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Abstract 
 
Multi-criteria decision making (MCDM) algorithms play an important role in ensuring 

quality of service in an integrated HetNets (Heterogeneous Networks). The primary 

objective of this paper is to develop a multi-criteria vertical handoff decision algorithm 

(VHDA) for best access network selection in an integrated Wireless Local Area Network 

(WLAN)/ Universal Mobile Telecommunications System (UMTS)/ Worldwide 

Interoperability for Microwave Access (WiMAX) system. The proposed design consists 

of two parts, the first part is the evaluation of an Analytic Hierarchy Process (AHP) to 

decide the relative weights of handoff decision criteria and the second part computes the 

final score of the weights to rank network alternatives using Simple Additive Weighting 

(SAW). SAW ranks the network alternatives in a faster and simpler manner than AHP. 

The AHP-SAW mathematical model has been designed, evaluated and simulated for 

streaming video type of traffic. For other traffic type, such as conversational, background 

and interactive, only simulation results have been discussed and presented in brief. 

Simulation results reveal that the hierarchical modelling and computing provides 

optimum solution for access network selection in an integrated environment as obtained 

results prove to be an acceptable solution to what could be expected in real life scenarios.  

 
Keywords: HetNets, vertical handoff, decision criteria, MCDM, AHP, simple additive 

weighting, always best connected, streaming, conversational, interactive and background. 
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1. Introduction 

HetNets demands integration and interoperability of existing wired and wireless access 

technologies and have introduced a concept called as Always Best Connected (ABC), 

which means not only being always connected, but also in the best possible manner [1,2]. 

The ABC concept of HetNets, for instance, integrates the worldwide coverage of low data 

rate cellular systems with high data rate service of WLAN within hotspots through 

seamless and efficient Vertical Handoffs (VHOs). Change of the Mobile Node’s (MN) 

point of attachment (PoA) during active communication is called the handoff [3]. 

Traditionally, handoff is an intra-system handoff which is executed between two 

homogeneous access networks like between neighboring Base Stations (BSs) of WiMAX 

and is called as horizontal handoff (HHO). In contrast, VHO is an inter-system handoff 

which takes place between different heterogeneous network technologies such as WLAN, 

WiMAX, Cellular, Bluetooth etc [1].  

Seamless and efficient handoffs indicate satisfactory Quality of Service (QoS) 

experienced by the user. But two aspects need to be analyzed while dealing with QoS 

requirements during the process of VHOs. One is the QoS experienced by a MN which is 

undergoing the process of handoff and other aspect is the integration of QoS parameters 

in the design of Vertical Handoff Decision Algorithm (VHDA) [5]. None of the VHDA 

discussed in the literature can support and guarantee both aspects of QoS for efficient 

handoffs but most of them try to minimize latency, packet loss, handoff failures and 

unnecessary handoffs while maximizing throughput [6,7,11,12]. 

Access network selection algorithms play an important role in ensuring QoS in 

heterogeneous networks. In this paper we develop such an algorithm for an integrated 

UMTS/WLAN/WiMAX system. ABC demand of HetNets requires comparing and 

judging various network related and MN related parameters. In this work, access network 

selection among WLAN, UMTS and WiMAX is done by using AHP of Multi-criteria 

decision making (MCDM) algorithms in two steps. First step analyzes and decides 

relative weights of the MN and network related criteria using AHP. Second step 

prioritizes and ranks the performances of access network alternatives using SAW as its 

implementation is faster and simpler than AHP. The reason for using a decision tool is the 

large amount of data that has to be compared and judged. Normally, the criteria are not 

easy to quantify and the most critical task in the decision process is to define those 

criteria that are of importance and relevance for a corresponding traffic type and 

application running on the MN.  In this paper, simulations are conducted with the goal of 

best access network selection for streaming video traffic transmission by considering 

seven decision criteria such as speed of MN, bandwidth of the access network, Network 

Traffic Load (NTL), jitter, Bit Error Rate (BER), delay and Cost of usage of the network 

with three decision alternatives (WLAN, UMTS, WiMAX). 

Simulations conducted in a heterogeneous system with UMTS, WLAN and WiMAX 

reveal that the proposed network selection technique can effectively decide the optimum 

network through making trade-offs among network condition, user preference, and 

application traffic type, while avoiding frequent handoffs. 



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 8, NO. 1, Jan. 2014                                 37 

Copyright ⓒ 2014 KSII 

The rest of this paper is organized as follows. Section 2 presents a review of past work. 

Section 3 provides MCDM concept and various design steps of AHP. Section 4 discusses 

the proposed hierarchical AHP design for the best access network selection amongst 

WiMAX, WLAN and UMTS. Section 5 provides performance analysis of access network 

selection with reference to the simulation scenario for streaming, conversational, 

interactive and background type of traffic. Finally, Section 6 provides concluding remarks.  

2. Related Work 

Variety of VHDAs [8,9,10] which are discussed in the literature have been designed by 

considering specific research goals and hence decision criteria (single, double, triple, or 

multi) adopted by these algorithms are quite heterogeneous in nature and so are their 

performance evaluation schemes. Most of the conventional handoffs (horizontal handoffs) 

are based on RSS but VHOs, in addition to RSS, are based on network related parameters 

like end-to-end delay, throughput, signal to interference and noise ratio (SINR), 

bandwidth, cost etc or MN related parameters like speed, location, trajectory, movement, 

battery power etc. Handoff decision takes into consideration one or more parameters 

depending on whether algorithm is single/double/triple or multi-criteria [9]. VHDAs are 

evaluated by generating some experimental or simulation topology which includes 

heterogeneous access technologies and handoff performance metrics are evaluated for 

different traffic classes (IMT-2000 QoS classes). Conversational, Streaming, Interactive 

and Background type of traffic classes are considered for experimentation and simulation 

purpose [11,12,13]. Conversational, streaming and interactive traffic classes expect less 

delay. Applications like conversational, interactive video conferencing and live streaming 

require more network availability, less end-to-end delay with tolerable bandwidth [13].  

VHO decision algorithms are designed to select best access network and hence the 

design of such algorithms demand processing of diverse metrics and parameters. 

Consequently, a Multiple Criteria Decision-Making (MCDM) algorithm fulfils the need 

by taking into account all these diversified and processed parameters. Large number of 

research papers [14,15,16,17] have also discussed MCDM methods for the selection of 

best access network for variety of access technologies and traffic types. MCDM methods 

are actually implemented through any of the decision tools such as AHP. Variety of 

research proposals have addressed the final score calculation of AHP through SAW 

(Simple Additive Weighting), TOPSIS (Technique for Order Preference by Similarity to 

Ideal Solution), GRA (Grey Relational Analysis) or MEW (Multiplicative Exponent 

Weighting) [8,18,19]. AHP using five decision criteria for vehicular communication has 

been designed and evaluated in [22,23,24]. 

Fuzzy Logic (FL) and Neural Networks (NN) concepts are combined with multiple 

attribute or criteria concept to design advanced decision algorithms. Classical MCDM 

methods require precise input data in order to weight attributes and to perform an 

accurate decision but many times collected input data and information is imprecise. In 

such cases, FL and NN techniques are applied to convert imprecise data into precise one 

and then these data is fed in a MCDM algorithm to determine the ABC network [29,31]. 
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Fuzzy logic methods combined with MCDM algorithms are found in [27,28,29]. 

Similarly, Grey Relational Analysis (GRA) techniques are combined with fuzzy 

processes in [30].  A combination of fuzzy logic and a cost function-based for ABC 

network selection is discussed in [32].  

Fuzzy logic and neural network based combination algorithms are more complex to 

implement as they process wider range of decision criteria and network parameters. Also, 

large number of research proposals found in the literature, address theoretical analysis 

stage of these combination algorithms. Hence, a fast MCDM algorithm combined with 

AHP and SAW to weigh the parameters and provide a quick VHO decision for selection 

of ABC network is recommended.  

To the best of our knowledge, no previous works have actually designed and validated 

the MCDM-AHP-SAW steps to demonstrate access network selection in a HetNets 

scenario for steaming video, conversational, background and interactive traffic using 

seven distinct decision parameters. Experimentation and simulation of VHOs for 

streaming, background, interactive and conversational traffic types for HetNets 

infrastructures which integrates maximum number of existing wired and wireless access 

technologies is still a widely open issue. The work has its significance due to its 

timeliness as currently researchers look forward to some reliable platform and techniques 

for experimenting and simulating futuristic wireless communication systems, such as 

HetNets and beyond HetNets wireless. 

 

3. Multi-Criteria Decision Making Using AHP 

Multi-Criteria Decision Making (MCDM) consists of constructing a global preference 

relation for a set of alternatives evaluated using several criteria and selection of the best 

actions from a set of alternatives, each of which is evaluated against multiple and often 

conflicting criteria [19]. MCDM problem has four elements; Goal, Objectives, Criteria 

and Alternatives. The Analytic Hierarchy Process (AHP) [20] is a technique used for 

dealing with problems which involve the consideration of multiple criteria simultaneously. 

It is unique in its ability to deal with intangible attributes and to monitor the consistency 

with which a decision maker makes his decisions. AHP is defined as a procedure to 

divide a complex problem into a number of deciding factors and integrate the relative 

dominances of the factors with the solution alternatives to find the optimal one. 

Our metric values are the input to the Multi-Criteria Decision Making (MCDM) 

process in which the transformed 9-point scale is being used. The outcome from the 

decision process is a weighted priority list which is fed into the roaming strategy box with 

the final goal of being ABC, see Fig. 1. 
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Fig. 1. MCDM – AHP - SAW 

 

         
         The AHP is carried out in five steps [20,21] 

Step 1: To Develop Hierarchical Structure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2. AHP Decision Hierarchy [20] 

 
Develop a hierarchical structure by decomposing the decision problem into several 

decision elements that are comparable to each other [22]. Fundamental structure contains 

ultimate goal at the top level, criteria in the middle level and alternatives at the bottom as 

shown in Fig. 2. 

 

Step 2: To create pair-wise comparison matrix of decision elements. 

AHP does pair-wise judgements by relating the importance of criteria i to criteria j with 

reference to ultimate goal set up in step 1. The fundamental scale of AHP is used to 

represent the relativity between decisions elements. The scale consists of nine levels. 

Judgements can be made easier by using restricted scale of lesser levels. Matrix A is 
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created by pairwise comparisons, indicating the importance of criterion i to criterion j as 

shown in eq. 1 

                                A   =      

[
 
 
 
 
                        

                         

                               
                                

]
 
 
 
 

                                           (1) 

                                   Where     =1 for  i = j and     = 1/      for      ≠ 0                                

 
Step 3: To estimate the relative weights of the Criteria 

Relative weights of the criteria can be determined by normalizing each column of the 

comparison matrix A such that, 

                                                     
   

   

∑    
 
   

                                                                    (2) 

 

Further, each row in A′ is summarized into a vector with elements 

                                                            
     ∑    

  
                                                        (3) 

 
Finally, the weight vector w is obtained as 

                                                     Ws  =   
  /n                                                                       (4) 

                              Where n= number of factors for criteria 

                                                       

                                                      Wi =   
  / m                                                                     (5)                                                                

                                 Where m= number of factors for Alternatives 

 

Step 4: Consistency Check 

Consistency Ratio is calculated as           

                                                          CR = CI /RI                                                               (6) 

                         where, CI = Consistency Index of comparison matrix 

                                           RI = Random Inconsistency  

   

Consistency Index is calculated as           

                                                          CI =   = (λmax–n) / (n –1)                                            

(7)       

                         where, λmax is the largest eigen value of matrix A. 

 

Random Inconsistency is calculated as             

                                RI = 1.98(n-2)/n                                                      (8) 

 

Step 5: Final score of alternatives (Selection Index) by Simple Additive Weighting 

(SAW) 
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Results obtained in the above steps are to be synthesized to achieve the overall weight of 

each decision alternative. In this case, the overall score of a candidate network is 

determined by the weighted sum of all the attribute values as  

                                                
    ∑ (    

)    
    
   

                                                                  (9) 

where    means the final score for candidate network ‘n’;     
is the weight of candidate 

network  n for the criteria i;     is the weight of criteria i and imax  is the total number of 

criteria.  

To summarize, problem to be resolved is always at the topmost level in a typical 

hierarchy structure.  In this case, the topmost level problem is “best access network 

selection”. The subsequent level (second level) comprises the decision parameters, in this 

case, seven parameters related to network and MN. The solution alternatives (i.e., WLAN, 

WiMAX and UMTS) are in the bottom level. The relative magnitudes of decision 

parameters with respect to their parent problem are estimated through pairwise 

comparison based on subjective and objective factors. The definition of “best” involves 

subjective and objective aspects. Subjective factors are determined according to the 

preference of decision makers and objective parameters are determined by solving 

mathematical models without any consideration for decision makers’ preferences. The 

smaller one of a pair is chosen as a unit, and the larger one is estimated as a multiple of 

that unit based on the perceived intensity of importance. The judgments are ranked on a 

9-point scale in AHP (Table 1). When one element is less important than another, the 

comparison result equals the reciprocal of one of the numbers. The comparison results 

within each parent are presented in a square matrix to which we refer as the AHP matrix. 

The decision factors under a parent are arranged in the same order in row and column 

headings. When the i
th
 element in the column heading is compared to the j

th
 element in the 

row heading, the judgment is presented at the i
th
 row and j

th
 column. An example of an 

AHP matrix on “best access network selection” is shown in Table 2. It is observed that 

the diagonal elements of the matrix are 1, showing the elements’ comparison with itself. 

The elements in the matrix are symmetric with respect to the diagonal elements as a result 

of inverted comparisons. The relative weights of the factors are achieved by calculating 

the eigen vector of the matrix with the eigen value that is closest to the number (n) of 

factors. AHP comparisons are subjective and judgement errors are to be detected by 

calculating a CI (eq. 7) of the AHP matrix and further comparing it with a RI (eq. 8), 

which is the average CI of a randomly generated reciprocal matrix. CI=0 indicates 

perfectly consistent matrix, otherwise, CI should be positive. Consistency Ratio (CR) is 

calculated and if it happens to be greater than 10%, adjustments of the comparisons are 

needed.  This process is repeated level by level to the bottom of hierarchy.  

4. Evaluation of AHP Design for Selection of Best Access Network 

In any access network selection scheme, ABC means the network is selected on behalf of 

user and the user is connected to the best possible access network and enjoys high QoS at 

any time and any place. Therefore, ensuring a specific QoS is the goal of every access 
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network selection algorithm in an integrated HetNets environment. As a result, QoS is the 

topmost level design goal of the AHP hierarchy for network selection. Hence, the 

decision criteria which are in the second level of hierarchy indicate QoS components in 

terms of throughput, timeliness, reliability and cost.  Received Signal Strength (RSS) and 

coverage area indicates the availability of the network and are the triggering factors for 

the execution of VHO decision algorithm. Speed of the MN is critical factor in the access 

network selection scheme and frequent handoffs for high speed users are avoided by 

adopting coverage area.  Bandwidth and NTL indicates throughput. Two parameters, 

delay and jitter decide timeliness. Bit Error Rate (BER) is used to define reliability.  

In this network selection algorithm, availability is the precondition to other QoS 

deciding factors or criteria and hence network availability is the triggering factor. Only 

after the discovery of the available access network, the network performance, service 

class, and decision maker’s preference are estimated. As UMTS could always be on, the 

problem is about detecting the availability of WLAN and WiMAX. The user is 

considered to be in the coverage of WLAN or WiMAX, if the RSS of WLAN or WiMAX 

is larger than the RSS threshold (i.e., –80 dBm). We assume that when the RSS is below a 

certain interface sensitivity level, the MN is unable to communicate with the WLAN 

Access Point (AP), or WiMAX Base Station (BS) and threshold value is the minimum 

level of RSS required for the active application running on a MN to perform satisfactorily 

during the process of handoff  [25]. Simulation parameters are used as in [25,26] which 

are similar to the characteristics of the commercial services of WLAN and WiMAX.  

The network selection algorithm which is based on various decision criteria collects 

other QoS information from the network and MN to determine whether to hand off to 

WLAN or WiMAX; otherwise, the network selection algorithm keeps UMTS connected. 

The process of VHO decision is actually a trade-off between network performance of the 

available network alternatives, decision criteria and application traffic type running on a 

MN.  

4.1 Simulation Scenario 

Goal of decision hierarchy is to select always best connected network by considering 

seven  decision criteria  such as Speed of the MN, Bandwidth of the target access network, 

NTL, Initial Connection establishment delay, Jitter, BER and Cost of usage of the access 

network and the available decision alternatives are WLAN, UMTS and WiMAX. Speed 

of the MN and NTL are considered as objective parameters other factors being subjective 

[21,22,23]. 

Simulation scenario consists of two WiMAX BSs, two Wireless Fidelity (Wi-Fi) APs, 

UMTS BS, a MN and a Correspondent Node (CN) as shown in Fig. 3. The AP’s and BS’s 

are connected to the CN through Layer 3 Router. It is assumed that the MN is equipped 

with multiple interfaces and moves in a straight line in the direction as shown in Fig. 3. 

We are considering four locations for the availability of access networks. All three access 

networks are available at point A, only UMTS is available at point B, UMTS and WLAN 

networks are available at point C and WiMAX and UMTS networks are available at point 

D. At the start of simulation, the MN is connected to WLAN at point C and transfer of 
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data is from MN to CN through its AP. Then, MN starts heading in the direction of the 

point A and point D and on its way goes on detecting different access networks. AHP 

based multi-criteria VHO algorithm decides priority of influencing factors and the 

decision criteria based on the location for different traffic types such as streaming video, 

conversational, interactive and background type to make handoff decision so as to get 

ABC network. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 3.   HetNets Scenario for selection of ABC network 

4.2 Design of First level AHP matrix for Streaming Video Traffic 

Ranking of Criteria and Alternatives in AHP is done with pairwise comparisons and 

judgments are ranked on a 9-point scale (Table 1). These pairwise comparisons are 

carried out for all influencing factors to be considered during VHO decision making 

process.   
 

 

Table 1. Ranking of Criteria and Alternatives 

Intensity of 

importance 

Verbal scale Explanation 

1 Equal importance Two elements contribute equally 

 

3 Moderate importance Experience and judgment favour one element over 

another 

5 Strong importance An element is strongly favoured 

 

7 Very strong importance An element is strongly dominant 
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9 Extreme importance An element is favoured by at least an order of 

magnitude 

2,4,6,8 Intermediate values Used to compromise between two judgments 

 

 

First level AHP matrix (table) decides priority of influencing factor and the decision 

criteria for streaming video traffic is as given below: 

 

(Speed = NTL) > (Bandwidth = Jitter) > (Initial Delay) > (Cost) > (BER) 

 

Speed and NTL are equally and extremely important in the VHO decision making process 

during the transmission of streaming video traffic. Bandwidth and Jitter have very strong 

importance and Initial Delay, Cost and BER are strongly, moderately and equally 

important. Hence, the Scores assigned for QoS parameters are                            

          

    Speed = NTL = 9, Bandwidth = Jitter = 7, Initial Delay = 5, Cost = 3 and BER = 1. 

 

We have total five factors. 

                                        
     

 
 = 2 (rounded)                                                  (10) 

Where, Sh = 9 and Sl = 1 are the highest and lowest possible score for each criterion and N 

= 5 is the total number of criteria.  

 

Using above assignments and the fundamental scale for AHP, first level AHP matrix 

[19,20] is derived as  

 

Matrix elements are represented as  ‘ai*j’, where i= row number and j=column number. 

 

 First row elements a1j  : 

              a11  = (weight of speed criteria-weight of speed criteria)+1. 

                                 = (9-9)+1 = 1 

 

 Second row elements a2j   

                          a21  = (weight of bandwidth criteria-weight of bandwidth criteria)+1. 

                                = (7-9)-1 = -3 

 

If the subtraction result comes out to be negative, (-1) is to be added to the negative result 

instead of (+1) and reciprocal of the result ignoring negative sign will be our matrix 

element. Hence, a21 = 1/3 

    

Similarly, all other elements of the matrix are shown in Table 2 and normalized values 

are obtained as shown in Table 3.  
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Table 2. First level AHP Matrix for deciding relative priority of influencing factors for streaming 

traffic  

    Speed BW NTL Initial 

Delay 

Jitter  BER Usage 

Cost 

Speed 1 3 2 5 3 9 7 

Bandwidth 1/3 1 1/3 3 1 7 5 

NTL 1/2 3 1 5 3 9 7 

Initial Delay 1/5 1/3 1/5 1 1/3 5 3 

Jitter 1/3 1 1/3 3 1 7 5 

BER 1/9 1/7 1/9 1/5 1/7 1 3 

Usage Cost 1/7 1/5 1/7 1/3 1/5 1/3 1 

 

Table 3. Normalized Table 

 

4.3 Design of Second level AHP Matrix for Streaming Video Traffic 

The second level AHP matrix decides the priority of each access network based on the 

objective factors such as Speed and NTL and subjective factors such as Bandwidth, Jitter, 

Delay, BER and Usage cost.  Normalization matrix, priority matrix and CR have been 

computed for all factors in a similar fashion. 

 

Speed of the MN is converted to a 9-point scale for AHP matrix formation and is varied 

from 0 to 100 kmph. WLAN, UMTS and WiMAX support mobility up to 30-35 kmph, 

90-100 kmph and 150 kmph respectively [22]. Hence, the 9-point conversion of speed for 

each network can be done as shown in eq. (11) below. 

 

                     

                     

                                                                                                             
(11)          

   
  Speed BW NTL Initial 

Delay 

Jitter  BER Usage 

Cost 

Priority 

vector (Ws) 

Speed 0.3588 0.3458     0.4854 0.2852     0.3458     0.2348 0.2258 0.3259 

BW 0.1794     0.1153     0.0809 0.1711     0.1153     0.1826 0.1613 0.1362 

NTL 0.1794     0.3458     0.2427 0.2852 0.3458     0.2348 0.2258 0.2672 

Delay 0.0718     0.0384     0.0485 0.0570     0.0384     0.1304 0.0968 0.0694 

Jitter 0.1196     0.1153     0.0809 0.1711     0.1153     0.1826 0.1613 0.1362 

BER 0.0399     0.0165     0.0270 0.0114     0.0165     0.0261 0.0968 0.0338 

Cost 0.0513     0.0231     0.0347 0.0190     0.0231     0.0087 0.0323 0.0279 
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Table 4 indicates that the values for       are negative for the speed above 30 kmph. 

As AHP matrix cannot handle negative values, previous values are repeated for 40 kmph 

onwards.  
Table 4. 9-point conversion of speed for each network 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Second level AHP matrix for deciding priority of each network on the basis of speed is as 

shown by eq. (12) and Table 5: 

 

1           (mwimax/mumts)    (mwimax/mwlan) 

           A=       (mumts/mwimax)              1               (mumts/mwlan) (12) 

                       (mwlan/mwimax)    (mwlan/mumts)              1                                                                              
                                                                                                                                           
                

Table 5. Second level AHP Matrix for deciding relative priority of networks for Speed 

    WiMAX UMTS WLAN Priority vector (W1) 

WiMAX 1 1 1 0.3333 

UMTS 1 1 1 0.3333 

WLAN 1 1 1 0.3333 

                                                                          CR1 = -3.8284e-016 

Speed (kmph)                    

    

0 9 9 9 

10 6.333 8.111 8.385 

20 3.667 7.222 7.769 

30 1 6.333 7.1538 

40 -1.667 5.444 6.538 

50 -4.333 4.556 5.923 

60 -7 3.667 5.3076 

70 -9.667 2.778 4.6923 

80 -12.33 1.889 4.0769 

90 -15 1 3.46 

100 -17.67 0.111 2.8461 
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Similarly, the second level AHP matrix to decide the priority of each access network 

based on the subjective factors such as Bandwidth and Jitter is shown in Table 6. 
 

 

Table 6. Second level AHP Matrix for deciding relative priority of networks for Bandwidth & 

Jitter 

    WiMAX UMTS     WLAN Priority vector (W2 & W5) 

WiMAX 1 3 1/3 0.2605 

UMTS 1/3 1 1/5 0.1062 

WLAN 3 5 1 0.6333 

                                                                 CR2 =0.0332 

 

NTL is also converted into a 9-point scale for AHP matrix formation as shown in eq. (13). 

 
                     

                                                                                                                   (13) 

                                                                                                                    
(4NTL)/100 signify the uniform distribution (in percentage) of NTL. 

 

For NTL= 40%, the 9-point conversion is as shown in eq. (14). 

 

        2.4000 

                                                                          7.4000                                                    (14) 

           3.4000                                               
 

Second level AHP matrix for deciding priority of each network on the basis of NTL is 

designed as shown in eq. (15) and has been tabulated as depicted in Table 7: 

 
                                                      1                  (Nwimax/Numts)       (Nwimax/Nwlan) 

                                   A=         (Numts/Nwimax)                  1                   (Numts/Nwlan)          

(15)       

                                                 (Nwlan/Nwimax)        (Nwlan/Numts)                    1                                               
 

Substituting Values, matrix A can be rewritten as shown in eq. (16), 

         1.0000    0.4595    1.4167 

     A  =         2.1765    1.0000    3.0833 (16) 

       0.7059    0.3243    1.0000                                       
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Table 7.  Second level AHP Matrix for deciding relative priority of networks for NTL 

 

    WiMAX UMTS WLAN Priority vector 

(W3) 

WiMAX 1.0000 0.4595 1.4167 0.2576 

UMTS 2.1765 1.0000 3.0833 0.5606 

WLAN 0.7059 0.3243 1.000   0.1818 

                                                                                 CR3= -1.1485e-015 

 
Further, the second level AHP matrix for delay, BER and cost is depicted in Table 8, 

Table 9 and Table 10. 
 

 

Table 8.  Second level AHP Matrix for deciding relative priority of networks for delay only 

 

    WiMAX UMTS  WLAN Priority vector 

(W4) 

WiMAX 1 3 1/3 0.2431 

UMTS 1/3 1 1/7 0.0882 

WLAN 3 7 1  0.6687 

 

Table 9. Second level AHP Matrix for deciding relative priority of networks for BER only 

    WiMAX UMTS      WLAN Priority vector 

(W6) 

WiMAX 1 1 1 0.3333 

UMTS 1 1 1 0.3333 

WLAN 1 1 1 0.3333 

   

Table 10. Second level AHP Matrix for deciding relative priority of networks for cost only 

    WiMAX UMTS           WLAN  Priority vector (W7) 

WiMAX 1 1/3 1/5 0.1062 

UMTS 3 1 1/3  0.2605 

WLAN 5 3 1 0.6333 

                                                                                               
As per eq. (4) & (5), weight vector W is obtained as  

  

W    =    [  W1    W2 W3 W4 W5 W6 W7 ]                          (17) 
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For constant NTL= 40% and speed = 0 kmph, final score is calculated using eq. (9) as 

Table 11.  Final Score calculation (Selection Index) using SAW 

 

WiMAX UMTS WLAN 

0.3092 0.2732 0.4176 

 
Results in Table 11 indicate highest score for WLAN and hence it is selected for 

streaming video traffic type of transmission out of three available access networks. 

Similarly, selection index is calculated by varying speed between 10 to 100 kmph 

keeping NTL constant at 40% (Table 12).  

 
Table 12. Access Network Selection Speed Vs Selection Index (SI) 

 

Speed/SI 

 

0 10 20 30 40 50 60 70 80 90 100 

 

WiMAX 0.3092     0.3204     0.3366 0.3881 0.4198 0.4274 0.4534 0.4744 0.4991 0.5287 0.6782 

UMTS 0.2732     0.2804 0.2909 0.3304 0.2968 0.2901 0.2669 0.2483 0.2264 0.2001 0.1822 

WLAN 0.4176     0.3392 0.3725 0.2815 0.2834 0.2825 0.2796 0.277 0.2746 0.2713 0.1397 

In a similar fashion, all AHP-SAW steps have been evaluated for conversational, 

background and interactive type of traffic. 

5. Experimental Results and Discussions 

This section presents simulation results related to network selection between WiMAX, 

UMTS and WLAN for different traffic types. MATLAB and ns-2 have been used for 

simulation purpose.  The selection of the network differs depending on applications 

which are running on the MN. One of the parameters NTL or the speed of the MN is 

varied and the relative closeness to the ideal solution (network selection index) is 

measured keeping the other parameter (NTL or speed) constant. 

 

Case I: Choice of Network at point A for Streaming Video Type of Traffic 
As shown in Fig. 3, all three access networks are available at point A.  Fig. 4 indicates 

that  WLAN is a network of choice when the MN is moving at a speed between 0-22 

kmph as it supports higher mobility than UMTS and WiMAX. The streaming traffic class 

requires bandwidth in the range of 2-20 Mbps. If bandwidth is the priority, then  network 

preference is WLAN>WiMAX>UMTS. WLAN is also preferred by considering initial 

connection establishment time and usage cost.  When speed of the MN is greater than 22 

kmph, final score of WLAN decreases as it cannot support further mobility and WiMAX 

emerges out to be the best access network.  Hence, handoff takes place at 22kmph from 

WLAN to WiMAX and it remains the best access network till 100kmph. UMTS is never 

selected for a streaming video type of traffic.  
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     Fig. 4.  Choice of Network at Point A for streaming video (NTL = 40 %) 

 
 

Case II: Choice of Network at Point C for Conversational Type of Traffic 

As shown in simulation scenario, the available networks at point C are WLAN and 

UMTS. WLAN provides higher mobility than UMTS for the MN moving between 0 to 25 

kmph. When speed increases beyond 25 kmph, final score of WLAN decreases as WLAN 

does not support mobility greater than 25kmph and hence handoff takes place from 

WLAN to UMTS. UMTS remains a network of choice for the range of 25 to 100kmph. 
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Fig. 5. Choice of Network at point C for conversational traffic (NTL = 40%) 

 
 

Case III Choice of Network at Point A for Interactive Type of Traffic 

As shown in simulation scenario, all three networks are available at point A. NTL is kept 

at 40%. Bandwidth is unspecified for interactive type of traffic class. 
So, all three networks have the same priority for bandwidth. For this class of 

application, the vertical handoff is never performed and data is transmitted through 

currently activated network interface [21]. Delay and jitter performance is better for 

WiMAX. Hence, final score of WiMAX is higher than UMTS and WLAN and is selected 

throughout. 
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Fig. 6. Choice of Network at point A for Interactive Traffic (NTL = 40%) 

 

Case IV Choice of Network at Point A for Background Type of Traffic 

As per the simulation scenario, all three networks are available at point A. Background 

class required less bandwidth in kbps and hence UMTS is preferred between 0-30 kmph. 

Beyond 30kmph, final score of WiMAX increases and vertical handoff takes place from 

UMTS to WiMAX by considering all other QoS parameters. WLAN never gets selected. 
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       Fig. 7. Choice of Network at point A for Background Traffic (NTL = 40%) 

 

All these results are summarized in Table 12 below.  

 
Table 12. Access network selection 

Point Available Networks 

 

NTL 

(%) 

Speed 

(kmph) 

Traffic Type Selected Access 

Network 

A WiMAX,WLAN,UMTS 40 0-100  Streaming 0-22 kmph WLAN 

22-100 kmph WiMAX 

C WLAN,UMTS 40 0-100  Conversational 0-25 kmph WLAN 

25-100 kmph UMTS 

A WiMAX,WLAN,UMTS 40 0-100  Interactive WiMAX Throughout 

A WiMAX,WLAN,UMTS 40 0-100  Background 0-30 kmph UMTS 

30-100kmph WiMAX 

6. Conclusion 

This paper presents a very simple and straightforward network selection scheme for the 

integration of WLAN, WiMAX and UMTS which guarantees the best QoS while 

preventing frequent handoffs. Analytic hierarchical approach effectively exploits the 

hierarchy and pairwise comparison thereby eliminating rigorous and CPU intensive 

mathematical computations and processing time. AHP-SAW ranks the access network 
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alternatives efficiently by evaluating the decision criteria for the corresponding traffic 

class quantitatively. AHP ensures QoS due to its inherent application specific design.  

Unlike other schemes proposed in the literature, we considered maximum number of 

decision parameters and weighted them based on their importance to IMT 2000 QoS 

traffic classes.  

The simulation results reveal that the simple and novel access network selection 

technique can efficiently decide the trade-off among traffic class, MN parameters and 

network conditions. Further, the priorities of decision parameters can be decided based on 

their approximate comparisons rather than exact values in the heterogeneous system with 

three network alternatives indicating simpler implementation.   

Hence, we can conclude that the proposed hierarchical design, evaluation and 

simulation give optimum solution for access network selection. It completely eliminates 

the handoff failures and unnecessary handoffs and hence ping-pong effect. Graphical 

results and analysis are also consistent with the established and proven concepts related to 

wireless access networks when it comes to characteristics of the traffic classes. Like, for 

lower mobility, WLAN has been consistently selected as a network of choice. WiMAX is 

always preferred for greater mobility though it has lesser coverage area than UMTS. 

UMTS is considered to be the best network in case of high NTL.  

Future research will design and evaluate this novel scheme in more comprehensive 

situations with many wired and wireless access network alternatives and decision criterias 

by using 802.21 functionality of Network Simulator (ns) version 2.29.  
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