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                                 Abstract 
An essential feature of most sensor networking protocols is 
the ability to minimize and carefully manage 
communication in order to achieve energy savings. One 
attractive approach to the design of sensor network 
protocols and algorithms is the use of multiple channels. 
Such an approach can achieve both a higher level of 
effective throughput and better energy savings by using 
multiple communication paths, since transmissions on 
different channels do not interfere with each other. This 
paper explores the use of multiple channels in sensor 
network. Cognitive radio has been considered as a key 
technology for future wireless communications and mobile 
computing. We note the cognitive radios can form 
cognitive radio networks (CRN) by extending the radio link 
features to network layer functions and above. We 
categorize CRN architecture into several structures and 
classify the unidirectional links in such structures. 
Keywords: WSN, Multichannel WSN, Cognitive 
Radio Network. 
 
I. Introduction 
 
A WSN can be defined as a network of devices, 
denoted as nodes, which can sense the environment 
and communicate the information gathered from the 
monitored field (e.g., an area or volume) through 
wireless links. The data is forwarded, possibly via 
multiple hops, to a sink (sometimes denoted as 
controller or monitor) that can use it locally or is 
connected to other networks (e.g., the Internet) 
through a gateway. The nodes can be stationary or 
moving. They can be aware of their location or not. 
They can be homogeneous or heterogeneous. This is 
a traditional single-sink WSN as shown in Figure1.1. 
Almost all scientific papers in the literature deal with 
such a definition [1]. This single-sink scenario suffers 
from the lack of scalability: by increasing the number 
of nodes, the data which is gathered by the sink 
increases and once its capacity is reached; the 
network size cannot be augmented.  Moreover, for  
different reasons related to MAC and  different 
aspects of routing, network performance cannot be 
considered independent from the network size. A 

more general scenario includes multiple sinks in the 
network figure 1.1 (right part). Given a level of node 
density, greater number of sinks will decrease the 
probability of isolated clusters of nodes that cannot 
deliver their data owing to unfortunate signal 
propagation condition In principle, a multiple-sink 
WSN can be scalable (i.e., the same performance can 
be achieved even by increasing the number of nodes), 
while this is not truly for a single-sink network.  

 
Figure 1: Nodes in WSN 

 
However, a multi-sink WSN does not represent a 
trivial extension of a single-sink case for the network 
engineer. In many cases nodes send the data collected 
to one of the sinks, selected among many, which 
forward the data to the gateway, toward the final 
user. From the protocol viewpoint,  a selection can be 
done, based on a suitable criterion that could be, for 
example, minimum delay, maximize throughput, 
minimize number of hops, etc. Therefore, the 
presence of multiple sinks ensures better network 
performance with respect to the single-sink case 
(assuming the same number of nodes is deployed 
over the same area), but the communication protocols 
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must be more complex and should be designed 
according to suitable criteria.  
 
II. Multi Channel WSN 
 
The multi-channel realities of WSNs affect current 
node-based multi-channel protocols in both 
components. The small number of available 
orthogonal channels cannot satisfy the requirement of 
node-based channel assignment, especially for dense 
networks. Unavoidable time errors impact 
transmission coordination among nodes with 
different channels, especially for applications with 
high data rates. In order to overcome these two 
problems in practical networks, they believe that new 
multi-channel schemes should first use a coarse-
grained channel assignment strategy, instead of node-
level assignment, and secondly, it should try to avoid 
complex coordination schemes by reducing channel 
switching and communication among nodes with 
different channels [2]. On the other side, they also 
notice that sensor networks have a dominant traffic 
pattern, the data collection traffic, where multiple 
information flows generated at sensor nodes 
converge to the base-station. Currently, most data 
collection schemes build some tree structure 
connecting the base station and nodes, and then 
forward packets along the tree. However, with a 
single channel, transmission collisions within the tree 
and flow congestions at nodes greatly decrease the 
network performance [2]. 

 
III. Cognitive Radio Network as 

Wireless Sensor  Network 
 
CRN and wireless sensor network have been widely 
studied separately. However, their vision is to use 
CRN as wireless sensor network. In other words, they 
would like to embed wireless sensor network into 
CRN which acts as a backbone. Sensing and 
communication will be explored simultaneously. 
Because of network, sensing coverage and sensing 
performance will be improved. Because of cognition, 
machine learning can be applied for the high-level 
decision making. Meanwhile, dynamic spectrum 
access, the key feature of cognitive radio, will be 
used to make the smooth coexistence of sensing and 
communication. An integrated 
sensing/communication cognitive network should 
have the capabilities of cognition, waveform 
diversity, network resource management, dynamic 
network topology, multi-level synchronization, and 
cyber security. In terms of wireless sensor network, 

the following functions should be supported:(1) 
interference mitigation; (2) detection and estimation; 
(3)classification, discrimination, and recognition; (4) 
tracking; (5) sensing and imaging.[3] 
 
IV. Architecture of Cognitive Radio 

Network 
 
The  CRNs  can  be  deployed  in  network-centric,  
distributed,  adhoc, and mesh architectures, and  
serve  the  needs  of both licensed and  unlicensed  
applications.  The  basic  components  of  CRNs  are 
mobile  station  (MS),  base  station/access  point  
(BSs/APs)  and backbone/core  networks.  These  
three  basic  components  compose three  kinds  of  
network  architectures  in  the  CRNs:   Infrastructure, 
Ad-hoc and Mesh architectures, which are introduced 
as follows: 
 
a. Infrastructure Architecture 
In  the  Infrastructure  architecture,  a  MS  can  only  
access  a  BS/AP in  the  one-hop  manner.  MSs  
under  the  transmission  range  of  the same  BS/AP  
shall  communicate  with  each  other  through  the 
BS/AP. Communications  between  different  cells  
are  routed through  backbone/core  networks.  The  
BS/AP  may   be  able  to execute  one  or  multiple  
communication  standards/protocols  to fulfill  
different  demands  from  MSs.  A  cognitive  radio  
terminal can  also  access  different  kinds  of  
communication  system through their BS or AP [3]. 
 

 
Figure 2: Infrastructure Architecture [4] 

 
b. Ad-hoc Architecture  
There is no infrastructure support (or defined) in ad-
hoc architecture.  If  an  MS  recognizes  that  there  
are  some  other  MS nearby  and  are  connectable  
through  certain  communication standards/ protocols,  
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they  can  set  up  a  link  and  thus  form  an  ad hoc  
network.  Note  that  links  between  nodes  may  be  
set  up  by different  communication  technology.  
Two  cognitive  radio terminals  can  either  
communicate  with  each  other  by  using existing  
communication  protocols  (e.g.  Wi Fi, Bluetooth)  
or dynamically  using spectrum holes. 
 

 
Figure 3: Ad-hoc Architecture [4] 

 
c. Mesh Architecture  
This  architecture  is  a  combination  of  
Infrastructure  and  Ad  Hoc architectures  by   
enabling  the  wireless  connections  between 
BSs/APs,  which  is  similar  to  the  Hybrid  Wireless  
Mesh Networks.  BSs/APs  work  as  wireless  
routers  and  form wireless  backbones .  MSs  can  
either  access  the  BSs/APs directly  or  use  other  
MSs  as  multi-hop  relay  nodes.  Some BSs/APs  
may   connect  to  the  wired  backbone/core  
networks  and function  as  gateways.  Since  
BSs/APs  can  be  deployed  without necessarily  
connecting  to  wired  backbone  or  core  networks,  
it  is more  flexible  and  less  costly  in  planning  the  
locations  of BSs/APs.  For  BSs/APs  having  
cognitive  radio  capabilities,  they may   use  
spectrum  holes  to  communicate  each  other.  Due  
to potentially  lots  of  spectrum  holes  available,  the  
capacity  of wireless  communication  links  among  
cognitive  radio  BSs/APs may  be enough to serve as 
wireless backbone[4] 

 
 

Figure 4: Mesh Architecture [4] 

V. Capability of  Cognitive Radio 
Networks  

 
The  capabilities  of  cognitive  radios  as  nodes  of  
CRN  can  be classified  according  to  their  
functionalities.  A  cognitive  radio shall  sense  the  
environment  (cognitive  capability ),  analyze  and  
learn  sensed  information  (self-organized  
capability)  and  adapt  to  the 
environment(reconfigurable capabilities) [3].  
 
a. Cognitive Capability  

 
1. Spectrum Sensing  
A  cognitive  radio  can  sense  spectrum  and  detect  
“spectrum  holes”  which  are  those  frequency   
bands  not  used  by  the  licensed  users or having 
limited interference with them.  
 
2. Spectrum Sharing  
A  cognitive  radio  could  incorporate  a  mechanism  
that  would  enable  sharing  of  spectrum  under  the  
terms  of  an  agreement  between  a  licensee  and  a  
third  party.  Parties  may   eventually  be  able to 
negotiate for spectrum use  on  an ad hoc  or real-
time basis,  without the need for prior agreements 
between all parties.  
 
3. Location Identification  
The  ability   to  determine  its  location  and  the  
location  of  other  transmitters,  and  then  select  the  
appropriate  operating  parameters  such  as  the  
power  and  frequency   allowed  at  its  location. In  
bands  such  as  those  used  for  satellite  downlinks  
that  are receive-only and do not  transmit  a signal, 
location  technology  may   be  an  appropriate  
method  of  avoiding  interference  because sensing  
technology  would  not  be  able  to  identify  the  
locations  of nearby receivers.  
 
4. Network/System Discovery  
For  a  cognitive  radio  terminal  to  determine  the  
best  way   to communicate,  it  shall  first  discover  
available  networks  around  it. These  networks  are  
reachable  either  via  directed  one  hop 
communication or  via  multi-hop  relay   nodes.  For  
example,  when a  cognitive  radio  terminal  has  to  
make  a  phone  call,  it  shall discover if there is 
GSM BTSs or WiFi APs  nearby. If there  is  no 
directed  communication  link  between  the  terminal  
and  the BTSs/APs  but  through  other  cognitive  
radio  terminals  some access  networks  are  
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reachable,  it  can  still  make  a  call  in  this 
circumstance. The ability to discovery  one hop  or 
multi-hop  away access networks is important.  
 
5. Service Discovery  
Service  discovery  usually  accompanies  with  
network/system  discovery.  Network  or  system  
operators  provide  their  services  through  their  
access  networks.  A  cognitive  radio  terminal  shall 
find appropriate services to fulfill its demands.  
 
b. Reconfigurable Capability  

 
1.  Frequency Agility  
It  is  the ability  of  a  radio  to  change  its  operating  
frequency .  This ability   usually combines  with  a  
method  to  dynamically   select  the appropriate  
operating  frequency  based  on  the  sensing  of  
signals from other transmitters or on some other 
method.  
 
2. Dynamic Frequency Selection  
It is defined in the  rules  as  a  mechanism  that  
dynamically   detects  signals from other radio 
frequency systems and avoids co-channel . 
Ubiquitous Cognitive Radio Heterogeneous operation  
with  those  systems.    The  methods  that  a  device  
could use  to  decide  when  to  change  frequency  or  
polarization  could include  spectrum  sensing,  
geographic  location  monitoring,  or  an instruction 
from a network or another device.  
 
3. Adaptive Modulation/Coding  
Adaptive  modulation  techniques  can  modify   
transmission characteristics  and  waveforms  to  
provide  opportunities  for improved  spectrum  
access  and  more  intensive  use  of  spectrum  while  
“working  around”  other  signals  that  are  present.  
A cognitive  radio  could  select  the  appropriate  
modulation  type  for use  with  a  particular  
transmission  system  to  permit interoperability 
between systems.  
 
4. Transmit Power Control  
Transmit  power  control  is  a  feature  that  enables  
a  device  to dynamically  switch  between several  
transmission  power  levels  in the  data  transmission  
process.  It  allows  transmission  at  the allowable  
limits  when  necessary,  but  reduces  the  transmitter 
power to a lower  level to  allow  greater  sharing  of  
spectrum  when higher power operation is not 
necessary.  
 

5. Dynamic System/Network Access  
For  a  cognitive  radio  terminal  to  access  multiple  
communication systems/networks  which  run  
different  protocols,  the  ability  to reconfigure  itself  
to  be  compatible  with  these  systems  is necessary .  
 
c. Self-Organized Capability  

 
1.  Spectrum/Radio Resource Management  
To  efficiently   manage  and  organize  spectrum  
holes  information among  cognitive  radios,  good  
spectrum  management  scheme  is necessary .  
 
d. Mobility and Connection Management  
Due  to  the  heterogeneity  of  CRNs,  routing  and  
topology information  is  more  and  more  complex.  
Good  mobility   and connection  management  can  
help  neighborhood  discovery ,  detect available  
Internet  access  and  support  vertical  handoffs,  
which  help cognitive radios to select route and 
networks.  
 
e. Trust/Security Management  
Since CRNs are heterogeneous networks in nature, 
various heterogeneities (e.g.  wireless access  
technologies, system/network operators)  introduce  
lots  of  security  issues.  Trust is thus a prerequisite 
for securing operations in CRNs. 
 
VI. Related Work 
 
Lansford et al. [5] (2004) said that UWB was an 
exciting new communications  technology that 
approaches spectrum management in a different way 
than prior wireless systems. Through the use of 
collaborative coexistence and, eventually, cognitive 
radio techniques, these systems as well as those in 
close proximity to them can give users a better, more 
reliable radio connection. This research explored 
general methods for using these parameters either to 
eliminate interference, or to achieve graceful, 
deterministic degradation. 
 
Xiangpeng Jing et al. [6] (2005) considered the 
feasibility of operating both IEEE 802.11b (Wi-Fi) 
and 802.16a (Wi-Max) networks in the same shared 
frequency band. A specific method using the 
“CSCC” (Common Spectrum Coordination Channel) 
etiquette protocol was studied and compared with 
earlier results on reactive interference avoidance 
algorithms. The CSCC concept was outlined, and its 
application to this particular 802.11 & 16 spectrum 



International Journal of Engineering, Applied and Management Sciences Paradigms, Vol. 17, Issue 01, July 2014 
An Indexed and Referred Journal 

ISSN (Online): 2320-6608 
www.ijeam.com 

 

IJEAM 
www.ijeam.com 

10 
 

sharing problem was described in detail. The CSCC 
protocol was used to exchange control information on 
transmitter and receiver parameters, and hence to 
cooperatively adapt key PHY-layer variables such as 
frequency or power. A NS2 simulation model was 
developed to evaluate performance for representative 
system scenarios. Both single and multiple 802.11b 
hotspots per 802.16a cell were considered with the 
degree of spatial clustering of radio nodes as a key 
parameter. Simulation results demonstrated that 
CSCC can improve 802.16a service quality at the 
expense of a modest decrease in 802.11b throughput 
in the one-hotspot hidden receiver scenario 
considered. Overall system throughput can be 
significantly improved over reactive schemes 
depending on the degree of spatial clustering. 
 
Moin Uddin  et al.[7](2011)presented interesting 
features and futuristic applications for CR. These 
devices were expected to form a basis of all next 
generation networks in totally or partially. This will 
help  mitigate  the  spectrum  scarcity  problem  and  
also  on  the restriction  of  using  only  assigned  
spectrum  for  transmission which  may  be  
extremely  helpful  during  emergency  situations. 
However,  its  implementation  requires  substantial  
research  to device cost effective solutions to the 
challenges presented in this research. 
 
Panlong Yang et al. [8] (2012)presented a two-stage 
learning and utilization algorithm, which constitutes 
of two interleaving parts: ‘transmitting while 
learning’ and ‘learning while transmitting’. Building 
these two parts was a non-trivial work, which need 
efficient channel learning and utilizing scheme 
working together seamlessly. In the first ‘transmitting 
while learning’ stage, they proposed the ‘non-call-
back’ policy and leverage the Lagrangian method for 
the additional energy cost considerations. Under this 
heuristic policy, an improved version for the 
traditional Gittins Index model was provided. After 
that, the heuristic algorithm was proved ‘2-
approximate’ to the optimal result. Furthermore, 
leveraging the channel correlations, the learning 
complexity was reduced from O(T) stages to O(logT) 
stages, where T was the number of time slots for 
channel learning. Secondly, they made a structural 
analysis on the ‘learning while transmitting’ stage, 
leveraging the 2-dimensional optimal stopping 
theory. Notably, they used the a16-node TelosB 
sensor network and an 8-nodeUSRP network for 
performance evaluation. The USRP nodes were 
playing as interfering and monitoring nodes for 

controllable network states design, making network 
performance evaluation convincible. The proposed 
algorithm is designed in real implementations with 
experimental results, showing the efficiency of the 
proposed scheme. 
 
Yunhao Liu et al. [9] (2013) conducted a 
measurement study on a large scale operating sensor 
network system, GreenOrbs, with up to 330 nodes 
deployed in the wild. their aim to comprehensively 
understand how the sensor network performs when it 
scales to contain hundreds or even thousands of 
nodes. They instrument such an operating network 
throughout the protocol stack. The contribution of 
this work is twofold. First, to the best of their 
knowledge, they are the first to conduct a long term 
and large-scale measurement study on an operating 
sensor network in the wild. They present observation 
across a variety of layers in the network that provide 
research community empirical experiences on how 
practical problems affect when the sensor network 
scales. Second, based on their basic findings from the 
system measurement . 
 
VII. Conclusion 
 
Nowadays scarcity of spectrum availability is 
increasing highly. Adding cognition to the existing 
Wireless Sensor Network (WSN) infrastructure will 
help in this situation. As sensor nodes in WSN are 
limited with some constrains like power, efforts are 
required to increase the lifetime and other 
performance measures of the network Cognitive 
Radio Network (CRN) has been widely investigated 
in recent years to increase the spectrum utilization in 
communications area. Meanwhile, the dual-use of 
radar/sensing and communications system is also 
exploited, in which the radar/sensing system is 
embedded into communications system. This paper 
survey on concept of wireless sensor network and the 
use of multichannel in WSN and also explain the 
cognitive in WSN.  
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