme, which addressesllIl. | mplementation:
cooperative sensing, information sharing and 3.1.Software Defined Radio using USRP:
mobility, is desired.During disaster and emergency The cognitive radio is a concept which is widely
conditions traditional communication facilities get accepted and various research work in CR is adapted
impaired but it is important to have communication in newer technologies like LTE, 802.11ac and
between all the first responders. In such situation 802.22. Software defined radio radio setup with
wireless technologies offer a suitable way for facilities to experiment and understand the already
communication. The emergency communications established principles and concepts of cognitive
and disaster relief works create high traffic |cadi radio. With the help of Software Defined Radio
which in turn leads to congestion also network platforms is it possible to be updated with researc
capacity and coverage are the major drawbacks ofwork in CR concepts. The Universal Software Radio
traditional wireless technologies. As it is knovinat Peripheral (USRP 2) is the hardware solution for
the spectrum is partitioned and allocated for déffe GNU Radio. The USRP 2 and GNU radio setup will
purposes, not all the spectrum is used in particula be used in Ubuntu, a Linux based operating system.
space or time and the unused spectrum can serve thEach USRP consists of a motherboard that contains a
demand in need. “Cognitive radio” which is an digital-to-analog converter (DAC), analog-to-didjita
intelligent wireless communication system can find converter (ADC), SRAM, gate-field programmable
spectrum holes (unused spectrum bands) and usegate array (FPGA) and a gigabit Ethernet interface.
them for communication there by facilitating the The major components of USRP2 are listed as

effective use of spectrum. follows Radio frequency (RF) front-end s
implemented on the daughterboard. There are a
I1. Proposed Work: variety of daughterboards that are available tokwor

In disaster management situations, the networksat different frequency band. The RF front end
usually depend on public networks such as GSM & translates the range of frequencies at the reagivin
GPRS. These public networks are likely to get end to a lower range at its output. The opposite
overloaded resulting spectral bandwidth limitations occurs for the transmitting side, where the RF tfron
to the multimedia applications and also in worst end translates the range of frequencies to thd fina
cases cause denial of service. Usage of cognitivehigher frequency range.
radios in emergency situations has the potential ofl. ADCs and DACs are the bridge between the
alleviating the spectrum shortage problem by continuous analog signals and the discrete digital
dynamically accessing free spectrum resources. Suclsamples. All the ADCs and DACs are connected to
Cognitive radio ad hoc networks (CRAHNS) provide the FPGA. The functionality of the FPGA is to
flexibility in terms of frequency of operation dfié perform the high-speed general purpose operations,
ad hoc network. Cognitive Radios (CRs) based onsuch as digital-up conversion and digital-down
Software Defined Radios (SDR) by definition are conversion, decimation, and interpolation, and to
able to work in different frequency bands and reduce the data rate feeding to the gigabit Ethierne
support multimedia services such as voice, dath, an connection. This connects the FPGA to the
video. Particular emphasis has been placed on higicomputer, where all of the waveform specific
performance in a networked environment where eachprocessing is performed on the host computer.
node may be required to carry out high throughput2. Python is a dynamic object-oriented
packet forwarding functions between multiple programming language that has been proven to have
physical layers. Key design objectives for the strong integration capabilities with other langumage
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It is simple to use and offers much more structure 3. Radio frequency (RF) front-end is implemented
and support for large programs than shell scriptson the daughterboard. There are a variety of

could offer. daughterboards that are available to work at differ
frequency band. The RF front end translates the
3.2.Cognitive Radio Network Lab: range of frequencies at the receiving end to a lowe

The Cognitive Radio Network Research Lab range at its output. The opposite occurs for the
would require the following hardware, Softwware transmitting side, where the RF front end translate
and other networking accessories. the range of frequencies to the final higher fremye
A. The platform should support most of the open range
source communities for eg., GNU radio, open BTS 4. ADCs and DACs are the bridge between the
etc., The Cognitive radio hardware should have acontinuous analog signals and the discrete digital
wide frequency range of operation. Some of the highsamples. All the ADCs and DACs are connected to
level specification for the radio is as below the FPGA. The functionality of the FPGA is to
B. Cognitive Radio lab is visualized to be perform the high-speed general purpose operations,
comprising of several software defined radio such as digital-up conversion and digital-down
platforms with variable processing powers.The conversion, decimation, and interpolation, and to
processing requirement foreach technology mayreduce the data rate feeding to the gigabit Etherne
differ. As the SDR is used for the research purpose connection. This connects the FPGA to the
easy programmability of the SDR is important computer, where all of the waveform specific
criteria. processing is performed on the host computer.

C. Synchronization capability to external accurate 5. Python is a dynamic object-oriented
clock references is an important requirement henceprogramming language that has been proven to have
the lab will have clock sources and SDRs should bestrong integration capabilities with other language
capable of taking the inputs from the clock soutge. It is simple to use and offers much more structure
order to realize multi antenna MIMO or set up a and support for large programs than shell scripts
small base station network the GPS plays importantcould offer. Python is available on Windows, Mac
role. OS, and Linux operating systems. In the GNU
D. The Cognitive Research lab will have capability software radio platform, all the signal processing
to test both in wired and wireless conditions.slt i blocks are written in C++, which are then connected
important to have the right accessories for theseby Python.
tests.
E. In order to cover the simulation tests for 3.3.Adaptive Network Protocols: CSCC Common
spectrum sensing and hand over using the CRSpectrum Coordination Channel:
concepts controlled fading of the radio signals are In parallel to SDR and packet processor design
important. Generally the RF faders that are capablework described above, we are implementing the
of simulating the power, delay of multipath profile concept of an adaptive wireless network
and Doppler. These faders available in the marketbootstrapped from the Common Spectrum
are quite expensive in the order of upto 1 crofss.  Coordination Channel (CSCC) etiquette protocol
an alternative we consider most of the CR relatedpreviously developed at WINLAB. The CSCC
experiments can be done with a digitally controlled protocol (which uses a broadcast beacon mechanism
attenuator which can modify power profile. We to inform neighboring radios of signal properti¢s)
would require to use CR RF signal fader with 4 port being extended to include information necessary for
to realize the same. self-organization into a collaborative network of
F. The intention of the setup lab is to get the cognitive radios. Information on transmit power,
facility to both student and faculty, where in they PHY speeds, channel quality and aggregated routing
have access to latest technology like LTE. As we information is added to the beacon to facilitaté- se
consider LTE is one of the important technology organization. This concept is shown in Figure 2
defining the 4 and % Generation wireless below.
networks(4G and 5G), we intend to procure below
software stacks object licenses as part of the lab. = The 5GHz radio setup consists of the
Here the idea is to enable the lab with necessaryMAX2827EVKIT 5GHz transceiver, Kyocera
software licenses with good control on the intezlac  TCXO crystal, Hittite HMC408LP3 power amplifier,
The software can be used for improving or Hittite HMC224MS8 switch and a Centurion
developing certain algorithms which can enable \TS2450RP-SMA antenna. The MAX2827EVKIT
discovery of novel ideas and result in paper yransceiver IC supports single and dual-band
publication on 4G/SG technology trends. operation between 2.4GHz to 2.5GHz and 5.15GHz
G. Network.Equment and computers: . to 5.35GHz. It has a receiver sensitivity of —75dBm
Networking ~ protocols = and  networking o saMvbps and is capable of operating at both

components are inherent part of the CR lab tozeali 802.110 & 802.11a modes. The HMCA408LP3 is a
IP network and gateways. There needs to be_ 9 : i

- ; : .1- 5.9 GHz high efficiency power amplifier that
investments on switches, linux based servers and5 - )
computers to realize various components of the offers +30dBm P1dB. The amplifier provides 20dB

network of gain, +32.5dBm of saturated power, and 27%
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Fig. 2: Concept for CSCC-based self-organization in a dogniadio network 5GHz SDR Setup.

Table I: summary of the features of the tri-band front-pladform.

2.4GHz transceiver | [ 5GHz transceiver | 900MHzscaiver |
MAX2825EVKIT | (quadrature MAX2827EVKIT | (quadrature] ML2722 | (vCO, [ PLL, [ image
. modulator, LNA, VCO, frequency modulator, LNA, VCO, frequency reject mixer, RF and IF
Transceiver and
a .
synthesizer, baseband n control synthesizer baseband and control baseband filters) and ML2751
d )
interface) | interface) | | [ [ (Integrated LNA ant)P
Power Amplifier MAX2847EVKIT (Rur=24dBm) Hittite HMC408LP3 Included | in l\l/IL2751
] I I (Pour=27dBm) (Pour=21dBm) |
Hittite HMC484MS8G provides Hittite | HMC224MS8 provides _Skyworks AS214-92 provides _
switching | between [ Transmit
T/R Switch switching between Transmit and Swrgh' between Transmit and and receive signal pgthto
receive signal paths up to 3GHz receive signdipat 5 to 6GHz. 3GHz. | (IPye= 27dBm,
(IPyge= l40dl|3m, 1L=0.8dB | (IE’TE= 33dBm, IL::|L2dB) 1L=0.4dB) I
Kyocera MFO-208F Kyocera MFO-208F Provides Pletronics | SW7745HV
Crystal Oscillator Provides| a | 40MHz frequency 40MHz frequency reference Providés a 6.144MHz
reference | | [ [ 1 [ frequency reference | |
Antenna Centurion dual-band WTS2450RP- Centuriaal-dand WTS2450RP- Radial/Larsen SPDA24918
SMA (2.5dBi) [ [ SMA (3.4dBi) [ [ [ T 1

Upon any channel congestion, a CRAHN can of cognitive collaborators equipped with two radios
switch to other empty channels/frequencies on theThe two radios of cognitive radios create two
basis of monitored channel information. Other independent but connected networks, a sensing and
advantages of usage of cognitive radios in military data transmitting networks. The network is deployed
networks include interoperability among different within the ad hoc network of mesh clients. The
services and legacy equipment. The use of dynamicnetwork of cognitive collaborators is enclosed by
spectrum management in future military CRAHNSs is blue lines in the Figure The red section is a netwo
expected to improve service and increase the combabf mesh routers; while the green is a network of
capability during the exercise and operation. Usagemesh clients. The cognitive collaborators are
of cognitive radios in military networks includes networked to give a full coverage of the entire
interoperability among different services and lggac network and to effectively coordinate it. The
equipment.A cognitive collaborators (CC) model network of sensing radios is designed for spectrum
which improves network learning and facilitates sensing. The cognitive collaborators through their
information sharing is proposed. The model sensing radios participate in local sensing and
coordinates local spectrum sensing and facilitatescollaborate with local mesh clients within their
information sharing. The scheme consists of staticcommunication ranges. They also share sensing
and dedicated sensing and information sharing nodesnformation with other collaborators and mesh
called cognitive collaborators. The cognitive clients in availing global sensing information. The
collaborators acquire knowledge and share availability of global sensing information allows
information. The scheme reduces false alarms andnodes to make correct spectrum decision and to
improves the efficiency of spectrum sensing. The allow nodes to sense and access the spectrum
cognitive collaborators are equipped with two radio optimal and in an efficient manner. The optimal
one to coordinate spectrum sensing and informationspectrum access and sensing improves end to end
sharing and the other for communication network throughput. The network of data
purposes.The network structure of the proposedtransmitting radios is used for data communication.
scheme is illustrated in the following Figure. It The use of two radios facilitates spectrum sensing
incorporates a backbone of fully connected network and information sensing. Collaborators also
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participate in general communication. The ability t also availed to the entire network. The availapitit
communicate and sense the spectrum using twohistoric and current data helps nodes to make
radios minimizes the spectrum sensing and proactive decisions to access the spectrum. It also
information sharing overhead costs.The collabosator minimizes the sensing time while maximizing
sense the spectrum, receive spectrum sensingransmission time. The scheme also improves the
information from nodes and broadcast it. The Primary Users detection accuracy and protects it
sensing information and the availability of spestru  from interference. The availability of sensing
holes in the network are shared in a distributed information is critical to spectrum sensing, speactr
manner. The historic data on spectrum availabidity — decision and to Primary User protection
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