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Abstract: With the rising of new paradigms in wireless communications such as Internet of things (loT),
current static frequency allocation policy faces a primary challenge of spectrum scarcity, and thus encourages
the 10T devices to have cognitive capabilities to access the underutilized spectrum in the temporal and spatial
dimensions. Wideband spectrum sensing is one of the key functions to enable dynamic spectrum access. Wide-
band spectrum sensing plays an important role in building such CR networks of 10T. In this paper, we propose a
dynamic compressive wide-band spectrum sensing method based on channel energy reconstruction. After a
bank of wide-band random filters is employed to measure the channel energy, rather than to recover all the
channel energy in the whole spectrum, only the channel energy with a changing occupancy status in consecutive
time slots is recovered.
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I. INTRODUCTION

The recent development of Internet of things (IoT) has drawn world-wide attention of both academia
and industry with the vision of extending Internet connectivity to a vast number of “things” in our physical
world [1]. With turning loT paradigm into a reality, the amount of 10T devices is expected to grow in large
numbers, which leads to difficulty in allocating sufficient spectrum resource to these devices. Therefore, it is the
vision that smart 10T devices should have cognitive capabilities to enable spectrum sharing over wideband
spectrum [2]. With cognitive capabilities, interference among the 10T devices can be alleviated by seeking for
vacant channels through dynamic spectrum access. Spectrum sensing, as one of the vital important technologies
in cognitive radio (CR), was proposed to efficiently explore the underutilized spectrum [3]. However, it is
unrealistic to directly acquire the wideband signals by conventional Nyquist sampling scheme, especially in the
energy-constrained 10T devices, since that requires high sampling rates (double or more than the bandwidth of
the signal in frequency domain), resulting in high power consumption in the analog-to-digital converter (ADC)
or low sampling rates in sequential manner but introducing large sensing latency.

Therefore, compressive sensing (CS) was applied to to realize wideband spectrum sensing without the
high-rate signal sampling and processing. It enables fast and accurate spectrum detection with sub-Nyquist
sampling by exploiting the sparse nature of underutilized wideband spectrum in practice [4]. This thesis will
present several algorithms that implement wideband spectrum sensing with CS, aiming to invoking the efficient
usage of the underutilized spectrum in cognitive 10T scenarios.

Such opportunistic access of the PU resources by the SUs is called as dynamic spectrum access. A SU
can opportunistically utilize different spectrum holes corresponding to different PUs. In order to satisfy its
bandwidth requirement without causing interference to the PUs as shown in Fig.1
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Figure 1: SU’s and PU’s in cognitive radio

Opportunistically use the spectrum not used by the primary users. Spectrum sensing is a key enabler for
dynamic spectrum access in cognitive radios. It is the task of obtaining awareness regarding the radio spectrum
as well as identifying idle spectrum. It enables the SUs to explore and exploit the unused PU spectrum. In
addition it is crucial for managing the level of interference caused to the PUs of the spectrum. Spectrum sensing
can be done by an individual SU and is called as single-user sensing or local detection. Single-user sensing
becomes difficult in challenging propagation environments like multipath fading, Doppler spread, and
shadowing. In such a scenario a SU has to distinguish between a white space, where there is no primary signal,
and a deep fade, where it is hard to detect the primary signal. Cooperative sensing (CS), where different SUs
collaborate to detect the presence of a PU, provides diversity gains to tackle the fading and shadowing effects.
CS also helps to increase the SNR gain and network coverage.

I1. COGNITIVERADIOINIOT

10T is extending internet connectivity in physical world. 10T will enable real-world objects to exchange
their information, interact with people and co-create knowledge. Effective deployment of 10T systems will lead
to significant cost savings, new revenues, and employee productivity enhancements. With turning 10T paradigm
into a reality, the amount of 10T devices is expected to grow in large numbers. It is projected that there will be
approximately 11.6 billion mobile devices and connections by 2020, among which 7.4% are low-power devices
[5], which leads to difficulty in allocating sufficient spectrum bands to these devices. Additionally, transmission
performance degeneration will be caused due to the overcrowding in the unlicensed industrial, scientific and
medical (ISM) bands. CR has been considered as one of the promising solutions to tackle the spectrum scarcity
in future wireless networks, i.e., 5G and beyond. CR can sense the surrounding spectrum environment and
accordingly adapt radio parameters such as the centre frequency, bandwidth, transmit power, and waveform to
utilize spectrum bands currently not used by primary users. These tasks can be implemented by cognitive
cycle:spectrum analysis, modelling and learning, spectrum sensing, and spectrum management [6].

In the spectrum analysis, modelling and learning step, the secondary user (SU) analyses the spectrum,
estimates the PU’s transmission parameters, and models the PU’s transmission structure through observations
over a long time period. This information can then be used to formulate the threshold, noise statistics, etc. in the
spectrum sensing step. Finally, in the spectrum management step, SU adapts itself to transmit in the open bands,
potentially changing its carrier frequency, transmit power, modulation type, and packet length. Therefore, it is
the vision that smart 10T devices should have cognitive capabilities to enable spectrum sharing over wideband
spectrum. With cognitive capabilities, interference among the 10T devices can be alleviated by seeking for the
vacant channels through dynamic spectrum sharing.

I11. DYNAMIC SPECTRUM SHARING

In this paper, we consider the following dynamic network scenario: the channel occupancy status is
continuously changing, i.e., the energy vector E changes over time. Assuming that time can be decomposed into
many single slots and also that in every time slot a probability pi , which is small, governs each channel’s
change in occupancy status, the number of channels in a given time slot that is changing occupancy is very
small, on the whole. Therefore, we have to reconstruct the energy of each channel that is changing occupancy
status in consecutive time slots when the initial channel energy is known, rather than reconstruct the energy of
all the channels for the current time slot. Energy detection is then performed by comparing the obtained vector
to a vector of energy thresholds, so as to determine the occupancy of each channel. This paper is more realistic
than, which assumes that only one channel changes occupancy status in each time slot.

International organization of Scientific Research 54 | Page



Performance Analysis of Dynamic Compressive Wide-Band Spectrum Sensing in Cognitive Radio ..

Cognitive network

Primary network

@ Aggregator 6 PU B Smartmeter
K Secondary base station A Primary base station d Utility

Figure 2: Dynamic Spectrum Sharing

Static spectrum access is the main policy for the current wireless communication technologies, where
fixed channels are assigned to licensed users for exclusive use while unlicensed users are prohibited from
accessing even when the channels are unoccupied. Nowadays, regulatory bodies worldwide are facing that the
rapid growth of wireless communication industry is overwhelming current static spectrum supply, and thus
encourages an urgent need for improved spectrum assignment strategy to mitigate the gap between the available
spectrum and the demand [7].

IV. PROPOSED METHODOLOGY
We consider a cognitive network with K number of CR’s. One primary user and one fusion center (i.e.,
common receiver).The spectrum sensing is done by each CR independently. The decision taken by CR is sent to
the fusion center and the fusion center will decide whether the primary user is present or not. To determine this
we are considering two hypotheses: The received signal will be
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When the signal is received at the i™ CR in timeslot t, s(t) is the PU signal. hi(t)is the complex channel
gain of the sensing channel between the PU andi™ CR.wi(t) is the Additive White Gaussian Noise (AWGN).We
assume that the sensing time is lesser than the coherence time of the channel. The coherence time is the time
duration over which the channel impulse response remains constant. So h;(t) will be time invariant (h;(t) = h;) i.
e., time independent. Also we assume that during sensing time, PU does not change its state. We use energy
detection technique as PU signal is unknown. For each i" CR by energy detection we found average probability
of detection, false alarm, missed detection over AWGN channel with following equations:
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Where £jis the energy detection threshold and Yjis the instantaneous signal to noise ratio (SNR) at the i CR.
Also u is the time-bandwidth product of the energy detector. T' (a) is the gamma function and T (a, X) is the
incomplete gamma function.

I'(a,x) =I:Ota’le’t dt )

In transmitter detection we have to find the primary transmitters that are transmitting at any given time.
This method is used for deciding the absence or presence of primary user with the help of secondary user by
sensing the received signal power from the primary user. To do the measurement one energy detector is used.
Based on the signal strength of primary user’s signal it decides that whether the channel is available for the
secondary users or not. For this process secondary user doesn’t require the prior information regarding primary
user such type of signal, modulation scheme etc. so spectrum sensing using energy detection method is called as
a non-coherent detection.
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Figure 3: Block Diagram for Dynamic Compressive Wide-band Spectrum Sensing
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Where vij(t) denotes the velocity of i" particle in j" dimension at t-th iteration, ¢; and c, are referred as
acceleration constants, r; and r, are uniformly distributed random values ranging in [0, 1]. y;(t) is referred as
pbest, which is the best position found by the i particle in j" dimension so far by the " iteration whereas y" j(t)
is referred as gbest, which is the best position found by the entire swarm in j-th dimension so far at the t"
iteration. x;(t) denotes the position of i" particle in j" dimensionat t" iteration. Another parameter, so-
calledmaximum velocity, V. is imposed to limit thevelocity of each particle to ensure exploration withinthe
search space. A pseudocode of PSO is shownin Figure 3 for a given minimization problem.

V. SIMULATION RESULTS
This section describes the MATLAB-based simulations that provide interactive access to check the
performance and comparative analysis for energy detection method theoretically as well as practically by
varying various parameters.
Probability of detection with 20 occupied channels is shown in figure 4. It is clearly shows the graph to
increase the signal to noise ratio than probability of detection almost 1.
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Detection Probability Pd vs SNR (dB)
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Figure 4: Probability of Detection Pd vs. SNR (dB) with p = 20 under occupied channels.

Figure5 shows the graphical illustration of the performance of cooperative spectrum sensing in AWGN
channel discussed in this research work in terms of total error rate. From the above graphical representation it
can be inferred that the cooperative spectrum sensing in AWGN channel for n=10 is the minimum error rate

probability.

Total Error rate

————
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Threshold
Figure 5: Total error rate of cooperative spectrum sensing in AWGN channel

Probability of detection with different occupied channels is shown in figure 6. It is clearly shows the graph to
increase the occupied channel than probability of detection almost 1 with respect to signal to noise ratio.
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Figure 6: Probability of Detection Pd vs. SNR (dB) under different number of occupied channels

International organization of Scientific Research

57 | Page



Performance Analysis of Dynamic Compressive Wide-Band Spectrum Sensing in Cognitive Radio ..

vi. CONCLUSION
We have studied the cooperative spectrum sensing with energy detection using formula and modelling

the system. We analyzed the system with optimum voting rule for minimum error rate and K/2 is optimal value.
Also, optimization of threshold has been done with minimum values of probability of missed detection and false
alarm probability. We analyzed the system, for the less probability of missed detection and false alarm
probability so that spectrum allotted correctly to secondary user. We proposed the fast sensing algorithm and
calculated least number of CR’s a given error bound.
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