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Probabilistic Approach for Channel Selection in Centralized Cognitive Scheme
Utilizing Invasive Weed Optimization

ABSTRACT

Devices of cognitive Radio (CR) help Secondary Users (SU)
to locate a vacant channel licensed to Primary Users (PU).
SU vacates the channel by doing a handoff on condition
when PU enters that channel. Now SU seeks a different
channel to proceed further. This paper narrates an algorithm
of an evolutionary type called Invasive Weed Optimization
(IWO) that solves the issue of Spectrum Handoff (SHO).
The fixed and Probabilistic method of hybrid spectrum
handoff utilizes the algorithm of IWO. The prime limitation
of SUs’ prolonging the time in data delivery gets minimal by
optimizing the period in the network of CR. The centralized
Cognitive Device (CCD) is minimizing delay in handoff,
monitoring the balancing of the load as well as improving
efficiency. The proposed method is verified and validated
with the existing Genetic algorithm (GA) and Particle
Swarm Optimization (PSO) methods. Apart from that the
pre-emptive resume priority MG/1 model for queuing too is
employed. This leads the IWO method’s accuracy of channel
selection to an improvement of 97.6%. There is a greater
reduction in handoff delay. This excels in the schemes of
traditional type in practice now.

Key words - Cognitive radio, invasive weed optimization,
spectrum handoff, non-identical channels, evolutionary
algorithm, probabilistic approach and queuing theory.

1. INTRODUCTION

Many applications now in wireless field needs networks
with heterogeneity as well as higher capacity. The technique
of Cognitive Radio (CR) now ushered in is capable of
hunting the available spectrum [1]. The CR is sensing power
to do transmitting, modulation, frequency, selecting
parameters to obtain improved Quality of Service (QoS) as
well as bandwidth. The CR is sensing on a real-time basis as
it adapts the forming of mesh network as well as it supports
schemes that get self-organized. The CR’s temporal learning
of’ characteristics of channels during a period is helping to
select a channel in an improved way. While a handoff is
done by a Secondary User (SU) to a PU, SU maintains a link
by employing the CR with no interference with other clients.
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In addition a change in frequency is expected [2-3]. The CR
scheme level handoff of the spectrum to transmit as well as
selecting bands of frequency expected are done by the
algorithm for such control. It does channel selecting as well
as changing the frequency of band in a better way. The
search is initiated by routing. Here, a channel is preferred
that has a longer period of vacancy. This minimizes the
break-otherwise-drop handoff. Interfering with existing
systems other than this is reduced too.

This paper reviews the functions of CR on frequency
changing, handoff of the spectrum, functionalities of
managing channel as well as the impact count of handoffs of
the spectrum. In addition accuracy, the delivery time of data,
delay due to handoff as well as the effect on throughput
related to SUs while it transmits. It includes the Dynamic
Spectrum Allocation (DSA) aspects of the cognitive scheme.
Apart from this the proposal is made with the algorithm of
IWO as well as handoff of the spectrum of the hybrid type
which are fresh algorithm schemes to select the channel that
are optimized. The proposed research provides a scheme
utilizing probability principles for combining a method to
select frequency as well as locating a free channel that is
mostly unoccupied.

Fixed and probabilistic optimizing sequence schemes
(expressed in the form of a matrix) for minimizing the
lengthy delivery time for data. A comparison of those
schemes must be done with IEEE 802.22 standards for
Wireless Regional Area Network (WRAN). Proposed
another metaheuristic method namely, Invasive Weed
Optimization to achieve more efficient optimizing which
maps from a varied electrical area improving it in the
wireless field. The remaining portion of the paper is
structure as follows. The system model is described on
Section 2. Section 3 contains SUs’ handoff of the spectrum
with the algorithm of IWO in the proposal. Section 4 has
implementing of SUs’ handoff of spectrum utilizing IWO.
Section 5 explained about the simulated results and
discussions.
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2. SYSTEM MODEL FOR CENTRALIZED PRE-
EMPTIVE RESUME PRIORITY (PRP) M/G/1
QUEUEING MODEL

The specific assumptions are included in present
modelling. To start with, a method is assumed that contains
slotted time. At the initial stage of each slot, SU senses
whether the channel is free or it is occupied by PU. An
empty channel is detected by SU to start transmitting. A
false channel may be detected. This scheme neglects that [4],

[6], [9]

One channel can be modelled by the queuing model of
pre-emptive resume priority (PRP) M/G/1. The former
researches show concern regarding the schemes to select
proactive target channel in the [4-11], but what is proposed
now is the extension of those concepts utilizing a better
algorithm for optimizing to serve a generalized channels
which are not identical. The service rates in this situation
differ among different channels. The service times as well as
inter-arrival 1™ as well as A,*” respectively, are under the
assumption that they are independent; they change in an
exponential way with SU’s rates and 4,5 as well as z4s™”
for SU being interrupted at channel 1< k; <M,; here M; is the
number of channels in totally counted channels. Also, it is
assumed that those channels are being independent as well
as non-identical with each other as they follow differing
service rates. The top priority is for PUs is the basic
assumption. When a PU interrupts a SU and starts
transmission, SU finds if the service time of its own is more
than the service time of PU. In case it is so the SU that faced
interruption is waiting on the same channel. Subsequently,
the PRP principle is executed with the following two
queuing assumptions: interrupted SU has a high priority in
the queue; other SUs have low priority and wait. The
transmission is better now as well as no data loss.

The proposed work in this paper utilizes the network
queuing model of the (PRP) M/G/1 as shown in Fig.1. The
M/G/1 (1 stands for single queue analysis) shows a basic
mathematical modelling [12] following users arriving in the
Poisson pattern process; the processing period, that service
rates of users are independent, identically distributed and it
is in exponential fashion too. The interrupted SU can wait at
the present channel for PU to finish its transmission. The
alternative is SU is taken to the high priority queue. That SU
receives the chance first to transmit; others wait in that
channel with low priority. The extremity is there; perform
spectrum handoff of and go to another channel. This
distribution enables to model client’s inter-arrival time or
service rates. The Poisson distribution enables to determine
the particular number of arrival probability at a particular
time. These stages are carried out as well as the arrival order
process is followed (FCFS). The necessary and definite
condition is:

A
P=;<1 1)

Else queue length will explode. By assuming mentioned
facts the state of the spectrum system can be described at a
point of time which is arbitrary by doing simplification of
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the tasks’ count in the system. If rates of inter arrival as well
as processing times are exponential, then the time
distribution until the next one is arriving or completion of
service is not affected by the elapsed time from the last
arrived and last service completion. This is due to the
memory less property in an exponential distribution form. In
the FCFS order process means the past has no information
waiting for users in the queue. The network queuing model
(PRP) M/G/1 is chosen as the queuing model during the
absence of buffer or when there is no population size limit.
In addition to implementing the mean arrival rate and mean
service rate alone being available will suit this area.

High Priority Queue
Centralized

New Interrupted SUs —)l | SU1 | su2 | SU3 I—’
Cognitive Device

(CCD)
New SUs —>| | Su4 | SuUs |SU6 |—’

Low Prioritv Oueue

Figure 1: Centralized Pre-emptive resume priority (PRP)
M/G/1 queuing model

To select a target channel, a Centralized Cognitive
Device Network Manager (CCDNM) is utilized. For SUs it
is improving efficiency, accuracy as well as minimizing
battery energy. The handshake signals count too is minimal.
Either based on a fixed sequence or probabilistic sequence,
each SU is linked with each other. Related to target channel
rates as well as the one that exists (as non-identical rates are
assumed) is modifying the remaining service times. The two
mentioned schemes are generated and enumeration is done
[4-5]; they are of fixed sequence transition matrix form
Ryixeq; NeXt a sequence of stochastic sort R,,.,,. Optimizing

these matrices yield minimal extended data delivery period.

S11 S12 S1,mt
Rfixea = | S21 S22 So.Mt @)
Nmax1 Snmaxvz Snmavat
I D
Rpmb = rz(l) 1’2(2) Tz(Mt) ©)
[CY R ¢))] (Mt)
e Tme 7 Tue
Here in s; ,, denotes the target channel of SU, whereas the

default channel is 7, and it is after i" interrupted time, the
overall number of permitted interruption before connectivity
was dropped is shown as 7,,,,. The channel selection

probability is k, when the default channel of SU 7, is rn(tkt),
1 <k; n. < M,, and M,is the entire channel count of s.

3. PROPOSED IWO ALGORITHM IN THE
SPECTRUM HANDOFF FOR SUs

Step 1: SUs are based on the number of variables chosen
around the process’ probability of search boundary. Random
initialization of seeds is present or seeds are randomly
dispersed in solution space, so that the seeds’ mapping is
carried out based on the number of SUs.

Step 2: On the fitness function basis, the fitness of SU (later
to initializing) is evaluated (or) to optimize objective
function is selected. The fitness attachment point is
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separately calculated for doing handoff. For joint objective
function optimization, the following equation is used.

To form a combined cost function for achieving the load
balance as well as joint optimization of overall extended data
delivery time in the coverage area of 1st/ 2nd Network: [2].
G(X,al,a2)
=al {E [Tprob (Or)Tfixed]}

w() (fi + Vi(X)>

L

- a2
1<i<P+Q

Subject to & + y i(X) <z for 1<i<P+Q

Case 1: al=1, a2=0: When SU wishes to minimize total

extended data delivery time then alone a handoff decision

occurs: EDD-L.

Case 2: a1=0, a2=1: Considering the new attachment point

load traffic and balancing in all dissimilar attachment points,

a handoff decision is made: OPTF.

Case 3: al=l, a2=1: After checks for minimum overall

extended data delivery time and load balancing condition,

the decision is made.

Step 3: Based on individual loads and minimum total

extended data delivery time, attachment points are selected.

Or rank 1 is specified when the load is minimum and a

minimum total extended data delivery time.

Step 4: The attachment point connecting linearly varies from

Minax t0 Mpin. The formula that decides is,

Mobile Nodes(SU) count = LMF/orst M
best —fworst

Mmin+Mmin 5
where
F : ith fitness of the network
Fuworst : fitness of the poorest network.
Frest fitness of the best network
Minax maximum number of SUs
Min minimum number of SUs
Step 5: Subsequent to comparison of the access points’ loads
and minimum total extended data delivery time of
connections of SUs. Such calculations took place for SUs
with options of access point with 3 or even more numbers.
Then the connection is made with one that has the least load
and minimum total extended data delivery time. Usually
handoff requesting SUs are connected through attachment
points for those with zero mean value and varying values of
SD. The following formula is used:

_ (iteryq, — iter)"™NL
Titer = T (itetingr)

+ Gfinal

max ~

(Uinitiaz - Ufinaz)

©)
where

iterma, maximum iteration user assigned value

iter : present iteration value

Oinitiar ANd Ofinq  Initial and final user assigned early SD
values

Step 6: Eradicate highly loaded attachment points and the
others with high time extended totally for delivering data.
Retain them who opt to be least loaded and with a minimum
total extended data delivery time.

Step 7: The iterations are done until reaching the best
possible optimal fitness value.

4. IMPLEMENTATION OF IWO

FOR SUs

4
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SPECTRUM HANDOFF

Input Parameter: [Seeds(min), Seeds(max)] = [0,2]

Count of decision variables =2

Maximum size of population of weeds = 1000

Output Parameter: For selecting the best networks as well as
channels. Once the mapping of variables is done, the IWO
algorithm goes through modifications for suiting the
problem needs to optimize the spectrum handoff. The IWO
algorithm in proposal (Figure 2.b) to optimize network loads
and to minimize its total extended data delivery time of SUs
at the time of handoff. The following are the steps (Ref
Figure 2.a):

1. Selecting the Networks as well as channel possibly the
best.

2. Utilize fixed or probability scheme to select a channel as
well as depending on traffic in the network select network.

3. Compute the fitness of every channel as well as networks
depending upon the load of the network (by fixed or
stochastic method)

4.1 Compute the load of the network by the equations given
as follows: ¢; =Xe;and iX) =Xe;

e=data rate, i= attachment point and j= Mobile node the
constraint is, £; + y;(X) < z

4.2 Optimized Fitness Function for Load Balancing:

Min = Z (fi "'lez'(X))2

4.3 Joint optimized Fitness Function

G(X,a B) =

: 2
amin{E | Tprop(oryTrixeal} — BEW() ("”Zj)
W(i)= weight factor (Network)
5. Following the order of the least load the attachment points
are chosen as well as based on the emptiest period the best
channel is chosen.
6. Avoid the networks heavily loaded as well as the channel
with a minimal empty period
7. Choose the channel with the emptiest period as well as
loaded to the least extent.

5. PERFORMANCE ANALYSIS

The effect of applying the procedures of the new
metaheuristic type algorithm of Invasive Weed Optimizing
(IWO) to dissimilar channels being modelled at CR
networks are mentioned here. Comparing is done with
always stay and always change (IEEE 802.22 WRAN)
Standards added to random selection strategy. In the strategy
where selecting is randomly done, from the central pool one
of the channels may be selected which has the same
probability. The target channel selecting strategy is
additional to the future benchmark that will take place. CR
network with a channel number of five with uf’s‘t)z 0.05for 1
<k,<5, t; =1 n,,,=10 and r=6 is taken for consideration.
Asis one as well as the same to each channel; changes are
being done from 0.01 as well as 0.032. For non-

homogeneous loads, ( 20 22 22 240 38%= (0,007,
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0.02, 0.035, 0.03, 0.01). For homogeneous loads, A%"=
0.025for 1<k, <5.

[ Channel selection in the Networks ]
]
Channel Selection parameters Load and
extended data delivery time of SUs.
¥
Calculate fitness of individual channels in
the attachment point for spectrum handoff

Attachment points are sorted in the order of
—» the least load, and less extended data delivery

time of SUSs are given rank 1
[ 2
SUs nodes connect to attachment point by RSS

method
Y
Calculate the fitness of each attachment
point and stray node combination

¥
Eliminate the higher loaded and higher extended
data delivery time of SUs attachment point
option and retain the least Loaded and less less
extended data delivery time of SUs option.

Start

Check if the number of SUs are
connected to Network1/Network2

I

Initially SUs are randomly connected to
Networkl/Network?2  satisfying  the
condition £+ X =g

l

Check the total number of load on
Network1/Network2 and eliminates the
one with higher loaded and higher
extended data delivery time of SUs
Networkl/Network?2.

}

Check if the number of iterations
is done

No

l, Yes

Give the best fitness value as the
optimized result

(b)

Figure 2: (a) IWO applied to Spectrum Handoff, 2.(b) proposed
spectrum handoff decision

But for channels that are not similar, ( p

(4)
T

last case which are identical,

@ @ 6
se  Hse Mse

1) = (0.1; 0.09; 0.15; 0.12; 0.2). The channels of the

w9 =01 for 1 < k, < 5.
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Values of n,,,,.as well as r having selected from previous
observation results at [5]. Many more parameters than from
early study in [4] are also chosen for comparison. Table 1,
Table 2, as well as Table 3 respectively are summarizing the
GA, PSO and IWO parameters.

Table 1: GA parameters

gg[}f‘;""“o”s 20000 | Population size | 2000
Delayed | 550 | Elite count 100
generations limit
Crossover 09 Stalled time w
probability (pc) ' limit
Table 2: PSO parameters
!\lumper of 20000 Numper of 2000
iterations particles
Stalled
iterations 500 [pos® pos™] [01.(())(())5)1
limit
Wmin 03 Wmax 1
Cognitive 1 Social 1
coefficient coefficient
Table 3. IWO parameters
Number of [Seeds(min),
iterations 20000 SeedSimax)] [0.2]
No. of Maximum weed
decision 2 - : 2000
. Population Size
variables
Variance
[iwo® iwo™] [0'1%%(])1’ Reduction 3
Exponent
Initial Value Final Value of
of Standard 15 Standard 0.0001
Deviation Deviation

5.1 Validation of model —analytical type

Simulations for the paper’s work for CR network are
carried out using MATLAB/ SIMULINK 2016a software.
Fig.3 and Fig. 4 shows the simulated results for a dis-similar
general channel having loads of homogeneous and
heterogeneous networks of CR. Such results validate the
mentioned analytical model and ensure that the assumptions
are right. The graph shows the implementation of the
algorithm of IWO in various fields: the fixed sequence
transition matrix Ry;,.4 for achieving proactive fixed
sequence method optimizing task. Stochastic sequence
transition matrix R, for achieving optimizing proactive
stochastic sequence method. The IEEE 802.22, WRAN
Standards inclusion to compare performance from [13].
Optimization of Extended Load Balancing Model too is
carried out and it reaches very close to the optimized
solutions of PSO as well as GA.

From Figure 4, it is clearly observed that the *Extended
data delivery time’ of every SU remains high; it is minimal
in the method of IWO-PROB. The method of IWO-Prob too
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yields improved results in comparison with the traditional
scheme as there is optimizing of extended data delivery
time.

Non-identical Channel Performance(With homogeneous)

IWQ Prob optimized

IWO Fixed optimized
—=—Prob PSO oplimized
—&— Fixed GA optimized
—#— A-Stay
—#—Ext. Load Balanced
g | S Random selection
A-change

30

b2
h

Average extended data delivery time{E[T])

0.02 0.025 0.03

Average Arrival Rate of PU user

0.01 0015 0.035

Figure 3: Extended data delivery time performance comparison
with inter-arrival time of PU for non-identical channel case with
homogenous loads.

Non-identical Channel Performance(non homogeneous)

WO Prab optimized
IWO Fixed optimized
#— Prob PSO optimized
25 | —6— Fixed GA oplimized
—#—A-Stay
—#—Ext. Load Balanced
—&—Random selection
A-change

30

20

*—**

Hﬁ%/y'
—ﬁ——ﬁ"ﬁf

Average extended data delivery time(E[T])

0.02 0.025 0.03

Average Arrival Rate of PU user

0.01 0015 0035

Figure 4: Extended data delivery time performance comparison
with inter-arrival time of PU for non-identical channel case with
non-homogenous loads.

5. 2 Performance measurement of load

The comparison of load distribution vs covariance of load of
the proposed method has been illustrated in Figure 5. It has
been observed that for optimizing, IWO algorithm
performance is better. This is due to loads being evenly
distributed to all attachment points.

P+Q
i, X =X (Y —Y) o

(Q +P)—1

The proposed algorithm is extensively utilized compared
to algorithms of A-change and Fixed-IWO algorithms. The
plot in Figure 5 depicts that covariance load decreases when
the number of handoff requesting SUs is increases. Also it
shows that the Covariance increases for the SSF algorithm.

Covariance (CoV)
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However, the covariance load decreases in the Prob-IWO.
The results clarify that the performance of IWO is superior
to A-change and Fixed-IWO in particular in vertical handoff
problems the primary concern is network load optimizing
task. The decrease in the covariance of load indicates that all
attachment point has equally distributed load.

Covariance of Load

S

O

O

- A Change

[S]

g

= mFixed IWO

S Optimized

o Prob IWO
Optimized

300 600 900 1200
Number of Mobile Nodes

Figure 5: Load distribution for 1200 Mobile Nodes

5.3 Accuracy
Accurarcy
100
-, 80 -
(&)
s 60 -
e
>
g 40 1 m Training
< 20 - Accurarcy
0 m Validation
- Accurarcy
<
& & L
C‘;Q(b' b’x 0
LA
Algorithm

Figure 6: Training and validation accuracy scores

Accuracy of training as well as validating algorithms are
shown in figure 6. The optimized prob-IWO scheme had the
utmost accuracies at 85.8% as well as 77.2% at the same
time A-change had the smallest accurate algorithm for the
dataset given. Definition for Accuracy is:

Number of correct predictions

Accuracy = (8)

total number of predictions
6. CONCLUSION

In this research work, the mathematical model for a CR
network’s channel that is not identical has been proposed.
The (PRP) M/G/1 queueing network is modelling the SUs’
extended data delivery period E[T] for analyzing. This
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model enables evaluating SUs’ extended data delivery
period E[T] in case of fixed or stochastic transition matrices,
utilizing meta-heuristic methods inspired by nature: Particle
Swarm Optimization, Genetic Algorithm and IWO inclusive
of channels which are not identical having homogeneous or
non-homogeneous loads. Also, the validation of the work in
the proposal is done by simulations. Selection of target
channel methods comparison with each other based on the
shown performance by the matrices after doing optimization.
After obtaining numerical results, an analysis comparing
genetic algorithm, invasive weed as well as particle swarm
optimization is done. From the numerical results, it is known
that Ryixeqand R,,.,p Dy Optimizing yield results which are
similar and in that a scheme that has a proposal to force a
selected fast hybrid target channel is available. Compared
with IEEE Standards for target channel selection, this
proposed IWO method yield good outcomes.

The extension of future work can be carried out as
follows. The model can have a service time distributed- to
mention it in a general way. It will be by utilizing IWO for
selecting the hybrid type (which can adapt to fixed as well as
stochastic). The rest of the formulas may be suitably
changed for the hybrid method to get still a reduction of
extended data delivery time. Various mathematical
modelling used earlier and present works will yield good
future work. It is presently under study. Research works
done till now highlight feasible features of the latest
formulae. This can be optimized further; it will lead to
network capacity significantly increased extending facility to
still more SUs. This is in a situation where the delay
constraint parameters which are very strict.
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