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 Wireless communications deployed in the current epoch claims ceaseless 

connection among its users thereby leading to the investigation of Cognitive 

Radio Networks (CRN) which enables to make use of unallocated spectrum 

optimally and provides uninterrupted connection. Establishing interminable 

connectivity during the handoff process in spectrum mobility of CRN is a 

challenging task. This paper elucidates the optimization of handoff process 

carried out in CRN by incorporating an intelligent method. This includes 

fuzzy logic wherein the handoff parameters are processed thereby indicating 

the need of handoff. The proffered method also comprises of a part of genetic 

algorithm which yields fitness value for reducing the handoff occurrences 

and enhancing the overall performance of the system is promoted using 

cuckoo search which decides the mobile node from which the handoff 

process has to initiate based on the priority generated. This technique ensures 

that decision is taken ahead of link failure rather than range failure which are 

the key point in comparison to the existing system. Results obtained through 

the simulation are satisfactory in terms of delay, throughput, number of failed 

handoff and handoffs performed in comparison to the existing fuzzy based 

handoff process in CRN. 
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1. INTRODUCTION  

The main aim of CRN is facilitating pliant wireless communication by utilizing the available or 

unallocated spectrum [1]. This is carried out by allowing the unlicensed or secondary user to access the 

spectrum temporarily wherin the primary user is not deployed [2]. On the arrival of the primary user it is 

mandatory for the unlicensed user to vacate the access on spectrum thereby switching over to another 

unoccupied channel to prevent them from harmful interference [3].This process of change over of state or 

quitting the channel is referred to as handoff [4]. It is essential to note that the handoff process should take 

place in a swift manner without any hindrance to ensure optimal spectrum handling that is achieved by 

analyzing handoff performance indicators [5]. One good solution for this would be the choice of deciding the 

appropriate channel to switch over and the instant at which this action occurs; also choosing a pertinent 

handoff scheme is mandatory [6]. 

Among all the available types of handoff mechanism, hybrid intelligent handoff method shows to be 

quite compromising among the reactive and non-reactive handoff strategies [7]. The proposed methodology 

is one of the hybrid methods which incorporates fuzzy based genetic algorithm to decide the channel which is 

already available by predefined rules. Furthermore the handoff process is carried out in a smooth way by 

extending the fitness value obtained through fuzzy genetic algorithm and using it in the cuckoo search [8] 

optimization algorithm. The rest of this paper describes the methodology of fuzzy based genetic algorithm 
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coupled with cuckoo search for achieving quality handoff procedure along with the simulation and the 

analysis of handoff performance indicators. 

 

 

2. RELATED WORK 

The hybrid methodology of fuzzy with genetic algorithm, though fairly explored considerable works 

can be found in the literature. In Wanmai and Mingchuan a vertical handoff decision algorithm was proposed 

to achieve optimum handoff performance in heterogeneous networks [9]. The authors in [10] proposed a new 

algorithm for handoff optimization in cognitive radio networks by segregating the WRAN into multiple cells. 

An algorithm for making decision based on multiple criteria was proposed in [11] for channel selection and 

spectrum decision function. The concept of optimization in cognitive radio with cuckoo search was 

introduced in [12] which focus on efficient spectrum sensing technique. 

The distinctness of our work includes the progression of the handoff process by predicting link 

failure ahead and incorporating cuckoo search for detecting mobile nodes to initiate the handoff process 

together with fuzzy genetic system which is an initiative methodology proposed in the literature. 

 

 

3. PROBLEM STATEMENT 

The scarcity of radio waves leads to congestion problems in wireless communication and this is 

overcome by the evolution of cognitive radio networks.The spectrum mobility phase involved in cognitive 

cycle plays a vital role by ensuring smooth handoff process.The existing methodologies proposed so far does 

not provide seamless connectivity and caters to the different network requirements hence the proposed work 

focuses on devising an intelligent method which administers and fine tunes the handoff process carried out by 

making decisions ahead of the change of ambience of network. 

 

 

4. PROPOSED SYSTEM 

The proposed work comprises of developing a cognitive mobile terminal which is capable of 

sensing the environment and establishing connections based on the availability of the primary user (PU) 

thereby resolves the problems caused by switching and the high interference rates occurring during data 

transmission[13].The primary part in our work is using Genetic Algorithm (GA) with cuckoo search for 

handoff decision making, thereby optimizing fuzzy logic membership functions and which is new form of 

hybrid approach[14]. This work involves the usage of a new multi criteria kind of hybrid handoff strategy 

with cognitive ability to switch based on network conditions and availability of channel [15]. The flow of our 

proposed work is explained by means of Figure 1. 

 

 

 
 

Figure 1. Flow of the proposed model 

 

 

The proposed work can be split into two parts. The first part comprises of deploying the Fuzzy 

based Genetic Algorithm (FBGA) and subsequently incorporating cuckoo search for optimizing the output of 

the FBGA. FBGA gives the fitness value thereby yielding the selection of the appropriate channel to switch 

over based on the preference allocated. The procedure involved in FBGA and cuckoo search are described in 

the following section. 

 

4.1. Fuzzy Based Genetic Algorithm 

A FBGA is a hybrid form of GA which makes use of the fuzzy logic hinged procedure. The main 

purpose of using fuzzy logic is its convenient mode of addressing problems that are uncertain and 

unpredictable. The proposed method incorporates fuzzy logic in order to make decisions, which is an 

important part of the handoff process and this is achieved by making use of fuzzy logic controllers. 
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Parameters that play vital role in handoff process are given as input to fuzzy inference which includes 

mobility, delay, received signal strength and bandwidth. These input parameters are then generated to if then 

else rules by means of the trapezoidal membership functions resulting in knowing the status of the PU that 

includes the arrival and departure of PU which is very important for deciding either the handoff process has 

to occur or not. The rules for generating handoff are presented in Table 1. 

 

 

Table 1. Rules for Handoff Decision 
Distance Speed Delay Handoff Priority 

Far Fast Low VeryHigh 

Far Average Low VeryHigh 

Far Slow Low High 

Medium Fast Medium MedHigh 

Medium Average Medium MedHigh 

Medium Slow Medium MedHigh 

Close Fast high Med 

Close Average high MedLow 

Close Slow high MedLow 

Far Fast Medium VeryHigh 

Far Average Medium High 

Far Slow Medium MedHigh 

Medium Fast Low MedHigh 

Medium Average Low Med 

Medium Slow Low MedLow 

Close Fast Medium MedLow 

Close Average Medium Low 

Close Slow Medium VeryLow 

Far Fast high MedHigh 

Far Average high MedHigh 

Far Slow high Med 

Medium Fast high MedLow 

Medium Average high MedLow 

Medium Slow high MedLow 

Close Fast Low Low 

Close Average Low VeryLow 

Close Slow Low Verylow 

 

 

The trapezoidal membership functions are used to compute values for input parametes and in 

general they are given by 

 

µ(𝑥) =

{
 
 

 
 
1,                        𝑎2 < 𝑥 < 𝑎3
0,                       𝑥 = 𝑎1 𝑜𝑟 𝑎4

𝑥−𝑎1

𝑎2−𝑎1
, 𝑎1 < 𝑥 < 𝑎2

𝑥−𝑎4

𝑎3−𝑎4
, 𝑎3 < 𝑥 < 𝑎4

 

  

 

From the above equation the membership functions for speed, distance and delay are computed 

separately. Speed membership Functions: 

 

µ𝑙𝑜𝑤(𝑥) =

{
 
 

 
 
1,                      0 < 𝑥 < 5
0,                      𝑥 = 0 𝑜𝑟 10
𝑥−0

5−0
,                 0 < 𝑥 < 5

𝑥−10

7−10
,            7 < 𝑥 < 10

 

  

 

µ𝑚𝑒𝑑𝑖𝑢𝑚(𝑥) =

{
 
 

 
 
1,            7 < 𝑥 < 10
0,         𝑥 = 5 𝑜𝑟 𝑥 = 15
𝑥−7

10−7
,       7 < 𝑥 < 10

𝑥−15

12−15
,   12 < 𝑥 < 15
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µℎ𝑖𝑔ℎ(𝑥) =

{
 
 

 
 
1,                    15 < 𝑥 < 20
0,                    𝑥 = 12 𝑜𝑟 25
𝑥−15

12−15
,      12 < 𝑥 < 15

𝑥−25

20−25
,      20 < 𝑥 < 25

 

  

 

Delay membership functions: 
 

 µ𝑙𝑜𝑤(𝑥) =

{
 
 

 
 
1,                           0.1 < 𝑥 < 0.2
0,                           𝑥 = 0 𝑜𝑟 0.25
𝑥−0

0.1−0
,                     0 < 𝑥 < 0.1

𝑥−0.2

0.25−0.2
, 0.2 < 𝑥 < 0.25

 

  

 

 µ𝑚𝑒𝑑𝑖𝑢𝑚(𝑥) =

{
 
 

 
 
1,                       0.3 < 𝑥 < 0.4
0,                      𝑥 = 0.2 𝑜𝑟 0.5
𝑥−0.2

0.3−0.2
,           0.2 < 𝑥 < 0.3

𝑥−0.5

0.4−0.5
,           0.4 < 𝑥 < 0.5

 

  

 

 µℎ𝑖𝑔ℎ(𝑥) =

{
 
 

 
 
1,                  0.6 < 𝑥 < 0.8
0,                  𝑥 = 0.55 𝑜𝑟 1.0
𝑥−0.55

0.6−0.55
,    0.55 < 𝑥 < 0.6

𝑥−1.0

0.8−1.0
,        0.8 < 𝑥 < 1.0

 

  

 

Distance membership functions: 
 

 µ𝑙𝑜𝑤(𝑥) =

{
 
 

 
 

1, 2 < 𝑥 < 15
0, 𝑥 = 1 𝑜𝑟 20
𝑥−15

15−1
, 1 < 𝑥 < 15

𝑥−20

15−20
, 15 < 𝑥 < 20

 

  

 

 µ𝑚𝑒𝑑𝑖𝑢𝑚(𝑥) =

{
 
 

 
 
1, 12 < 𝑥 < 50
0, 𝑥 = 10 𝑜𝑟 60
𝑥−10

12−10
, 10 < 𝑥 < 12

𝑥−60

50−60
, 50 < 𝑥 < 60

 

  

 

µℎ𝑖𝑔ℎ(𝑥) =

{
 
 

 
 

1, 60 < 𝑥 < 80
0, 𝑥 = 55 𝑜𝑟 100
𝑥−55

60−55
, 55 < 𝑥 < 60

𝑥−100

80−100
, 80 < 𝑥 < 100

 

  

 

The inference obtained by fuzzy logic is partial, not accurate at all conditions and there is a need for 

GA to produce approximate results which includes availability of channel when PU and secondary user move 

across the network thereby enhancing the quality of handoff procedure. The GA gets terminated by iterating 

the algorithm till the suitable fitness value (FV) is generated. FV in the proposed work refers to the node 

predictability which specifies the values of input parameters associated with each and every single mobile 

node i.e. received signal strength, delay etc., indicating the mobility of the nodes connected to the network. 

The handoff priority is generated by means of the truth table presented in Table 1. The value Distance 

represents the distance from mobile nodes to base station, Speed refers to the mobility of nodes and Delay are 

taken into consideration. The handoff decision is taken based on the truth table (table 1) containing the fuzzy 

rules. With respective to the distance variable the membership functions include far, medium, close and the 
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range of values for these are 0.125, 0.50 and 0 respectively. In case of the variable speed the membership 

functions are slow, average, fast and the range of values are from 0 to 1. The delay variable has membership 

functions that includes low, medium, high and the values are from 0.125,0.50 and 0 respectively. The handoff 

priority is set to very high where the delay is low, the mobile nodes are far and the signal strength is fast. At 

this condition the handoff is initiated. The main functionalities carried out in FBGA includes initialization of 

population by real valued coding which is done by the selection of values using the roulette wheel, 

calculation of fitness values by means of membership functions and handoff resolution value. Upon the 

arrival of the PU which is determined by the fuzzy rules the other mobile nodes occupying the channel 

should vacate to avoid interference and this is achieved on the basis of using the access point candidate 

values stored in the handoff decision table. The decision of initializing the handoff is taken purely based on 

the access point candidate value obtained by fuzzy inference engine and the handoff resolution.  

 

4.2. Cuckoo Search 

The crux in choosing cuckoo search (CS) [16] is its simplicity and smooth implementation in 

comparison with other meta-heuristic algorithms. In context of our proposed work, cuckoo search is 

incorporated in reducing the occurrence of handoffs and selecting the optimal neighborhood before the 

handoff process which is the basic idea behind CS wherein the cuckoo bird searches for host nest to lay eggs 

[17]. FV obtained through FBGA mechanism is given as input to CS, determines the cases wherein the 

switch or change of state of mobile nodes in the network takes place. The procedure employed in fine-tuned 

CS includes the following steps: 

Step 1: Consider a random population of n host nests as xi 

Step 2: A cuckoo is obtained randomly by levy flight behavior process i. 

Step 3: The fitness function obtained by means of FBGA is taken as Fi. 

Step 4: A random nest is chosen among the host nest j and its fitness is calculated as Fj. 

Step 5: If Fi>Fj then j is replaced by new solution else j is the solution. 

Step 6: A fraction of the worst nest is eliminated and new nest are identified by means of levy flight search. 

Step 7: The optimum nest is kept and step 2 is repeated for maximum iterations. 

Step 8: The optimum nest is obtained finally. 

Thus once new nest gets affixed it is evaluated by means of the previously computed FV thereby 

finding the ideal nest which turns out to be the best choice of determining which mobile node should undergo 

switching ahead of link failure based on channel state and this implies a condition of minimized handoff. 

 

 

5. RESULTS AND DISCUSSION 

The Network simulator NS 2.31 tool is used to carry out the simulation for the proposed work. 

Simulation is performed by ranging number of mobile nodes, initially the number of mobile nodes (MN) 

employed is 20; number of channels utilized is set to 10 and the maximum simulation time is set to 200 

seconds. Once the switching takes place the spectrum manger senses the channel availability and initiates the 

next set of transmission. Figure 2 explains a case of simulation monitored at time 1.219490 ms wherein the 

MN 11 ends the handoff on channel 1 and the helper node is 8 for user 4 and the total number of packets sent 

is 9 and this process continues till MN 11 senses for channel and starts transmission at time 1.301000ms. 

Figure 3 explains yet another case of the simulation wherein transmission takes place across MN varying 4 to 

8, 6 to 7 and so on. Packets sent during this period of time is from 18 to 100 packets dropped are also visible 

during the simulation period. This is again followed by the handoff, sensing and transmission phase till the 

simulation gets over. 
 

 

  
  

Figure 2. Handoff temination Figure 3. Switching of interface 
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Based on the simulation carried out the analysis of handoff parameters i.e. the factors that overall 

determines the quality of handoff can be monitored easily. The parameters taken for consideration include 

throughput, delay and number of handoffs occurred and number of failed handoff. These are discussed 

briefly in the following section. 

a. Throughput: This parameter represents the successful transmission of data over the given period of time 

from source to destination it is the benchmark for deciding the overall efficiency of the system. Figure 

4.represents the amount of data transmission occurred during the simulation time with X axis 

representing simulation time in seconds and Y axis representing the amount of data transmitted in kbps. 

b. Delay: This depicts the time taken for transmission of bits from source node to destination node. Figure 

5. represents the overall delay occurred during the handoff process with X axis representing the 

simulation time in seconds and Y axis representing the delay period in seconds. 

c. Number of handoffs: The maximum number of times switching of states occur during data transmission 

refers to as the number of handoff parameter. This should not take place for more number of times. 

Figure 6 represents the number of handoff process occurred during the entire simulation time with X 

axis representing simulation time in seconds and Y axis representing the number of handoff process 

occurred with two lines representing the existing and proposed system. From the simulation results it is 

clear that the proposed system changes its states minimal number of times compared to the existing 

system. 

d. Number of failed handoffs: This gauge exhibits the capacity of a network i.e. indicates cases wherein a 

state in a channel during transmission is unsuccessful. Figure 7. represents the number of failed 

handoffs occurred during the simulation time with X axis representing simulation time in seconds and Y 

axis representing the number of failed handoff process. 

From the analysis of the parameters involved in the handoff process generated and the comparison 

of handoff schemes generated by dynamic programming with bisection (DBA) algorithm, fuzzy based 

genetic and the proposed FBGA with CS in Table 2, evident that the results are far better and are optimized 

compared to the existing systems in terms of uncertain network conditions. 
 

 

 
 

  

Figure 4. Throughput Figure 5. Delay 
 

 

 

 

  

Figure 6. Number of handoffs Figure 7. Number of failed handoffs 
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Table 2. Comparison of Handoff Schemes 

Handoff Parameters 
Transmission time in 

sec 

Handoff based on 

DBA 

Handoff 

based on 

FGA 

Proposed 

Handoff based on 

hybrid FBGA with CS 

Average Delay in sec 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

16 

19 

21 

23 

26 

28 

31 

32 

38 

8 

12 

15 

17 

21 

24 

25 

27 

30 

35 

4 

7 

9 

15 

16 

19 

21 

23 

25 

29 

Average Throughput 

in kbps 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1892 

1750 

1627 

1582 

1488 

1201 

1057 

937 

893 

742 

2174 

2058 

1964 

1846 

1702 

1600 

1592 

1458 

1387 

1272 

3512 

3201 

3085 

2840 

2792 

2502 

2359 

2075 

1957 

1810 

Number of Handoffs 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

24 

26 

31 

34 

38 

42 

44 

49 

52 

55 

18 

19 

25 

29 

32 

34 

37 

39 

42 

45 

14 

16 

22 

27 

29 

31 

33 

34 

37 

40 

Number of Failed 

Handoffs 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

10 

13 

15 

19 

22 

26 

28 

31 

34 

37 

7 

10 

13 

16 

18 

19 

22 

24 

27 

29 

4 

7 

9 

12 

15 

16 

17 

19 

21 

22 

 

 

6. CONCLUSION 

In this paper, the handoff process a part of the spectrum mobility a challenging task in CRN is 

addressed and analysed by incorporating hybrid methodology of fuzzy based genetic algorithm and it is 

optimised using cuckoo search. The simulation results show that the proposed method is reliable one and 

ensures that the handoff process is carried out in a smooth way with minimal backlogs in comparison with 

the existing system. 
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