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Abstract: Cognitive Radio Ad Hoc Networks (CRAHNS) constitute a viable solution to solve the current problems
of inefficiency in the spectrum allocation, and to deploy highly reconfigurable and self-organizing wireless
networks. Cognitive Radio (CR) devices are envisaged to utilize the spectrum in an opportunistic way by
dynamically accessing different licensed portions of the spectrum. However the phenomena of channel fading
and primary cum secondary interference in cognitive radio networks does not guarantee application demands to
be achieved continuously over time. The limited available spectrum and the inadequacy in the spectrum usage
necessitate a new communication standard to utilize the existing wireless spectrum opportunistically. Here, we
discuss the existing mechanisms that are followed to improve the optimization of channel allocation in cognitive
network. This paper compares the techniques used to optimize the Secondary User’s performance in Channel
Allocation.
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l. INTRODUCTION

Adhoc Network is a collection of wireless mobile hosts forming a temporary network without the aid of any
established infrastructure or centralized administration. Each node is considered to be alike here. It is needed to
introduce some intelligence to the adhoc networks in order to improve their throughput efficiency. The concept of
Cognitive Radio (CR) has been employed to achieve this. CR enabled devices are 'clever' and can listen to the
surrounding wireless environment and can select the appropriate frequency band, modulation scheme or specific
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power level as per the requirement. In this way an ability of self decision making can be incorporated in the wireless
adhoc networks.

The frequency spectrum is a limited resource for wireless communications and may become congested owing to a
need to accommodate the diverse types of air interface used in next generation wireless networks. This spectrum if
utilized in an efficient manner, can lead to better utilization of the network.

Wireless technology has enabled the development of increasingly diverse applications and devices resulting in an
exponential growth in usage and services. These advancements made the radio frequency spectrum a scarce
resource, and consequently, its efficient use is of the ultimate importance. To cope with the growing demand,
network design focused on increasing the spectral efficiency by making use of advancement in Cognitive Radio
technology. Cognitive Radio can reduce the spectrum shortage problem by enabling unlicensed users equipped with
Cognitive Radios to reuse and share the licensed spectrum bands. Using the fact that a Cognitive Radio is capable of
sensing the environmental conditions and automatically adapting its operating parameters in order to enhance
network performance.

The paper is organized as follows: The Section Il gives an introduction about the Cognitive Radio (CR). The Section
111 describes the existing techniques in CR for route optimization for improving the performance of Secondary user
and Section IV compares the results and interpretations of the existing techniques and Section V concludes the
results.

1. COGNITIVE RADIO

A Cognitive Radio is a kind of two-way radio that automatically changes its transmission or reception parameters, in
a way where the entire wireless communication network of which it is a node communicates efficiently, while
avoiding interference with licensed or licensed exempt users. This alteration of parameters is based on the active
monitoring of several factors in the external and the internal radio environment, such as radio frequency spectrum,
user behaviour and network state. The Figure 1 shows a sample CR network.
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Fig. 1: A Sample CR network
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Regulatory bodies in various countries (including the Federal Communications Commission in the United States,
and Ofcom in the United Kingdom) found that most of the radio frequency spectrum was inefficiently utilized. For
example, cellular network bands are overloaded in most parts of the world, but many other frequency bands, such as
military, amateur radio and paging frequencies are not. Independent studies performed in some countries confirmed
that observation, and concluded that spectrum utilization depends strongly on time and place [4]. Moreover, fixed
spectrum allocation prevents rarely used frequencies (those assigned to specific services) from being used by
unlicensed users, even when their transmissions would not interfere at all with the assigned service. This was the
reason for allowing unlicensed users to utilize licensed bands whenever it would not cause any interference (by
avoiding them whenever legitimate user presence is sensed). This paradigm for wireless communication is known as
cognitive radio.

Since the spectrum present is limited, all users cannot be allowed to access this network. Hence users are divided
into two basic categories.

Primary Users: Since the spectrum present is limited, all users cannot be allowed to access this network of any other
unlicensed users. Primary users do not need any modification or additional functions for coexistence

Secondary Users or Unlicensed Users: They access the licensed spectrum as a visitor, by opportunistically
transmitting on the spectrum holes.

1. COMPARISION OF THE EXISTING TECHNIQUES IN OPTIMIZING THE
PERFORMANCE OF SECONDARY USER

Cognitive Radio accommodates Genetic Algorithm (GA) into it to develop the adaptation ability of GA. Time
Division Multiple Access (TDMA) and Carrier Sense Multiple Access (CSMA) are the two common multiple access
techniques used for Performance evaluation. TDMA is used by the Primary Users (PU) to access the channel and
slotted CSMA is used by the Secondary Users (SU) to sense the time slots of TDMA, so that they can send packets
when the time slot is idle. The number of buffered packets and the channel conditions determine the number of
packets that can be sent. In some cases, the number of sent packets can be small, because either the number of
buffered packets is small or either the channel condition is poor. In such cases, the resources are wasted. So if the
TDMA scheduling scheme is carefully designed, the wasted resources can be effectively utilized by SU. The
transmission of SU could begin from any sensing point of carrier sensing period if the channel is idle.

A search algorithm which is based on the mechanics of natural selection, genetics and evolution is Genetic
Algorithm (GA). Chromoses are the population of solutions which GA used to work with. It can also be referred as
individuals or strings. The initial population is provided with either at random or by using problem specific
formation. And then according to the optimization criteria and the fitter, the fitness of each chromosome in the
population is measured and the individuals are selected. The main transformations found in GA are crossover and
mutation. Crossover creates two children by combining material from the initial chromosomes (parents) whereas
mutation alters one or more genes. After that, the new population is ready for its next evaluation.
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Fig. 2: Time slot structure for Primary Users and CSMA for Secondary Users.

The process is repeated and when a termination criterion is reached, the best chromosome is selected [7] [8].
Throughput of the slotted CSMA network due to secondary terminals is analyzed. The throughput of slotted CSMA
due to secondary terminals Sc is defined as the time taking rate of successful information carrying for secondary
terminal during a time slot of primary TDMA network.

GA is search algorithm based on the mechanics of natural selection, genetics and evolution. They work with a
population of solutions that are known as chromosomes or individuals or strings. Strings consist of genes that
are usually binary numbers. At first, an initial population is provided either at random or by using problem specific
formation. Then the fitness of each  chromosome in the population is measured according to an optimization
criterion and the fitter individuals are selected. Some of them undergo transformations to produce offspring for the
next generation. The main transformations are crossover and mutation. Crossover creates two children by
combining material from the initial chromosomes (parents) whereas mutation alters one or more genes. After that,
the new population is ready for its next evaluation. The process is repeated and when atermination criterion is
reached, the best chromosome is selected [7] [8].

GA has the following components:

A genetic representation of solutions

An evaluation or fitness function that plays the role of the
optimization criterion

Genetic operators

Values for various parameters that GA uses(population
size, probabilities of genetic operators etc)

A termination criterion
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GA is applied to solve the following characteristics [9]:

» Representation — A chromosome represents a cell from the cellular system where a call is referred and
a binary gene corresponds to a channel. The number of bits in a chromosome is the number of channels
that the cell may serve.

» Evaluation function — The evaluation function that determines the fitness of the chromosomes is the
energy function of the model.

» Genetic operators: Biased random selection together with two point crossover and simple mutation are
used.

X[Np] = genlnitChromosome();
/* generate stochastically initial chromosomes, X[N ], with a uniform random number, where N, is the number
of population */
for (i =0;i < Kpax: i ++) {//Knay is the generation number.
X[N¢] = crossover(N,, X[N,], p);
// generate new chromosomes, X[N.], using crossover method with crossover probability p.
/I N, is the number of population that are produced by the crossover method.
X[N,] = mutation(N,,, X[N,]. q);
/I generate new chromosomes, X [N, ], using mutation method with mutation probability g.
/I N, is the number of population that are produced by the mutation method.
X[Nplnew = selNewChromosome(X[N,], X[N], X[Nn]):
// select new best chromosomes, X[Np]uew, among X[N,], X[N,], and X[N,,].
X[Np]l = X[Nplnew: / assign X[Np]new to current chromosomes, X[Np].

}

B = selBestChromosome(X [N ]): // select the best chromosome, B.

Fig. 3: The Procedure of the genetic algorithm

The tabu search [10, 11] is a mathematical optimization method that belongs to the local search techniques. Memory
structures are used to enhance the performance of tabu search. The tabu search algorithm, which was first proposed
by Fred Glover [10, 11], is based on using the mechanisms that are inspired by the human memory. The proposed
tabu search algorithm is characterized by the following steps:

Step 1: The construction of an initial solution

Step 2: The structure of generating the neighborhood solutions
(a) The remove move operation
(b) The replace move operation
(c) Selecting an inferior solution

Step 3: Repeat step 2 until the termination criterion is met

An initial solution with the feasible state is generated by the tabu search before finding the optimal solution. The
initial solution becomes simultaneously a best solution and a current solution, and this solution is inserted into a
memory list, which is called the tabu list. The tabu list is one of the mechanisms to prevent cycling and guide the
search toward unexplored regions of the solution space. The dynamic size of a tabu list plays an important role in
finding the better solutions for NP-hard problem [12]. In the experiment, for any given number of nodesN, the size
of a tabu list is reset every 20 iterations to the value of between [N, 3N] uniformly distributed. Once the tabu list is
full, the oldest element of the tabu list is removed as a new one is added. The tabu search generates neighborhood
solutions for the current solution, and the tabu search then updates the current solution with the tabu list during
successive iterations. In each iteration, the set of neighbors of the current solution is built by the neighborhood
generating operations, and only the neighbor with the highest value is selected as the new best solution of the next
iteration. If there is no new best solution in the tabu list, then the new best solution is accepted in the process of
selecting candidate solutions; otherwise, another solution that has the next highest value becomes a candidate
solution. The cost of the new best solution is compared with the cost of the best solution. If the cost of the new best
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solution is better than the cost of the current best solution, then the new best solution is accepted as the best solution;
otherwise, the number of iteration only increases. Irrespective of the result of the cost function comparison, the new
best solution is inserted into the tabu list, and it is assigned the current solution of the next generation. Figure 4
presents the procedure of the proposed tabu search for the routing optimization problem.

Xp = genlnitSolution();
/ generate stochastically an initial solution, Xy with a uniform random number generator.
Xp = Xo, X, = Xo: // a best solution: X, a current solution: X,..
insertTabulist(Xp); // insert X into tabu list.
for (i =0;i < Kjpax: ) Kpay is the number of iteration.
Srm = removeMove(X,);
/I generate new solutions, S, by removing move for all nodes of X
S,p =replaceMove(X,);
/I generate new solutions, S,p, by replacing move for all nodes of X..
S = selBestSolution(S, ., S;p); // select a new best solution, §, among S,,, and S,,.
for (;3) {
if (isTabulist(S)) // check whether § exists in tabu list.
S = selNextSolution(S,, 5rp); // select a next best solution among S,,, and S,.
else break; // if not, break loop.

}
D = cost(S) — cost(Xp): // calculate the difference value, D, between cost(S) and cost(Xp).
if (D < 0){
Xp=S,i =0;//if D is negative value, assign S to Xp, and set i = 0.
}

else i + +; // increase the number of iteration.
insertTabulist(S); // insert S into tabu list.
X.=8;// assign § to X.

!

B = Xp: // the final best solution, X}, is the final solution, B.

Fig. 4: The procedure of proposed tabu search

(AVA RESULTS AND DISCUSSIONS

The performance evaluation of Single Channel combined TDMA/CSMA system shows that the two systems can
operate together. With a total traffic load of 1 Erlang (the maximum the channel can support) the total
throughput was close to 0.55 Erlangs, showing only 55% of the channel capacity is being used [14] . Figure 5
shows the throughput for single channel combined system.

TOMA in Single Channel TDMA 8 CEMA
0.8 T

DG}

Odf------

4
[
[
1
1
(.
[
1
1
1
1
[
[
1
1

T

D2}------

TOMA Throughput (S)

i
'
'
]
'
1
'
]
'
d
'
- - JE S,
]
'
'
'
]
1
'
'
'
]
]
1

F--=-=--p--

D 02 04 OE 08 1
TOMA Offered Traffic (G)

Fig. 5: TDMA throughput for Single Channel combined System

© 2014, IJ)CSMC All Rights Reserved 65



V.Jayaraj et al, International Journal of Computer Science and Mobile Computing, Vol.3 Issue.7, July- 2014, pg. 60-69

CEMA In Single Channel TOMS & CEMA

0.08 : : :
= 00Bf---7---:
5 D.04;—+----- foeranes TETTRTEEE AR
—— ' ' '

— ! ! :
<L : ; ;
= 0DD2t-------- Bomo- SRR
I:":I 1 1 1
= ; : !
0 : : :
0 0.2 0.4 0.6 0.8

CShA Offered Traffic (5]

Fig. 6: CSMA throughput for Single Channel combined System

The primary user system as shown in Figure 6 dominates channel access, although the throughput of the
primary user system is reduced slightly by the presence of the secondary user system, indicating that the
secondary users cannot completely avoid interfering with primary user transmissions. The throughput of the
secondary user system as shown in Figure 7, is reduced significantly by the primary user system. At high offered
traffic levels, the channel becomes heavily occupied by primary user transmissions [14]. The secondary users have
very little opportunity to transmit on the channel and so the throughput of the CSMA system is extremely low. At
offered traffic levels, the throughput of the CSMA system is still very low, despite the channel being free a
significant portion of the time.
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Fig. 7: Total throughput for Single Channel combined System
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The reduction in throughput of both systems as shown in Figure 8 is due to the following possible collision

conditions:

0 A TDMA user starts to transmit a packet during a CSMA transmission.

0 A CSMA user transmits a packet during the vulnerable period (a) of a TDMA or CSMA packet
transmission, which means that the channel is sensed idle but it is actually busy. This vulnerable period
is a direct consequence of the propagation delay

The tabu search algorithm with two meta-heuristic algorithms, the genetic algorithm and the simulated annealing,
via computer experiments. The algorithms were applied to optimize the routing problems with four different
network topologies. The topologies are called problems A, B, C and D. Each problem contains some nodes and
links, as is shown in Tablel.

TABLE 1
Problems for the experiment
Problem # of nodes # of links
A 80 225
B 160 456
C 320 923
D 640 1862

The routing cost of the tabu search is measured with the number of iterations: 10, 50, 100 and 200. Figure 9 plots the
minimum routing cost as a function of four problems for the proposed tabu search. In general, if the number of
iterations increases in the tabu search algorithm, the probability of finding the optimal solution increases. In this
figure, it is observed that the results of the minimum routing cost are similarly represented irrespective of the
number of iterations in the small size network. This means that the proposed algorithm can find an optimal solution
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in the small size network though a small number of iterations are applied to the proposed tabu search. On the other
hand, by increasing the number of nodes in the network, it is observed that the tabu search with the larger number of

iterations finds an optimal solution with better performance [13].
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V. CONCLUSION

TDMA technique is used by the primary users to access the channel and CSMA which are used by the secondary
users in Cognitive Radio technology with the help of Genetic Algorithm. Specific recommendations include
incorporating more formalized prediction algorithms into the cognitive engine loop in order to create more proactive
operations; develop interdisciplinary architectures with cognitive scientists and investigate lesser known Al
algorithms. This proposed model gives better performance in comparison with the model which do not uses Genetic
Algorithm. Another method was designed by using the tabu search algorithm, which is a typical meta-heuristic
algorithm. The performance is evaluated by varying the number of nodes and links, and the proposed algorithm is
compared with other meta-heuristic algorithms in terms of the routing cost and the average execution time for the
routing problem. The comparison results showed that the tabu search outperforms other algorithms in terms of the
routing cost and average execution time under various constraints, and it is suitable for adapting the routing
optimization problem. Hence adopting tabu search algorithm for routing optimization will be a better solution that
using Genetic Algorithm which would be the future work of this scope.

REFERENCES

[1] Charushila Axay Patel, Sanjay Kumar, “Enhancing Throughput Efficiency of Adhoc Wireless Networks using Cognitive Radio Approach”,
International Conference on Devices and Communications, 978-1-4244-9190-2/11, 2011 |IEEE

[2] Taub & Schiling, Principles Of Communication System, TMH, 2004.

[3] Ismail Butun, A. Cagatay Talay, D. Turgay Altilar, Murad Khalid, Ravi Sankar, “Impact of Mobility Prediction on the Performance of
Cognitive Radio Networks”, Wireless Telecommunications Symposium, 978-1-4244-6557-6/10, 2010 IEEE

[4] Dr.V.Jayaraj and J.Jegathesh Amalraj, “ Efficient Spectrum Sharing and Allocation Schemes for Throughput Enhancements in a Cognitive
Radio Network” , ICCNT, 2012.

[5] XuLing, Song Li, “Enhancing the Capacity of Spectrum Sharing Cognitive Radio Networks”, IEEE Transactions on Vehicular Technology,
Volume.60, No.8, 0018-9545, 2011 IEEE.

[6] Cuiran Li, Chengshu Li, “Opportunistic Spectrum Access in Cognitive Radio Networks”, International Joint Conference on Neural
Networks, 978-1-4244-1821-3/08, 2008 IEEE.

[71 R. Rom and M. Sidi, Multiple Access Protocols: Performance and Analysis, New York: Springer Verlag, 1990.
[8] Zbigniew Michalewicz, Genetic Algorithms + Data Structures = Evolution Programs, 3 Rd ed., Verlag,1996.M

[9] Harilaos G. Sandalidis, Peter P. Stavroulakis, J. Rodriguez-Tellez, Application of the genetic algorithm approach to a cellular dynamic
channel allocation model, IMACS Symposium on Soft Computing in Engineering Applications, Athens, Greece,June 1998.

[10] Glover, F. (1989). Tabu search, Part I.ORsimulated Annealing Journal on Computing, 1, 190-206.
[11] Glover, F. (1990). Tabu search, Part Il.ORsimulated Annealing Journal on Computing, 2, 4-32.

[12] Kulturel-Konak, S., Norman, A. E., & Coit, D. W. (2003). Efficiently solving the redundancy allocation problem using tabu search.llE
Transactions,35, 515-526.

[13] Kil-Woong Jang, “A tabu search algorithm for routing optimization in mobile ad-hoc Networks” , Telecommun Syst (2012) 51:177-191
DOI 10.1007/s11235-011-9428-1.

[14] Maninder Jeet Kaur, Moin Uddin, Harsh K Verma, “Performance Evaluation of CSMA/TDMA Cognitive Radio Using Genetic
Algorithm”, International Journal of Soft Computing and Engineering (IJSCE) ISSN: 2231-2307, Volume-2, Issue-3, July 2012.

© 2014, IJ)CSMC All Rights Reserved 69



