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ABSTRACT

Cognitive Radio has been emerged as a revolutionary solution to migrate the current shortage of spectrum
allocation in wireless networks. In this paper, an improved localized channel allocation algorithm based on
channel weight is proposed. A factor of channel stability is introduced based on link environment, which
efficiently assigns the best channels to the links. Based on the framework, a conflict resolution strategy is used to
make the scheme adaptable to different network conditions. Calculations indicate that this algorithm can reduce
the conflicts, increase the delivery rate and link assignment rate compared with the basic channel assignment

algorithm.
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I.  Introduction

With  the  development  of  wireless
communications, the demand for spectrum resources
is growing, and the traditional method of spectrum
allocation is challenged greatly with the reason of
low utilization of the spectrum. CR (cognitive radio)
technology is considered to be the best solution to
solve this problem [1][2].

In the cognitive radio network, the secondary
(unlicensed) users (SUs) are allowed to
opportunistically access any idle frequency that is
originally allocated to the Primary (licensed) users
(PUs) but currently not occupied. A Graph-coloring
model was put forward by Wei Wang. This model
abstracts the spectrum allocation problem into a
graph-coloring problem [3]. Greedy Algorithm and
Fair Algorithm were present based in this model. A
spectrum aware channel assignment algorithm is
addressed [6] to minimize the interference to PR
nodes, maximize the connectivity and to minimize
the interference between CR nodes due to channel
reuse. Demand-based spectrum allocation algorithm
was proposed by Y. Ding to satisfy the requirement
of actual networks [12]. In order to reduce the
complexity of the algorithm and time cost, parallel
algorithm of spectrum allocation[16] is introduced to
realize the quick spectrum allocation, while it cannot
guarantee the access fairness. Some other works
study the cross-layer optimization, considering both
network and link layers [17].

In this paper, a localized channel allocation
algorithm based on channel weight is proposed. A
function for calculating channel stability is
introduced based on link environment. Conflict
probability and then channel weight is calculated
which efficiently assigns the best channels to the

links. The delivery rate and link assignment rate are
increased as compared to the basic channel
assignment algorithm. Our goal is to minimize the
interference between nodes due to channel reuse and
maximize the Connectivity.

Il.  Channel Allocation Model

The channel allocation model is described by a
graph G (V, E) where V denotes the set of vertices
corresponding to CR nodes and E denotes the set of
edges corresponding to possible communication
links. In addition, the allocation model in this article
is described by several matrices. In our model, we
assume that environmental conditions such as user
location, available spectrum are static during the time
it takes to perform channel assignment. In this model,
an edge exists between two CRs if they can directly
communicate in the absence of any PR activity. Two
links are adjacent if they share one end node.
Conflicts exist if two adjacent links are assigned the
same channel. For the i CR, denoted by v;, its one-
hop neighborhood N(v;) is the set of all CRs it can
communicate with based on G(V, E). We also define
C(v)) = {Cy, Cs..... C} to indicate the set of idle
channels sensed by v;. Here C(vj) € C where C
denotes the set of total available channels in the
network. C, is not equal with C, due to the different
interference ranges of primary users at different
locations. The matrices and parameters needed is
shown as follows:
e Auvailable Channels: The available channels for

link uv is defined as C, N C,, denoted as C,.

e Group (cluster): A group or cluster is a special
2-level tree with one independent set node, and a
set of adjacent links associated with that node. In
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each cluster, each link is ‘‘handled’’ by the parent
node, called host or head.

e Vertex Vector: V is the vertex of the graph,
which represents N cognitive users.

o Edge Matrix:E= {ejle; € {0,1}, i, j=1,2,...... N}
is a Nby Nbinary matrix, representing all edges of
the graph. An edge is available between nodes i
and j if e5= 1. And if e = 0, the opposite.

¢ Channel Availability Matrix: A={a;| ax€ {0,1},
1=1,2,....E, k=1,2,...... M} is a E by M binary
matrix representing the channel availability.
Channel k is available for link i ifa; = 1. And if
ay= 0, the opposite.

e Channel Assignment matrix: X={x;] X €¢{0,1},
i=1,2....N, k=1,2,...... M} isaE by M binary
matrix which represents the final distribution of E
links to M channels, and x;=1 indicates that link
i shares the k™ channel. And if x;=0, link i cannot
use the k™ channel.

e Condition:
Ifay=0
then x;= 0
For any link i,
Xyxi= 0 (for all k € neighbors of node i)

Maximize

M
2.

E
=1 k=1

2

where Xix < aji

I11.  Channel Allocation Algorithm
3.1. LACR Algorithm

LACR is a localized scheme, which calculates
channel weight for all common channels based on
maximum connectivity and minimum interference
within CR nodes. Some assumptions of LACR are as
follows: First, a common channel, which enables CR
nodes to transmission information, is used. Second,
each node should maintain lists of locally available
channels that are not occupied by primary users.
Third, in our algorithm, the communication range
equals the interference range and each link is only
assigned with a single channel.

3.2. Channel Weight Calculation

Link Degree (D) of any link uv between u and v is
defined as the number of adjacent links of a link uv
or the number of neighbors of u and v.

For any link uv, if Ny is the neighbor set of node u
and N, is the neighbor set of node v, then link degree
is:

Duv=|Ny[+|Ny|

WWW.ijera.com

Connection Degree (G,): If for a particular link uv
using channel m, connection degree is the set of
adjacent links having same channel.

If gy={xx€eeandmeCy, }andg, = {XX €Een
andmeC,, }

then

Gu(m) =guU gy

where e, : adjacent edges of node u
ew . adjacent edges of node v
C,w : the channel set of link uw.
Cww : the channel set of link uw.
For any channel m, used by link uv, L, gives the
sum of reciprocal of total number of channels of all
the links of the connection degree set as defined in

1 X
Luv (m) = Zuw €gy m + va €gy m (1)
For all channels C,, of a particular link uv:

L Cu) = ) Ly ©

c€Cyy
For any link uv using a particular link m:

Conflict Probability p,, (m) = % 2
ceCyy “uv

For a group of nodes in a subset, the sum of
probabilities is 1.

> Dbwm=1

uvesSy, meC
The channel weight of channel m over link uv is

calculated as: w,, (m) = _1‘1;uv (m) 3)

1

3.3. Algorithm Description

The algorithm is divided into two phases.
Maximum independent set is calculated for a network
and nodes in the set are called MIS nodes. The MIS
nodes are marked as head nodes and 2-level trees
each with one head node (MIS nodes) are formed
with a set of adjacent links associated with that node.
In each cluster, the head node handles each link and
this process is called a “partition based on

M1.24)

b(2,4)
d(1,3.4)

e{3.4)

hl134)

gll.4) 1(2,34)
Figure 1: The example topology with independent set
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independent set algorithm as shown in Fig. 1. This
partition will form a set of ‘‘clusters.”” Fig. 2(a)
shows a group obtained because of independent set
and fig. 2(b) shows the corresponding channel
availability matrix.

links

channels 1
ab 0
0
1

ac
ad

2 o
oo o [*%]
[l e el o

Figure 2 (a)Network partition group after run of
MIS, (b) Channel availability matrix of a Group

Then, in each cluster, initial assignment through

maximal matching processing is performed, by

assigning channels to links that minimize channel-
conflict probability as shown in fig. 3.The two phases
are:

e Channel Allocation: In channel allocation phase,
the positions of N cognitive nodes are generated.
The graph is partitioned according to the
maximum independent set calculations. Weight is
calculated and the channels are allocated to each
partition by maximal matching in order to
maximize the weight.

o Conflict Resolution: In conflict resolution phase,
conflicts are solved by taking link priorities.
Priority is based on the remaining number of
channels. If |Uy,| is the number of unused
channels on vw, then it is used as a priority, with
a smaller value corresponding to a higher priority.
This strategy assigns a higher priority to links
with fewer choices of channels.

Table 1: Conflict probability of every channel on
each link.

pab(z) pab(4) pac(z) pab(4) pad(l)
033 | 067 |033 |016 |0

Pad (4)
1

Table 2: Weight of every channel on each link
Wab(z) Wab(4) Wac(z) Wab(4) Wad(l) Wad(4)
033 |0.16 |0.33 |0.16 1 0

Auction algorithm is used to find the maximum
matching. Moreover, the Auction algorithm is a local
greedy algorithm; it only needs the weight
information on each adjacent link in one cluster. The
number of channels and the number of links can be
made equal by adding virtual nodes at either side, so
that the number of channels and the number of links
are the same. The bipartite must satisfy Hall’s
matching theorem [41] by adding virtual edges from
the virtual nodes to apply perfect matching.

ab

vl
Figure 3: The channel assignment process

Algorithm for Channel Selection

Inputs: ‘V’ Number of nodes, ‘C’ total channels in
the network, ‘E’ number of edges, ‘k’ is the size of
maximum independent set

[*Initial Allocation Phase*/

Step 1:S= MIS (V, k) //Maximum Independent Set
Step 2:P « Cluster formation according to the
maximum independent set S

Step 3:forvp,€ P do

Step 4:forvvu € p,, Vm € C,,, do

Step 5:calculate weight wy,(m)

Step 6:calculate maximal matching between
channels and adjacent links by the

auction algorithm.

Step 7:forvvu € p,do

Step 8: update Xy,

[*Conflict Resolution phase */

Step 9:forvuv € E’ do

Step 10: if uv and any link in N, have
conflicts then

Step 11:remove the channel from the

link with the lower priority.

Step 12: forv p,e P do

Step 13:forvvu € p,do

Step 14: if X,v> 0 then

Step 15: py < pv—{vu}

Step 16: E’ — E — {vu},
Cou—Cu— X

Step 17: Ifvp, satisfies |C;| > 0, and X,,=0

for vvu € p,then
Step 18:go to step 2

3.4. Example

Consider an example topology where all the
nodes have single radio interface and there are 4
channels available. For simplicity, we assume that
initially there is no PR activity on any of the
available channels. The links show connectivity with
different nodes. Fig. 1 shows the network when no
channel is assigned to any node. Maximum
independent set is calculated. Network is partitioned
into groups according to the maximum independent
set calculations, as shown in fig. 2. As there is no

WWW.ijera.com 173IPage



Harpreet Kaur Int. Journal of Engineering Research and Applications

www.ijera.com

ISSN: 2248-9622, Vol. 5, Issue 12, (Part - 2) December 2015, pp.171-176

channel assigned in the network, so it calculates
channel weight using equation (3) for each group.
Here we take the channel assignment on a cluster
with head node “a” for an example. We construct a
bipartite graph, and add a virtual nodes on the link
side to conduct the perfect matching. Auction
algorithm is used to find the maximum
matching.Each edge in the bipartite graph has a
weight, as computed in Table2. The weight of virtual
edges connecting virtual nodes is 0. Next, we conduct
the maximum matching shown in Fig. 3. The other
groups conduct their channel assignments in the same
way. The number on each link is the channel
assigned to it. Since link ge cannot get any channel,
we use a dotted line to represent this link.

In this paper, we propose LACR, a highly
efficient and localized algorithm that can adjust well
with cognitive radio network and maximize the node
connectivity. The algorithm is able to achieve the
best-localized initialization by using partitions and
maximal matching. Channels are assigned based on
channel weight calculation and maximal matching is
used with the goals of improving the efficiency while
keeping the connectivity of the network. LACR,
when compared to basic link-based algorithm,
assigns channels efficiently, resulting in much
reduced interference to radio nodes and increased
link assignment rate.Link- based approach is a
random channel assignment strategy in which
channels are assigned randomly to links. These
algorithms does not consider the ongoing PR activity.
Since, our goal is to maximize connectivity and
minimize the interference within CR nodes therefore
we define the following performance metrics:

1. Connectivity Rate: This metric is defined as the
ratio of the maximum reachable nodes over total
number of nodes in the network.

2. Link Assignment rate: It is defined as the ratio of

assigned links over possible links in the network.

e By varying the number of nodes randomly, when
the number of SUs increases, at the same time,
the connectivity rate and link assignment rate
increasesfor the LACR algorithm as compared to
link-based algorithm in which it is reduced with
more nodes due to random assignment.

e By varying the number of channels, in LACR, as
compared to link-based, the link assignment rate
with radio nodes increases as there are more
available channels for opportunistic spectrum
access which causes minimum interference to
other nodes. This is because LACR assigns those
channels which have less conflict probability.

To conclude, the improved algorithm has good

performance for the connectivity rate and link

assignment rate.

IV.  Conclusion

The proposed algorithm predicts the channel
weight and it gives an approach for efficient and
localized channel assignment that can adjust well
with cognitive radio network, maximize the node
connectivity, and based on minimum interference
between CR nodes.Calculating the conflict
probability and then weight provides the secondary
user regarding the channel availability to determine
whether to use the channel or not. This prediction
enhances the channel enhances the communication of
nodes.

REFERENCES

[1] LF. Akyildiz, W.-Y. Lee, M. C. Vuran, and
S. Mohanty, ‘“Next generation/dynamic
spectrum access/cognitive radio wireless
networks: a survey,” Computer
Networks,vol. 50, no. 13, pp. 2127-2159,
2006.

[2] Y. Yuan, P. Bahl, R. Chandra, T.

Moscibroda, Y. Wu, Allocating dynamic
time spectrum blocks in cognitive radio
networks, in: Proc. of ACM Mobihoc, 2007.

[3] A.T. Hoang, Y. C. Liang, Maximizing
spectrum utilization of cognitive radio
networks using channel allocation and
power control, in: Proc. of IEEE VTC, 2006.

[4] Anant Sahai, Shridhar Mubaraq Mishra,
Rahul Tandra, “What is a Spectrum Hole
and What Does it Take to Recognize One?”,
Proceedings of the IEEE, May 2009.

[5] P.R. W. Junior, M. Fonseca, A. Munaretto,
A. C. Viana, and A. Ziviani, “ZAP: a
distributed channel assignment algorithm for
cognitive radio networks,” EURASIP
Journal on Wireless Communications and
Networking, vol. 2011, no. 1, pp. 1-11, 2011

[6] Y. Saleem, A. Bashir, E. Ahmed, J. Qadir,
and A. Baig, “Spectrum-aware dynamic
channel assignment in cognitive radio
networks,” in Proc. of 8th International
Conference on Emerging Technologies
(ICET’12), Islamabad, Pakistan. IEEE,
2012, pp. 1-6.

[7] KN Ramachandran, EM Belding, KC
Almeroth, MM Buddhikot, Interference-
aware channel assignment in multi-radio
wireless mesh networks. IEEE Infocom, 1—
12 (2006).

[8] J Tang, G Xue, W Zhang, Interference-
aware topology control and qos routing in
multi-channel wireless mesh networks,ACM
MobiHoc, 68-77 (2005).

[91 L. Lazos, S. Liu, and M. Krunz, "Spectrum
Opportunity-Based Control Channel
Assignment In Cognitive Radio
Networks," Proc. IEEE Sixth Ann. CS Conf.

WWW.ijera.com 174Page



Harpreet Kaur Int. Journal of Engineering Research and Applications

www.ijera.com

ISSN: 2248-9622, Vol. 5, Issue 12, (Part - 2) December 2015, pp.171-176

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Sensor, Mesh and Ad Hoc Comm. and
Networks (SECON), pp. 135-143, 20009.

S. Haykin, “Cognitive radio: brain-
empowered  wireless communications,”
IEEE Journal on Selected Areas in
Communications, vol. 23, no. 2, pp. 201-
220, 2005.

J. Wu, Y. Dai, and Y. Zhao, “Effective
channel assignments in cognitive radio
networks,” Computer Communications, vol.
36, no. 4, pp. 411-420, 2013

Y. Ding, L. Xiao, Routing and spectrum
allocation for video on-demand streaming in
cognitive wireless mesh networks, in: Proc.
of IEEE MASS, 2010

Zainab Aizaz, Sarwar Raeen, Aizaz Tirmizi,
“Dynamic Channel Allocation using Hybrid
Genetic Algorithm and Simulated Annealing
(HGASA)”,International Journal of
Electrical, Electronics and Computer
Engineering,vol. 1, no. 1, pp. 99-102, 2012.
C. Doerr, D. Sicker, and D. Grunwald,
"Dynamic Control Channel Assignment in
Cognitive Radio Networks Using Swarm
Intelligence," Proc. IEEE Global Telecomm.
Conf. (GlobeCom), pp. 1-6, Nov. 2008.

H. Skalli, S. Ghosh, S. Das, L. Lenzini, and
M. Conti, “Channel assignment strategies
for multi-radio wireless mesh networks:
issues and solutions,” IEEE Commun. Mag.,
vol. 45, no. 11, pp. 86-95, 2007.

Fen Hou and Jianwei Huang, “Dynamic
channel selection in cognitive radio network
with channel heterogeneity,” in Proc. IEEE
Global Commun. Conf. (GLOBECOM),
USA, Dec. 2010.

Le Thanh Tan and Long B. Le, "Channel
assignment for throughput maximization in
cognitive radio networks," IEEE
WCNC'2012, April 2012.

Subhasree Bhattacharjee and Shyamapriya
Chatterjee, “Solving Channel Allocation
Problem in a Cognitive Radio Network
Using  Particle  Swarm  Optimization
Algorithm PSO,” in Proc. of First
International Conference on Intelligent
Infrastructure at the 47th Annual National
Convention COMPUTER SOCIETY of
INDIA CSI - 2012 Science City, December 1
-2,2012.

E. Ahmed, M. Shiraz, and A. Gani,
“Spectrum-aware  distributed channel
assignment for cognitive radio wireless
mesh networks,” Malaysian Journal of
Computer Science, vol. 26, no. 3, pp. 232—
250, 2013.

W. Kim, A. J. Kassler, M. Di Felice, and M.
Gerla, “Urban- X: towards distributed

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

channel assignment in cognitive multiradio
mesh networks,” in Proc. of IFIP Wireless
Days (WD’10), Venice, Italy. IEEE, 2010,
pp. 1-5.

G. Liu, L. Zhou, K. Xiao, B. Yu, G. Zhou,
B. Wang, and X. Zhu, “Receiver-centric
channel assignment model and algorithm in
cognitive radio network,” in Proc. of 4th
International Conference on  Wireless
Communications, Networking and Mobile
Computing (WiCOM’08), Dalian, China.
IEEE, 2008, pp. 1-4.

H. B. Salameh, M. Krunz, and O. Younis,
“Distance-and traffic-aware channel
assignment in cognitive radio networks,” in
Proc. of 5th Annual IEEE Communications
Society Conference on Sensor, Mesh and Ad
Hoc Communications and  Networks
(SECON’08), California, USA. IEEE, 2008,
pp. 10-18.

Wen-jiang Feng, Chao Zhou, Wei-heng
Jiang, “Dynamic Channel Allocation Based
on the Game Learning in Cognitive Radio
Networks,” in Proc. of 12" International
Conference on Communication Technology
(ICCT), Nanjing. IEEE, 2010, pp 167-170.
J. Riihijarvi, J. Nasreddine, and P. Mahonen,
“Impact of primary user activity patterns on
spatial spectrum reuse opportunities,” in
Proc. of European Wireless Conference
(EW’10), Lucca, Tuscany, Italy. IEEE,
2010, pp. 962-968.

J. Sun and H. Zhu, “Mac-layer scheduling
based on service coefficients in
heterogeneous wireless networks,” in Proc.
of 5™ International Conference on Wireless
Communications, Networking and Mobile
Computing (WiCom’09), Beijing, China.
IEEE, 2009, pp. 1-3.

F. Saffre, R. Tateson, and R. Ghanea-
Hercock, “Reliable sensor networks using
decentralised channel selection,” Computer
Networks, vol. 46, no. 5, pp. 651-663, 2004.
G. Thomas and B.C. Seet, “Multi-interface
cognitive radio and its impact on routing in
multi-hop cellular networks,” in Proc. of
18th IEEE International Conference on
Networks (ICON’12), Singapore, 2012, pp.
280-285.

V. Gardellin, S. Das, and L. Lenzini, “Self-
coexistence in cellular cognitive radio
networks based on the IEEE 802.22
standard,” IEEE Wireless Communications,
vol. 20, no. 2, pp. 52-59, 2013.

J. Xiang, Y. Zhang, T. Skeie, and L. Xie,
“Downlink spectrum sharing for cognitive
radio femtocell networks,” IEEE Systems
Journal, vol. 4, no. 4, pp. 524-534, 2010.

WWW.ijera.com 175Page



Harpreet Kaur Int. Journal of Engineering Research and Applications www.ijera.com
ISSN: 2248-9622, Vol. 5, Issue 12, (Part - 2) December 2015, pp.171-176

[30] W.-Y. Lee and I. Akyildiz, “Spectrum-
aware mobility management in cognitive
radio cellular networks,” IEEE Transactions
on Mobile Computing, vol. 11, no. 4, pp.
529-542, 2012.

[31] S. Roy and S. Kundu, “On the coexistence
of cognitive radio and cellular networks: An
outage analysis,” in Proc. of International
Conference  on  Communication and
Industrial Application (ICCIA’11), Kolkata,
West Bengal, India, 2011, pp. 1-5.

[32] G. Thomas and B. C. Seet, “Multi-interface
cognitive radio and its impact on routing in
multi-hop cellular networks,” in Proc. of
18th IEEE International Conference on
Networks (ICON’12), Singapore, 2012, pp.
280-285.

WWW.ijera.com 176Page



