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Abstract 

Cognitive radio networks through dynamic spectrum access 

have become an excellent solution to improve the spectral 

inefficiency in the radioelectric spectrum. The present work 

proposes a spectral mobility model for cognitive radio 

networks based on a hybrid model combining AHP and 

COPRAS with the purpose of determining the best backup 

channel available for the secondary user. In order to build to 

this hybrid model, four decision criteria were considered: 

availability, estimated availability time, signal-to-interference-

plus-noise ratio and bandwidth, for each spectral opportunity. 

The analysis and assessment were established through 

experimental spectral occupation in real time settings. The 

assessment metrics included the number of handoffs, the 

bandwidth and the delay, in the communication with the 

secondary user. The results were compared with the VIKOR 

algorithm and a random algorithm. The results obtained show 

a favorable performance of the proposed AHP-COPRAS 

algorithm in the selection of spectral opportunities.  

Keywords: Dynamic Spectrum Access, Cognitive Radio, 

Handoff, AHP, COPRAS, VIKOR, Random. 

 

I. INTRODUCTION  

Over the past decades, the study of wireless communications 

has gained relevance given that wireless networks connect 

almost every person on the planet, making them attractive for 

users due to their mobility (mobile phones). Currently, there is 

an increasing demand of the radioelectric spectrum for wireless 

applications causing some frequency bands to become 

saturated while others show high availability levels. This 

reveals an underlying problem of spectral inefficiency. 

Cognitive radio (CR) presents itself as a promising solution that 

can mitigate this issue [1] [2]. 

In cognitive radio networks (CRN), the spectrum mobility is 

defined as the opportunity-based access of a secondary user 

(SU) in a licensed frequency band that does not interfere with 

the activity of the primary user (PU) [3]. Spectral mobility and 

users play a very important role in the performance of cognitive 

radio communications where dynamic spectrum access (DSA) 

and channel selection are crucial [2]. Cognitive radio along 

with DSA are intended to solve spectral inefficiency and other 

challenges such as spectral opportunity detection, spectral 

decision-making, spectral mobility and spectrum  

distribution [4]. 

The selection of channels relies on various factors such as 

availability, capacity, quality and bandwidth of the target 

channel. A poor selection result may cause multiple spectral 

handoffs which can hinder the performance of the entire 

network. The most common approach for channel selection is 

to use a list of backup [5], [6]. 

In order to achieve a proper selection of the target channel, this 

work proposes a hybrid model for the dynamic selection of 

channels in cognitive radio networks, through the Analytical 

Hierarchy Process (AHP) and Complex Proportional 

Assessment (COPRAS) methods. It considers direct and 

proportional dependencies according to the meaning and utility 

rate of the available alternatives under the presence of mutually 

contradictory criteria. This dynamic selection of spectral 

opportunity involves the following criteria: channel availability 

(PD), estimated availability time (TED), signal-to-interference-

plus-noise ratio (SINR) and bandwidth (BW). AHP is used to 

determine the weights of each criterion, while the COPRAS 

method ranks each spectral opportunity. In fact, this algorithm 

optimizes the decision-making process and factors the 

influence of maximization and minimization criteria delivering 

highly accurate results and choosing the best backup channel. 

The assessment of the obtained results consists on comparing 

them two additional models: AHP-VIKOR (Multi-criteria 

Optimization and Compromise Solution) and random spectrum 

allocation with the same decision criteria. The analysis and 

assessment required experimental spectral occupation data in 

real time settings. The assessment metrics were the number of 

handoffs, the bandwidth and the delay in secondary user 

communication. 

The AHP algorithm has been widely used to solve decision-

making problems in different energy planning scenarios [7], 

quality service strategies [8], and thermal plants generators [9].  

The remainder of the manuscript is structured as follows. 

Section II discusses related articles. Section III describes all 

three studied handoff models. Section IV presents the results of 

the model performance assessment and Section V exhibits a set 

of conclusions. 

 

II. RELATED WORK  

The authors in [10] analyzed two different DSA policies in 

order to tackle spectral allocation and handoff for SU traffic 

with two priority classes. The assessment required to derive the 

blocking possibility, the forced termination possibility and the 
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performance of both priority classes of SU traffic. Furthermore, 

they researched the backup scenario of the sub-channel for 

high-priority SU and determined the optimal sub-channel 

backup through simulations. 

The authors in [11] present a hybrid algorithm for the allocation 

of cognitive radio networks based on AHP and VIKOR 

algorithms in order to improve the performance in terms of 

secondary user mobility within cognitive radio networks. The 

authors [11] compare the results obtained with the proposed 

algorithm with the GRA and random methods, through 

simulations with a record of real occupation values captured in 

the GSM frequency band that represents the real behavior of 

licensed users. The results show that it is possible to improve 

the performance of spectral handoff rates in CRN. 

In  [1], a multivariate algorithm is used for the dynamic 

selection of channels in cognitive wireless networks. Channel 

selection is based on the fuzzy analytical hierarchy process 

(FAHP). Furthermore, the authors showed a new MCDM 

method where the criteria are determined through a customized 

Delphi method and FAHP. The weight and sign allocation are 

computed for two applications classified as better effort (BE) 

and real time (RT). The results highlight FAHP as a tool that 

improves spectral efficiency based on smart selection of 

spectral opportunities. 

Multicriteria decision methods have been used recently to make 

decisions while considering satisfying results. The comparison 

of this project with the related work shows that the latter did 

not consider the degree of utility in the selection of spectral 

opportunity. In this paper, the degree of utility helps determine 

which priority has the highest value for the chosen channel. 

 

III. METHODOLOGY 

The proposed model is described in this section as well as both 

algorithms included in the comparative assessment. 

 

III.I AHP-COPRAS algorithm 

This hybrid algorithm combines the advantages of AHP and 

COPRAS. At first, the weights for the decision criteria are 

determined through AHP and then the spectral opportunities 

are ranked using COPRAS.  

The analytical hierarchy process (AHP) was designed to 

optimize decision-making processes and has been mostly used 

in decision-making analyses with both quantitative and 

qualitative components [12]. These tools are based on 

mathematical programming and seek to reduce the divergence 

of alternatives conceived by mankind. 

AHP has a four-component structure: Problem definition, 

Hierarchy construction, Judgment matrix construction and 

Normalized weight calculation [13] y [1] 

 

III.I.I Problem definition 

The AHP problem can be deconstructed into four hierarchical 

levels: objective, criteria, sub-criteria and alternatives. The 

objective is the decision to be made for the selection of the best 

available opportunity. In this case, the criteria were the real 

time applications. The sub-criteria are the variables that affect 

the preference of one alternative over another: channel 

availability (PD), estimated channel availability (TED), signal-

to-interference-plus-noise (SINR) and bandwidth (BW). The 

alternatives are all the frequency channel options that change 

dynamically during spectral handoff, which are assessed by the 

AHP until one option is chosen. 

 

III.I.II Hierarchy construction 

Based on the objective, the criteria, the sub-criteria and the 

alternatives, a hierarchical structure is built according to the 

AHP algorithm methodology (Fig.1). 

 

 

Fig. 1. Proposed FAHP hierarchy. 

 

III.I.III Judgment matrix 

The hierarchical structure is used to build the judgment matrix. 

The assessments determine and compare the highest priority 

values amongst the possible combinations of criteria and sub-

criteria. The importance scale is divided into nine levels. The 

matrix shows that the most important criteria reduce the delay 

in the RT scenario and the maximum importance criteria 

increase speed in the BE scenario. The calculations of the 

dynamic selection algorithm were performed in MATLAB 

based on the referenced literature. The creation of the judgment 

matrix with n criteria (or sub-criteria) is described in  

Equation 1. 

 

𝐴 = [𝑎𝑖𝑗]
𝑛𝑥𝑛

= [

𝑎11 𝑎12 ⋯ 𝑎1𝑛

⋮⋱⋮
𝑎𝑛1 𝑎𝑛2 𝑎𝑛𝑛

] 

 

(1) 

 

where i = j = 1, 2, … , n and n is the number of attributes. 

 

III.I.IV Weight calculation 

The calculation of the normalized weights for each criterion 

uses the method proposed by [14] due to its simplicity and high 
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quality in the results. The method is based on the geometric 

mean. For any given criterion, the calculation of the geometric 

mean 𝑉𝑖  for each row of the judgment matrix is defined in 

Equation 2. 

𝑉𝑖 = 𝑛√𝜋
𝑗=1|

𝑎𝑖𝑗
𝑛  (2) 

where, 

𝑉𝑖 is the geometric mean of row i, 

𝑛 is the number of sub-criteria, 

𝑗 represents the columns of the judgment matrix, and 

𝑎𝑖𝑗  is the matrix value in row 𝑖 and column 𝑗. 

 

The next step consists on calculating the eigenvalue vector r 

which sets the normalized weights of each criterion as 

determined by Equation 3. 

𝑟 = [𝑟1, 𝑟2, . . . . . , 𝑟𝑛] 𝑐𝑜𝑛 𝑟𝑖 =
𝑣𝑖

∑ 𝑣𝑗
𝑛

𝑗=1

 

 

(3) 

 

Where, 

𝑟 is the eigenvalue vector, 

𝑟1, 𝑟2, … . . , 𝑟𝑛 are the weights for each sub-criterion, 

𝑉𝑖 is the geometric mean in row 𝑖, and, 

𝑉𝑗 is the geometric mean in column 𝑗. 

 

III.I.V Consistency index calculation 

The objective of this assessment is to validate the results of the 

AHP algorithm through the consistency index. According to 

[15], a consistency index below 0.1 means that the algorithm is 

successful. Equation 4 is used to calculate the index [14]. 

𝐶𝐼 =
√(∑ ∑ (ln 𝑎𝑖𝑗 ∑ ln

𝑣𝑖
𝑣𝑗

)2𝑛
𝑗=1

𝑛
𝑖=1

(𝑛 ∑ 1)𝑥(𝑛 ∑ 2)
2

 
(42) 

 

Where, 

𝐶𝐼 is the consistency index, 

𝑛 is the number of sub-criteria,  

𝑖 is the value of the judgment matrix row, 

𝑗 is the value of the judgment matrix column, 

𝑎𝑖𝑗  is the value of the element in row i and column 𝑗, 

𝑉𝑖 is the geometric mean in row 𝑖, and, 

𝑉𝑗 is the geometric mean in column 𝑗. 

Once the weights of each decision criteria have been 

established, the COPRAS algorithm is executed. The direct 

ranking method COPRAS serves as a tool for alternative 

selection within a set of possible solutions [16]. This method 

allocates a specific level of uncertainty to a baseline and uses 

positive and negative values to determine whether the baseline 

is considered benefit or cost. The priority of the alternative 

objectives is determined by assessing their relative importance 

(or quantitative utility) in terms of beneficial and non-

directional attributes. 

The COPRAS algorithm consists on adding the relative weights 
𝑤𝑖  to the product between each normalized criterion 𝑟𝑖𝑗′  and 

each alternative 𝑆𝑗 . After adding all alternatives, they are 

compared and classified in ascending order. The alternatives 

with the highest values are superior. The distribution of the 

relative weight for each criterion was previously computed 

using AHP. In [17] and [18], the normalization of an alternative 

criterion 𝑟𝑖𝑗′  is obtained by dividing the criterion of said 

alternative𝑟𝑖𝑗  by the maximum value of the same criterion for 

all alternatives 𝑚𝑎𝑥𝑗𝑟𝑖𝑗 . At this point, each score 𝑟𝑖𝑗  is 

normalized as 𝑟𝑖𝑗′  (Equation 5): 

𝑟𝑖𝑗′ =
𝑟𝑖𝑗

𝑚𝑎𝑥𝑗𝑟𝑖𝑗

 

 

(5) 

 

Given that the assessment of criteria that need to be maximized 

and minimized is carried out separately, the sum of alternative 

𝑍𝑗 is the value obtained using Equation 6: 

𝑍𝑗 = 𝑆+𝑗 +
𝑆−𝑚𝑖𝑛 ∙ ∑ 𝑆−𝑗

𝑛
𝑗=1

𝑆−𝑗 ∙ ∑
𝑆−𝑚𝑖𝑛

𝑆−𝑗

𝑛
𝑗=1

 (6) 

 

In this case, there are no criteria to be minimized, leading to 

Equations 7 and 8: 

𝑆+𝑗 = ∑ 𝑤

𝑚

𝑖=1

+ 𝑖 ⋅ 𝑟𝑖𝑗´ 

 

(7) 

 

𝑍+ = 𝑆+𝑗 = ∑ 𝑤

𝑚

𝑖=1

+ 𝑖 ⋅ 𝑟𝑖𝑗´ 

 

(8) 

 

Resulting in the final score of each alternative (𝑍𝑗). The utility 

index 𝑁𝑗  is used to determine the optimality criterion 𝑍𝑚𝑎𝑥 as 

seen in Equation 9: 

𝑄max = 𝑚𝑎𝑥𝑗 𝑄𝑗 , 𝑖 = 1,2 … , 𝑚 

 

(9) 

 

The priority of the alternatives is computed through the 

satisfaction degree 𝑁𝑖, which indicates that a higher utility rate 
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implies that the priority of an alternative is greater (Equation 

10). 

𝑁𝑖 =
𝑄𝑖

𝑄max
100%, 𝑖 = 1,2. . . . , 𝑚 

 

(10) 

 

III.II AHP-VIKOR algorithm 

This hybrid algorithm combines the best attributes of 

algorithms AHP and VIKOR. AHP determines the weights of 

all four decision criteria and then VIKOR ranks the spectral 

opportunities. The VIKOR algorithm initiates with the 

assumption that each alternative is assessed according to each 

criterion functionality. The categorization could be performed 

by comparing the measurements closer to the ideal alternative 

[19]. 

The VIKOR method follows the steps established in [20]. For 

each parameter j = 1, 2, 3, 0…N, the best and worst values are 

calculated corresponding to equations (11) and (12). 

𝐹𝑗
+ = {(max

𝑖∈𝑀
 𝑥𝑖𝑗 | 𝑗 ∈ 𝑁𝑏), (min

𝑖∈𝑀
 𝑥𝑖𝑗 | 𝑗 ∈ 𝑁𝑐)} 

 

(11) 

 

𝐹𝑗
− = {(min

𝑖∈𝑀
 𝑥𝑖𝑗 | 𝑗 ∈ 𝑁𝑏), (max

𝑖∈𝑀
 𝑥𝑖𝑗 | 𝑗 ∈ 𝑁𝑐)} 

 

(12) 

 

Where Nb € N is the set of parameters of benefits and Nc € N is 

the set of cost parameters. The values of 𝑆𝑖  and 𝑅𝑖  are 

computed for 𝑖 = 1, 2, 3, … , 𝑀, as seen in Equations 13 and 14. 

𝑆𝑖 = ∑ 𝑤𝑗

(𝐹𝑗
+ −  𝑥𝑖𝑗)

(𝐹𝑗
+ − 𝐹𝑗

−)
𝜖𝑁

 

 

(13) 

 

𝑅𝑖 = max
𝑖∈𝑀

 [𝑤𝑗

(𝐹𝑗
+ −  𝑥𝑖𝑗)

(𝐹𝑗
+ − 𝐹𝑗

−)
] (143) 

Where 𝑤𝑗  is the importance of the weight parameter 𝑗.  

 

The values of 𝑄𝑖 are computed for 𝑖 = 1, 2, 3, … , 𝑀 as seen in 

Equation 15. 

𝑄𝑖 = 𝛾(
𝑆𝑖 − 𝑆+

𝑆−−𝑆+ 
) + (1 − 𝛾)((

𝑅𝑖 − 𝑅+

𝑅−−𝑅+ 
)) (15) 

Where 𝑆+min 
𝑖∈𝑀

𝑆𝑖,    𝑆
− = max 

𝑖∈𝑀
𝑆𝑖𝑅

+ = min 
𝑖∈𝑀

𝑅𝑖,   𝑅
−max 

𝑖∈𝑀
𝑅𝑖,   

and    0 ≤ 𝛾 ≤ 1  belong to the strategy weight. 

 

After obtaining the values of 𝑄 for all primary cases of M, the 

candidate spectral opportunities are ordered in a descendent 

manner. Lastly, the chosen spectral option is given by Equation 

16. 

𝐴∗
𝑉𝐼𝐾 =  𝑎𝑟𝑔𝑚𝑖𝑛 𝑄𝑖

∗

𝑖∈𝑀
 

 

(16) 

 

III.III Random algorithm 

In the case of the random algorithm, a completely random 

selection was performed within a set of alternatives comprised 

of all potential spectral opportunities. 

 

IV. RESULTS 

The assessment of the hybrid model FAHP-COPRAS for 

spectral handoffs is based on the results of three assessment 

metrics: the average bandwidth, the cumulative number of 

handoffs and the average cumulative delay. Fig. 2 describes the 

average bandwidth for the spectral handoff algorithms over a 

9-minute transmission using real spectral occupation data. The 

figure also shows that the behavior is variable in all algorithms. 

Nonetheless, the behavior of algorithm FAHP-COPRAS has a 

higher average level compared to the other methods between 

minutes 1 and 7. 

Fig. 3 exhibits the number of cumulative handoffs in each 

spectral handoff, throughout a 9-minute transmission using 

simulations based on experimental spectral occupation data. 

Fig. 4 describes the average cumulative delay seen in each 

method, throughout a 9-minute transmission using real spectral 

occupation data. In order to determine the average cumulative 

delays in each algorithm, the failed and successful handoffs 

were considered. Furthermore, the FAHP-COPRAS algorithm 

outperforms the AHP-VIKOR and Random algorithms. 

Table 1 establishes a comparative description of three spectral 

handoffs for cognitive radio networks in terms of the 

considered assessment metrics. 

In terms of bandwidth, the proposed hybrid algorithm AHP-

COPRAS exhibits a superior performance, while seeking to 

remain close to 350 kHz, while the AHP-VIKOR and Random 

methods remain below 300 kHz. In terms of handoffs, AHP-

COPRAS and AHP-VIKOR behave similarly with a slightly 

better result from the proposed method. The Random strategy 

shows a high number of channel swaps, revealing the need for 

a channel selection mechanism. Since the delay is strongly 

influenced by the number of handoffs, these two figures show 

similarly shaped results given that the most significant delay is 

linked to the time it takes to pause communications, change 

channels and resume communications. These processes are 

usually known as successful and failed handoffs. 
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Fig. 2. Average bandwidth 

Source: Authors 

 

 

 

Fig. 3. Total number of cumulative handoffs 

Source: Authors. 

 

 

 

 



International Journal of Engineering Research and Technology. ISSN 0974-3154, Volume 14, Number 8 (2021), pp. 822-828 

© International Research Publication House.  http://www.irphouse.com 

827 

 

 

 

Fig. 4. Average cumulative delay 

Source: Authors. 

 

Table 1. Comparative assessment of the spectral handoff models 

Algorithm Total handoffs Delays Bandwidth Final performance 

 

VIKOR-AHP 

 

Random 

 

FAHP-COPRAS 

 

1444 

 

1898 

 

1352 

227,830 

 

293,339 

 

213,491 

310,182 

 

305,562 

 

330,917 

Intermediate 

 

Very Low 

 

High 

Source: Authors. 

 

V. CONCLUSIONS 

The hybrid algorithm AHP-COPRAS was validated through 

simulations using experimental spectral occupation data. It is 

an efficient and effective tool of the available frequency 

channels. The real time application delivered low delays and 

handoff rates, high accuracy and proper bandwidth compared 

to other algorithms for the selection of the objective channel. 

AHP-COPRAS is an interesting solution that marks significant 

improvements and leads to the optimization of the 

communication for secondary users without affecting primary 

users. 
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