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Abstract: In a cognitive radio networks (CRN), the secondary users (SUs) opportunistically access the channels where the primary users
(PUs) are not present. In existing spectrum sensing techniques, the sensing interval is mostly static and the final spectrum sensing
decision becomes inaccurate due to incorrect sleep schedules of SUs. To resolve these issues, this paper proposes a power aware
spectrum sensing and sleep scheduling (PASS) technique for CRN. In this technique, the spectrum sensing intervals (SlIs) of SUs are
adaptively determined based on the required transmission power and battery capacity of SUs. The correctness of cooperative spectrum
sensing decisions is validated at the fusion center, based on which the sleeping schedules of the SUs are determined. The proposed
technique is implemented in NS2 and simulation outcomes show that PASS attains higher probability of successful detection and

throughput with reduced energy consumption.
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1. Introduction

By utilizing spectrum resources more efficiently, the
notion of cognitive radio (CR) has evolved to alleviate
the shortage of restricted radio spectrum resources By
using an idle licenced channel in its immediate vicinity,
the CR can help alleviate the dilemma of limited
unlicensed spectrum resources and underused licensed
frequency resources. Cognitive radio sensor networks
(CRSNs) have lately emerged as a hot issue in loT
paradigms as a specific use of CR technology.

Secondary users (SUs) can gain access when the PUs
aren't using the channels they've been allotted. This is the
basic goal of cognitive radio. Cognitive radio systems
need that SUs understand the behaviours of PUs in order
to avoid interference with the PUs on the same spectrum
band. As SUs have limited sensing capabilities,
cooperative spectrum sensing is used to aggregate SUs'
sensing information in order to improve PU occupancy
detection accuracy. As a precaution, the spectrum
sensing method should be able of quickly and accurately
detecting white holes [3].

The energy and spectrum management solutions for the
future generation of wireless networks have become the
most important issues, and hence have received growing
attention. To avoid interfering with other radios, SUs
must frequently check for the presence of PUs. For
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cognitive  radio networks, this higher energy
consumption is required. The amount of energy
necessary for cooperative spectrum sensing (CSS), in
which numerous SUs communicate their sole decisions
to generate a more accurate global decision of the
existence of PUs, grows as the number of SUs expands.
Currently, researchers are concentrating on energy
efficient CSS as and analyzing the detection performance
and false alarm rate. The PU-SU collaboration, the
computing cost of the detection method, and the exact
measurement of the noise variance all play a role in the
selection of a spectrum sensing technology [9].

1.1 Problem Statement and Objectives

In power aware spectrum sensing techniques, the sensing
interval is mostly static and does not based on the battery
capacity and the received throughput.  The final
spectrum sensing decision becomes inaccurate due to
incorrect sleep schedules of SUs.

Based on the problem statement, the objectives of the
proposed work are stated as follows: Design a power
aware spectrum sensing technique which adaptively
determines the sensing interval based on the battery
capacity and the received throughput, thereby ensuring
accurate spectrum sensing decisions.

In this paper, we propose to design power aware
spectrum sensing and sleep scheduling (PASS) technique
for CRN.

The main contributions of this technique are listed
below:
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(i) In the spectrum sensing algorithm, the sensing
intervals of SUs are adaptively determined based on
the required transmission power and battery
capacity of SUs

(i) A new algorithm is proposed for validating the
correctness of cooperative spectrum  sensing
decisions at the fusion center, based on which the
sleeping schedule of SUs are determined.

(iii) The energy consumption of idle users are reduced
by adaptively setting sensing interval based on
battery capacity and energy consumption of SUs
with bad sensing decisions are reduced by adjusting
the sleeping interval.

2. Related Works

First, the energy efficiency of ZilongJin et al [1] was
examined. This analysis reveals the best SSN ratio for
increasing network lifespan by enhancing the detection
probability of co-operative detection (CDP). When it
comes to spectrum sensing performance, simulation
findings demonstrate that a certain SSN ratio may
effectively improve the network’s lifetime.

Cooperative spectrum sensing has been proposed by
Yuan Gao et al [5] that includes a pre-detection and
sleeping policy. Pre-detection is used at the beginning of
primary user detection, when all sensing nodes are
included in order to increase detection performance of
the primary user. The sleeping policy is implemented to
each sensing node at the completion of the pre-detection
process and the beginning of the local detection
transmission, in order to reduce sensing energy

consumption. As long as global detection and false alarm
probability, as well as interference to the primary user
can be tolerated, they were able to define the issue of
reducing maximum average energy consumption per
sensor node in Rayleigh fading channels.

An energy harvesting (EH)-based CRN has been
suggested by Zan Li et al. [6]. A partially observable
Markov decision (POMDP) process framework and a
Markov decision process (MDP) framework are utilised
to optimise the long-term average weighted aggregate of
the SU's throughput and the interference due to PUs.

As an example, Cao and colleagues [7] studied the topic
of energy-efficient spectrum sensing for remote estimate
of a generic linear dynamic system, and develop an
optimization problem that reduces sensor energy
consumption  while ensuring required estimation
performance. [7] Mixed integer nonlinear programming
was used to represent the issue and an optimization
technique was developed that takes into account the time
of sensing, which channels are to be scanned, and how
long each channel is to be scanned.

In EEISS, a spectrum sensing technique which deals with
energy efficiency and inference avoidance is proposed by
E N Ganesh and M Ramchandran [8]. Depending on the
energy levels of SUs, the spectrum sensing time is
dynamically approximated, and the transmission power
is set in accordance with the amount of PU interference
and the SU battery levels. Based on these constraints, a
game theory model is developed to maximise
throughput.

detection and

sleeping policy

consumption of
spectrum sensing

S.No Author Name of the Metrics Drawbacks
Approach

1 ZilongJin etal [1] | Cluster formation Improves the The spectrum
algorithm based network life time sensing interval is
Spectrum sensing and detection static and not
nodes (SSN) probability modified.
selection

2 Yuan Gao et al [5] Combined pre- Reduces the energy | The sleeping period

and the Sl are not
adjusted using

battery energy and
interference.
3 Zan Li et al [6] POMDP and MDP | Increased Energy
framework. Throughput consumption is not
minimized
4 Xianghui Cao etal | Simulated Energy expenditure | The sensing
[7] annealing based interval is not
optimization based on battery
algorithm power.
5 M Ramchandran EEISS probability of The sensing
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and E N Ganesh [8]

successful delivery, | decisions may not
probability of be accurate.
detection, residual

energy and

throughput

Table 1 Comparison of Power aware Spectrum sensing techniques

3. Power Aware Spectrum Sensing and Sleep
Scheduling (PASS)

3.1 Overview

In this paper, we propose to design an optimized
spectrum sensing technique for CRN. In this technique,
the SI of SUs is adaptively determined based on the
required transmission power and battery capacity of SUs.
The correctness of cooperative spectrum sensing
decisions is validated at the fusion center based on which
the sleeping schedules of SUs are determined.

y

3.2 System Model

Figure 1 shows the CRN system model. Primary network
(PRN) and N secondary relays (SR) are shown in the
figure, each of which assists the detection of a potential
threat (PUT, designated by N={SRi | i=1,2,...,N) To
determine whether or not a PU is there, SR; broadcasts
its local detection result to the SU; and SU, nodes, which
then use the fusion rule to make their final determination.
For example, if the ultimate choice is Ho, SU; and SU;
interact via direct linkages or with aid from SRi, if the
existence or absence of a PU is determined by Hi. The
presence of a PU is recognized in the next spectrum
sensing period if SRi detects it.

PUt l\\
it D
\y 77 PU
h ,h Vi e ) T
pll p\ ; — S cognitive

l/

g
// v 53‘};%3@@

&5 ~.radio network
N K
e & /

SRN /
ol -

Fig 1 System model of CRN

3.2 Adaptive setting of Sensing Interval

In this technique, SI of SUs is adaptively determined
based on the required transmission power and battery
capacity of SUs

The battery capacity of SUj at interval t is given by

Bcapij(t) = Bcapj(t-1) - Bconj(t-1)
1)

Where Bcapj(t) and Bconj(t) are the battery capacity and
battery consumption of SU; at interval (t-1), respectively.

Let Pinj and Py be the initial and transmitting power of
SU;, respectively.

Let S; be the size of the data to be transmitted from SU;.

Let W; be the sensing interval of SU;

Let By and BJ;'be the upper and lower bounds of

Bcap

1. Pu;will be selected based on the Bcap; as

Pwj = Pinj — g, when Bcap; < Bc";;)”
)

Puj = Pinj + ¢, when Bcap; > B

where g is the step value of Py to be incremented or
decremented.

2. Wi; is assigned based on the data size and battery
capacity of SU; as

W, = Sj + (Wj+AI), if By = B

cap
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y[t]

Wi=Sj + (W) — AI), if Bep < B .

If and Bcap is high, then the Sl is little bit increased by
the step value Al . Or else, if Bcap is less, then it should
be decreased by the same step value.

3.3 Co-operative Spectrum Sensing

The spectrum sensing phase is divided into two sub-
phases: pre-detection and the continuous detection.

3.3.1 Pre-detection

In pre-detection, the N SRs identify the presence of a PU
using energy detection method to improve the detection
accuracy.

The energy spent over a spectrum band is estimated and
compared to a threshold value when the energy detection

method is used for spectrum sensing. The existence of
PU is presumed if the remaining battery energy is larger
than the threshold; otherwise, the spectrum is regarded to
be free.

There are two hypotheses that may be used to describe
spectrum sensing as a binary hypothesis problem [13]:

Ho : y[n] =w[n], (PU is absent)
Hi: y[n] = s[n]+w[n], (PU is present) 4
Where n=1,2....N.

Samples of the received signal, AWGN noise, and PU
signal samples are all represented by y[n] and w[n]. N,
the observation interval, is denoted by n.

Figure 2 shows the block diagram of the energy detection
method.

> Measured Energy from the T
sensed Band Ho
) ='r<A
o2 A, .,
| Estimation of Noise | Determination of 2
variance detection thresholds H

Fig 2 Energy Detection Method

As seen from Figure 2, the detection process consists of
measuring the remaining battery energy over the sensed
band and comparing the measured energy level with a
detection threshold.

An evaluation of this comparison results in one of the
hypotheses of Eq.(4) being picked as true, and the SU
selects whether or not to access the band.

Decision

The decision policy for energy detection is given by [15]

T 20N .

Local decision rule at SR; is indicated as E; by reference
to the pre-detection phase received energy.

Condition

Ho
Hi

No decision

The detection threshold is obtained from as follows:

-1
Ao=0u(Q (P)V2N +N)

9)
Where Q( ) denotes the Gaussian Q-Function

3.3.2 Continuous Detection

If E, <

If E; >4,

If ,<Ei< 4,

In this phase, an adaptive sleeping schedule is applied at
SR; to reduce the energy consumption of SRs with bad
decisions. (ie) The SRs which satisfies the condition

A, < Ei< A,are made to sleep for the period Ps. During

the sleep period, the sleeping SRs deactivates its sensing
module.
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3.4 Adaptive Adjustment of Sleep Duty Cycle
Then the sleep period of the receiver radio is determined
based on Bcap as

ax

Timeseep = Inta + o (Bg* - Beap)

(10)
Where Inty is the number of sleep intervals and pis a
weighting constant. The SU transmits the wake-up signal
to the SR only if it has sufficient battery capacity.

3.5 Cooperative Spectrum Sensing Decision
Algorithm

In this algorithm, the correctness of CSS decisions will
be validated at the fusion center based on which the
sleeping schedule of SUs are determined.

The steps involved in this algorithm are as follows:

1. Sl of SUs is adaptively determined based on the
required transmission power and battery capacity of
Sus (explained in section 3.2)

2. Local decision is performed based on the sensing
interval.

3. Decision is sent to the fusion centre.

4. FC validates the sensing decisions and the nodes
with poor spectrum sensing decisions are put into
sleep mode with a sleeping period of time ST.

5. The value of ST is determined based on the battery
energies of sleeping SUs and the correctness of
other SU’s decisions. i.e.

5.1 When the battery capacity is greater, then the
transmit power of SU will be high and sleep mode will
be off.

5.2 When the battery capacity of SU is less, then the
transmit power will be less to increase the energy
efficiency of the system and the node is put to sleep
mode with more ST.

Fusion Centre Sleep
Local Schedule of
Sensing —¥| (Validating '

correctness of

decision)

1
1
1
|
1
1
1
1
1
|
1
I
SuU |
|
1
1
1
1
1
|
1
1
1
1
1

Fig 3 Decision making at fusion center

4. Experimental Results

In this section, the performance of proposed Power
Aware Spectrum sensing and Data transmission (PASS)
is implemented in CRAHN patch of NS2. The PASS is

compared with the Combined Predetection and Energy
efficient spectrum sensing CPEESS [5] scheme. Table-1
shows the simulation parameters used in the
experiments.

Parameter Value

Number of CR users 2510 100
Topology Size 1000m X 1000m
Distance between ST and SR 300m

Path loss exponent (77) 4

Type of Propagation

Two Ray Ground

Channel model

Rayleigh

Type of Modulation

BPSK
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Initial Energy 15 pl
Transmit power 66 mW
Receive power 39 mW
Channels 10
Detection Probability (Pq) 0.3and 0.6
Missdetection probability (Ps) 0.01
Default SI 0.1

Table -1 Simulation settings

A. Effect of Increased CR users performance is evaluated based on the metrics
transmission latency, probability of successful detection,

In order to analyze the effect of increased CR users, the .
throughput and residual energy.

number of CR users is varied from 25 to 100 and the

Nodes PASS CPEESS
(sec) (sec)
25 2.12 3.03
50 2.32 3.77
75 2.84 441
100 3.08 4.42

Table 2: Results of Latency for CR users
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== CPEESS
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o

Transmission latency (sec)
N w

25 50 75 100
Number of CR users

Fig 4 Transmission Latency for CR users

Table 2 and Figure 4 show the results of transmission latency for the two schemes in presence of increased CR users. It can
be seen that the latency of PASS is 34% less when compared to CPEESS.

Nodes PASS CPEESS
25 0.9463 0.8717
50 0.8817 0.8339
75 0.8530 0.8101
100 0.7623 0.7063

Table 3: Result of successful detection for CR users
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Fig 5 Probability of successful detection (PSD) for CR users

Table 3 and Figure 5 show the results of PSD for the two schemes in presence of increased CR users. It can be seen that
PASS has 6% higher detection probability when compared to CPEESS.

Nodes PASS (Mb/s) CPEESS (Mb/s)
25 39.99 33.84
50 37.12 25.77
75 31.68 23.59
100 27.78 21.80

Table 4 Results of Throughput for CR users

w1
o
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x
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o
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8 &

o
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Number of CR users

Fig 6 Throughput for varying CR users

Table 4 and Figure 6 show the results of measured throughput for the two schemes in presence of increased CR users. It
can be seen that PASS has 23% higher throughput when compared to CPEESS.

Nodes PASS CPEESS
(Joules) (Joules)
25 10.01 10.98
50 11.33 15.33
75 11.55 12.32
100 11.55 13.06

Table 5 Results of Energy Consumption for CR users
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Fig 7 Energy Consumption for CR users

Table 5 and Figure 7 show the results of energy
consumption for the two schemes in presence of
increased CR users. It can be seen that PASS has 13%
lesser energy consumption when compared to CPEESS.

5. Conclusion

This paper proposed an optimized spectrum sensing
technique for CRN. In this technique, the SI of SUs is
adaptively determined based on the required
transmission power and battery capacity of Sus. The
correctness of cooperative spectrum sensing decisions is
validated at the fusion center based on which the
sleeping schedule of SUs are determined. The major
benefit of this scheme is that the energy consumption is
reduced by adaptively setting spectrum sensing interval
and sleeping interval in terms of battery capacity. The
proposed technique is implemented in the NS2 and the
performance is compared with CPEESS scheme.
Simulation outcomes show that PASS attains higher PSD
and throughput with reduced energy consumption.
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