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1. INTRODUCTION

A primary protocol of UWB communication is the Multiband OFDM (MB-OFDM) system that
supports high data rates while consuming very less power [1]. It is preferred because it addresses the
multipath fading problem thereby making it a good communication system in an urban/indoor area. Hence
further discussion for improvement of its performance in a high congestion, high noise environment is
imperative. The best way to improve the performance without changing the trans reception protocol is by the
use of Error control codes [2]. While high speed data rates are of the norm of the day, this demand
inadvertently leads to the higher error rates. To tackle it concatenation of error control codes is performed [3]
for they have a higher coding gain than a single code.

It becomes necessary that the multiband OFDM system [4] must coexist with various well
established protocols such as radio Astronomy of Japan, WiMax devices, IEEE 802.11 devices and so on.
Hence interference cancellation between the multiband OFDM system and other becomes a foremost task.
The development of wireless communication as a viable source of income led to the advent of licensed
spectrums. The downside of this was the inefficient use of allotted spectrum, which is now being addressed.
by the development of Cogpnitive radio [5]. Since in the multiband OFDM system the Fast Fourier Transform
operation is performed at the receiver side, it can be easily modelled as a cognitive radio .They address the
problem by scanning and sensing the unused spectrum in the licensed area and introducing a secondary user
to occupy it [6] The simplest way of sensing the used and unused spectrum is by the use of cyclostationary
method, which compares the energy of the signal to a predefined value and states whether that spectrum is
occupied or not [7],[8]. This paper mainly focuses on the performance of this cyclostationary method of
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sensing [9]. Since the UWB system incorporated data over a wide range of frequencies, it is imperative that
the interference between the primary user and the cognitive user were limited to a minimum.

The word LabVIEW is an abbreviation for Laboratory Virtual Instrumentation Electronic
Workbench. This software uses G-language (Graphical User Interface language) .It helps in virtually
simulating any of the instruments functioning without actually having to use the hardware components of the
circuit. The VI’s are the programs which represent the functioning of the instrument. Each vi has two
windows named the front panel and block panel. The front panel is the representation of the instrument i.e.
how it will look after practically being implementing the idea. It has all the controlling knobs the instrument
is expected to have and the in simple words it’s the interface for the user. The block panel has the full
functions of the VI. That is it has the functions which perform the action of the instrument [10].

This work concentrates on the interference between the multiband OFDM acting as cognitive radio
and other wireless systems that coexist in the same environment. Being a cognitive radio it performs
spectrum sensing (ie) the most vital job of any cognitive radio is to sense the arrival of licensed users and
availability of the free spectrum. Cyclostationary based spectrum sensing is discussed. The hardware test bed
for the cognitive radio is setup with the use of Universal software define peripheral kit with Labview as the
processing tool.

Next part explains in detail about the proposed methodology. The last part deals with the discussion
of results and finally this research contribution has the concluding remarks on the proposed system.

2. RESEARCH METHOD

The proposed work consists of two stages.
e Cyclostationary based spectrum sensing to find the existence of primary user
o Effective interference cancellation between the primary user and cognitive user

The block diagram of the LabVIEW based cyclostationary method is shown in Figure 1. It
comprises of FFT block, followed by windowing, correlating and magnitude squaring. The output of these
blocks yields the power spectral density. The output is then compared with the predefined threshold. If the
received signal crosses the threshold the primary user is present and vice versa. The decision is made on the
hypotheses

Hq = signal+ noise : Primary user present
H.= noise : primary user absent
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Figure 1. Block diagram of cyclostationary method (Labview)

The proposed block diagram for interference cancellation is shown in Figure 2. The BPSK
modulated data is grouped. The subcarriers are grouped in three ways. Adjacent, Interleaved and random
partitions are carried out in this work. In adjacent partition the subcarriers which are adjacent to each other
are grouped. In interleaved partition alternate subcarriers are grouped .In random partition the subcarriers are
chosen and grouped in a random manner. Out of 128 sub-tones it is assumed that three tones namely 85, 86
and 87 as interfering tones. Since there are 128 sub-tones the number of grouping here is four with 32

Multiband OFDM for Cognitive Radio - A Way for Cyclostationary Detection and Interference .... (J. Avila)



1704 O ISSN: 2088-8708

subcarriers in each group. The output of partitioning block is given as input to AIC block. The MIMO AIC
algorithm is given by the transmitted signal is written in matrix form as E=nm, where

n=[nO)n@).....rereee.... n(i-1J 1)
m=[mO)M®)................ m(sxi-1)[ )
B =
e ©)
Esig oo E..|

N-1 Cm ok
Eki =E(k,I)= éexp(JZﬂﬁO _g))

c=ar(\gcminHElc+V1H2 (4)
C is the target AIC vector. The interference vector is given by

vi=vfr+y: f(r,-0-(y+2)y=0 (5)
The minimization problem is given by
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Lagrange optimization algorithm is used to optimize the problem which is given as
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Figure 2. Block diagram of proposed MIMO AIC

3. RESULTS AND ANALYSIS

Single input single output (SISO) based Active interference algorithm was proposed in [11] which
was further enhanced in by cyclic shifting and phase shifting of the data [12]. Statistical relations based
Active interference canceller (AIC) was proposed in [13] to improve the basic AIC algorithm. The use of
partial transmit sequence mitigation is carried out in [14].Introduction of weighting factors on several
subcarriers mitigation is carried out inv [15]. Multi input multi output (MIMO) based active interference
cancellation was proposed in [16], which was further enhanced in [17]. The main focus of this paper is to
propose a modified intrusion elimination technique for MIMO based multiband OFDM cognitive radio
system.

The first two results are plotted using MATLAB tool. The performance metric is subcarrier index
versus magnitude spectrum. The remaining results are plotted using LabVIEW tool. Here the performance

metric is Probability of detection ( P, ) versus Signal to Noise Ratio (SNR).

Figure 3 shows the adjacent partition without weighting factors. The 128 subcarriers are grouped
into 4 groups. Adjacent carriers are grouped. Then the modified AIC algorithm is applied. Figure 4 shows the
output of adjacent partition with weighting factors. From the figure it is clear that adjacent partition with
weighting factors dominates. A deep notch is achieved. There is at least 1dB difference between both the
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Figure 3 and 4. Adjacent partition with and without weighting factors

Figure 5 shows the random partition without weighting factors. The 128 subcarriers are grouped
randomly. Then the modified AIC algorithm is applied. Figure 6 shows the random partition with weighting
factors. The 128 subcarriers are grouped randomly. Then the weighting factors are applied. The weighting
factors are based on the modulation scheme used. Since in this work it is BPSK modulation the weighting
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factors are chosen as +1 and -1. After applying the weighting factors AIC algorithm is used. From the figures
it is clear that a deep notch is achieved with the inclusion of weighting factors. Deep notch in turn symbolizes
that the interference between the primary user and the cognitive used is reduced.
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Figure 5 and 6. Random partition with and without weighting factors

Figure 7 shows the hardware setup for the cyclostationary based spectrum sensing. Here two USRPs
are used. One acts as transmitter and the other acts as receiver. USRP is a transceiver which converts a
personal computer into wireless prototype system. The basic components of the USRP are RF amplifier,
Local oscillator, ADC and DAC. The architecture also includes FPGA for processing the data. USRP 2920
has been utilized in this work. The USRPs were connected to their host personal computers through 2.0
Ethernet cable. The IP address of the transmitter was set as 192.168.10.1 and that of receiver was set as
192.168.10.2. At the receiver side, the cyclostationary based spectrum sensing module developed using
LabVIEW was utilized and detection of PU was done and plotted.

Figure 7. Hardware setup

Figure 8 gives the comparison between various FFT sizes (128,256,512 and 1024) in cyclostationary
method. Hamming window with window size of 10 is used. The graph shows that with increase in FFT size

probability of detection could be achieved earlier. For the Probability of detection (P, ) of 0.9 the SNR for

the FFT size of 1024 is -27dB whereas the SNR value is -22dB for the FFT size of 128. As the FFT size
increases frequency resolution increases and it helps in detecting the primary used in high noisy environment.
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Figure 8. various FFT sizes

Figure 9 gives the comparison between various window sizes in cyclostationary method. Hamming
window with FFT size of 512 is used. For the Proabability of detection ( P, ) of 0.9 the SNR value is -25dB
for the window size of 10 whereas for the same P, the SNR value is -27dB for the window size of 40. The

graph shows that with increase in window size the resolution increases and hence the primary users could be
detected in low SNR condition.
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Figure 9. various window sizes

Figure 10 gives the comparison between various windows in cyclostationary method. Hamming
window, Blackman window and Kaiser Window are compared. The graph shows Kaiser Window offers

better P, when compared with other windows. For the Probability of detection ( P, ) of 0.9 the SNR value is
-25dB in case of Kaiser window whereas it is -23dB for Blackman window. It is governed by the parameter

beta which helps in controlling the width of the main lobe. Greater the main lobe and lesser the side lobe

depicts that the spectral leakage is less. Hence proper choice of the window enhances the system
performance.
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Figure 10.various windows

Figure 11 gives the comparison between various values of Probability of false alarm (P; ) in
cyclostationary method. For the Probability of detection( P, ) of 0.7 the SNR value is -28dB for the P, of 0.1

whereas the SNR value is -26dB for the P; value of 0.0001. Figure shows lesser the P; value error
decreases and probability of detection is accomplished in high noisy environment.
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Figure 11.various probability of false alarm

4. CONCLUSION

Cognitive being a solution for efficient utilization of the sparse spectrum, the performance of
cyclostationary based spectrum sensing method is analyzed. To mitigate the interference between primary
user and secondary user a modified interference reduction algorithm has been proposed and it is seen that
there is an improvement in notch depth with the insertion of weighting facotrs. All these techniques enhance
the performance of the multiband OFDM system and makes it more appropriate and a perfect solution when
the noise is so severe that the juice of high data rates can be enjoyed.
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