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to overcome the increased demands. This is due to the rise in the number of vehicles along with their requirement of 
various types of non-safety services such as voice, video and best effort services. To solve the problem of spectrum 
scarcity, Cognitive Radio (CR) technology [1-2] has been introduced by FCC [3]which allows to use the 
underutilized spectrum bands [3]. The introduced CR technology is a key enabling technology for the opportunistic 
spectrum usage of underutilized spectrum bands. Hence, CR vehicular networks have emerged as a smart radio for 
ITS. CR enabled vehicles have the ability to use additional spectrum outside the allocated spectrum band. CR 
vehicular nodes movement is the important characteristics in the vehicular networks. But, in some cases, network 
mobility becomes important where “collective mobility of a group of nodes [Network Mobility (NEMO)]” comes 
into the picture [4-5] such as peoples inside a car, bus, plain, and train accessing internet etc. When a mobile 
network changes its point of attachment in the vehicular networks, NEMO is concerned with the management of this 
movement.  Mobile Reuter (MR) plays the important role to connect to the nodes with the network. CR vehicular 
node or the different entity installed on the vehicle may act as a MR. Figure 1 shows such a situation where CR 
vehicular node has the requirement of voice, video and best effort service. There are multiple networks available 
providing their services.  Now, the question arises to select the optimal network for the spectrum handoff decision 
for a particular service in such CR vehicular networks.When MR isconnected with multiple CR enabled networks, 

 
Fig. 1. System Model Showing Spectrum Handoff in NEMO based CR Vehicular Networks 

then it is not easy for the MR to select the optimal network for the spectrum handoff decision. This can be done by 
performing spectrum handoff using multiple attributes decision making (MADM). This motivates us to develop a 
cost function based MADM method that is able to select the optimal network for spectrum handoff decision in 
NEMO based CR vehicular networks.  The developed cost function based MADM method is based on the grey 
theory approach that uses max-min normalization. The method is inspired from GRA method [6-8] which 
outperform other method [9-10]. It evaluates the cost of multiple attributes of different access networks for spectrum 
handoff decision to select optimal network. The method provides optimized results with reduced complexity 
problem in the spectrum handoff in CR networks. The paper shows that proposed MADM method is effective for 
the spectrum handoff decision for optimal network. Thus, this paper makes following key research contributions 

 The performance of the proposed MADM method is better than other methods. 
 Proposed cost function MADM method based on grey theory approach and its applicability for spectrum 

handoff decision for the optimal network selection NEMO based CR vehicular networks. 

2. Related Works 

Our recent survey [1] on spectrum handoff schemes in CR networks shows that spectrum handoff is the challenging 
issue. It advocates that there is need to develop a spectrum handoff decision scheme which considers multiple 
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attributes with nodes preferences and application oriented. However, there are only limited studies partially 
addressing this issue in CR vehicular networks. The survey by [11] advocates the use of NEMO protocol [12] for 
mobility management in CR vehicular networks, defined by the Internet Engineering Task Force (IETF). 

The work in [13] proposed grade-based spectrum handoff scheme for general CR networks. It is based on 
diversity of spectrum quality and traffic requirement. CR traffics are classified into various categories with 
prioritization based on the service requirement such as real time constant bit service has been provided highest 
priority. The scheme is tested to provide Quality of Service (QoS) guarantee to CR user. Recently, we have 
investigated a spectrum handoff scheme [14] for CR vehicular networks which takes the multiple attributes for the 
spectrum handoff decision considering non-safety services. The work proposes a cost based MADM method which 
outperforms other MADM methods. The work in [15] has proposed a model which combines underlay with multi-
cell spectrum handoff in CR networks. In it, MADM method used is Simple Additive Weighting (SAW) with 
dynamic weights for the spectrum handoff for optimal cell for CR.  The scheme is able to reduce the probability of 
handoff failure and service interrupt of CR with increased QoS. The authors in [16] uses Analytic Hierarchy Process 
(AHP), is used to classify the user applications and prioritizing based on the performance matrices.  
In brief, the prior works show that MADM methods are well applied for handoff decision in next generation 
wireless networks. The handoff with MADM provides wider and optimum choice with quality of service.  Hence, 
this motivates to develop a new cost function MADM method and validates its applicability for spectrum handoff 
decision for the optimal network selection in specific CR vehicular networks such as NEMO based CR vehicular 
networks. 

 
Fig. 2. Weights Estimation Methodology for Network Ranking for Spectrum Handoff Decision 

3. Multiple Attributes Decision Making 

MADM methods [6-9] are the mathematical methods to make decision for selecting an optimal alternative from a 
predetermined number of alternatives having multiple attributes. MADM methods are suitable for optimal network 
selection for the spectrum handoff decision in NEMO based CR vehicular networks.  Figure 2 shows weight 
estimation methodology for network ranking for spectrum handoff decision. Equation (1) represents the multiple 
attribute matrix where Aij represents the element of matrix. It represents the value of attribute i w.r.t. alternative j. 
ϖ1, ϖ2, ……….,ϖn are the weights assigned to multiple attributes. The alternatives are A1, A2,….,, Am of different 
access networks available for spectrum handoff in NEMO based CR vehicular networks. 
Initially, the multiple attributes matrix, D is represented by equation (1) is formed. 

Available 
Alternatives 

Multiple Attributes 
ϖ1 ϖ2 • • • • ϖn 

A1 A11 A12 • • • • A1n 
A2 A21 A22 • • • • A2n 
• • • • • • • • 
 • • • • Aij • • • 
• • • • • • • • 
• • • • • • • • 

Am Am1 Am2 • • • • Amn 

3.1. Grey Theory Based Cost Function MADM Method 
The cost based method is proposed to formulate as MADM method using grey theory that uses max-min 
normalization. The method is inspired from GRA method [6-8]. A system with the partial information is known as a 

D =                      (1) 
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