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Abstract— In Mobile Ad hoc Networks, routing is a challenging issue. Basically, 

the working routing protocols for these networks are classified in to three categories 

like the reactive protocols, proactive protocols and the hybrid t protocols which 

were the combination of above two types of protocols. Among them proactive 

routing protocols category is selected for the present study. In proactive routing 

protocols, STAR with LORA approach is chosen because it has less control 

overhead when compared to ORA approach and other proactive routing protocols. 

It works on few defacto parameter values in a dynamic MANET environment. 

These static values for parameters are not suitable in a dynamic environment. With 

reference to the IETF draft, it is a time series problem. In this paper, an effort has 

been made to incorporate the soft computing technique, fuzzy logic based STAR to 

enhance the performance of a MANET to support real time communication. The 

proposed Fuzzy logic approach based STAR performance is evaluated using 

simulation through QualNet simulator. From the results, it is observed that the 

Fuzzy logic based STAR provides superior performance than the defactoSTAR 

protocol. The comparative performance was measured using the performance 

metrics End-to-end delay, Jitter and throughput. A number of simulation scenarios 

were executed for small, medium and large size networks. From the simulation 

results, we conclude that Fuzzy Logic based STAR outperforms for small, medium 

size networks. 
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1. INTRODUCTION 

In MANETs, performance is sensitive to quality, quantifiability and traffic load etc [1]. 

Examining completely different routing protocols performance in dynamic surroundings 

plays a significant role in economical routing. Mobile AdHoc networks are the wireless 

networks that were largely employed in the recent times within the real time world 

applications [2, 3, 4]. The nodes within the mobile networks are changing from time to 

time with relevance their position of the nodes within the actual design of the network. 

Because the nodes positions changes, the performance of the network influences plenty 

and therefore the impact was followed to the opposite nodes within the same network and 

other nodes that were connected to an equivalent networks[5, 6, 7]. The circumstantial 

networks are the self-configuring networks which is able to amendment the positions of 
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the networks and their locations supported the necessities of the network and their 

performance [8, 9, 10]. The mobile devices are allowed freely to maneuver chaotically 

and consolidate themselves subjectively [14, 15, 16,17]. 

The main drawback of these proactive protocols is the overhead with the maintenance 

of routes and the very frequent updating of routes such that to handle the node mobility 

and also for the utilization of more bandwidth than the usual amount of bandwidth. 

Among them STAR routing protocol is selected as it reduces the routing overhead with 

Least overhead routing approach (LORA) [11, 12, 13]. 

According to IETF draft, fixed values do not set to be appropriate for dynamic 

environment [22, 23, 24]. From simulation results it is observed that, among the several 

defacto parameters Time to Live is found as the most significant parameter from Taguchi 

Design of Experiments [25, 26]. The defacto value of Time to Live (TTL) is 6. It is a time 

sensitive parameter [27]. This can be solved by soft computing technique. Fuzzy 

Inference engine is able to fulfill these needs and helps in achieving a solution in finding 

optimized dynamic value for TTL [18, 19, 20]. 

 

2. REVIEW OF RELATED WORK 

Mohan Rao et al. [2] estimated the impact of TTL on STAR routing protocol and 

identified TTL as the most significant parameter influencing the performance of STAR. 

 

Attada Venkataramana et al. [3] improved the QoS performance of DYMO routing 

protocol in MANETs by proposed Fuzzy based NTT DYMO. Optimal values of NTT are 

generated by the Fuzzy and used in the protocol configuration. The results reveal that 

FBNTT- DYMO outperforms traditional DYMO.  

 

V Sireesha et al. [4] proposed and evaluated Fuzzy logic approach based OLSR 

performance by simulation using OPNET Modeler. The author observed that the Fuzzy 

logic based OLSR provides superior performance than the existing OLSR protocol.  . 

 

K. Narasimha Raju et al. [5] designed and analyzed the Fuzzy based Node Traversal 

Time AODV for improving QoS in MANETs..The author indicates that the result of 

AODV performance is enhanced by using the proposed FBNTTAODV.  

 

Devi et. al., [6] described the fuzzy concepts used for routing in AdHoc networks.  

 

Ayyasamy et. al., [7], presented fuzzy based QoS aware routing in MANETS. 

Chakrabarti et al., [8], discussed several challenges in providing QoS in MANETs.  

 

3. STAR ROUTING PROTOCOL 

In STAR routing protocol, every router informs the nature of the each link and node 

for the neighbors to reach the end source or the destination. The number of links being 

used by router in the favored pathway is called the router's source tree [14, 15]. A router 

notices its neighboring connections and aggregation of the neighboring connections of a 

router. The router creates its own source tree using the topology graph [16, 17]. The ORA 

or LORA approach can be used to update routing data depending on the bandwidth 

available in an ad hoc network. STAR promotes both.  Under ORA, when source trees 

change, updates are sent [21]. 

 

 

 

 

 



International Journal of Control and Automation 

Vol. 12, No. 10 (2019) 

 

 

Copyright © 2019 NADIA   3 

4. DESIGN AND IMPLEMENTATION OF FUZZY BASED STAR 

ROUTING PROTOCOL 

STAR considers the defacto parameter values suggested in the IETF draft [10]. The 

proposed method concentrates on the Time to Live (TTL) value which can be used for 

identifying and calculating the dynamic Time to Live value. According to the 

characteristics of a network routing protocol TTL plays a vital role. If TTL is too low, 

connection cannot be established and if it is too high energy consumption increases, 

which in turn affects the network life time. The defacto STAR suggests that the TTL 

value should be constant but it does not mention how this value should be adjusted with 

the network size and mobility speed. The proposed method “Fuzzy Based Time to Live 

(FB-TTL-STAR)” suggests that the TTL which can be considered as a perfect value for 

the size of the network and speed of the motion of the nodes in the network.  

 

The following are the some of the default constants in the standard. 

 

Time to Live = 6 

 

In FB-TTL-STAR, two inputs considered here are speed of the motion of nodes, size 

of the network and the output is taken as TTL. 

 

Various numerical values considered for the fuzzification process in the current model 

are like the size of the network considered as 0 to 100 nodes, the speed of the network 

nodes considered as 0 m/sec to 8 m/sec. The fuzzy association rules are generated through 

fuzzy rule editor. The expected output generated from the current model is from the fuzzy 

modeled system as the inputs are given on the basis of several fuzzy based rules and 

inputs. The actual output is expected or received from the reverse fuzzy process or going 

in next mode of the fuzzy process further. 

Various fuzzy steps and other processes are used for the working of the fuzzy system 

and the utilization of fuzzy input values to non-fuzzy values. It is also required for the 

mapping of both non-fuzzy and fuzzy values such that the actual expected output values 

can be expected from the current model. Several performance metrics are used to study 

the quality of service being delivered to the end users. Some of those performance metrics 

are like the Jitter, throughput of the nodes and end to end delay. In order to implement the 

same, the most important factor to be found for the conduction of experiments and in the 

current model, the TTL had chosen as the most significant and important factor among 

them. The performance of FB-TTL-STAR with different TTL fuzzy values for different 

network sizes (26, 52, 78) and mobility speeds (2, 4, 6) m/sec is evaluated. At last, the 

performance of the current model is being compared with the other models and the results 

are tabulated and present in the results section. The comparison had been made in 

between the two models viz., FB-TTL-STAR model and the defacto STAR. 

 
4.1. FUZZY BASED STAR ALGORITHM FOR SIMULATION: 

// Algorithm for calculation of dynamic TTL for STAR using fuzzy logic 
// input1 : Network size (nw) 

// input2 : Mobility speed(ms) 

// output : Time to Live (ttl) 

1. Start 

2. Set Fuzzy inference system ← Sugeno; 

3. Set input1 Name ← nw; 

4. Set range of input1 ← [0, 100]; 

5. Set number of Membership function for input1 ← 3; 
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6. Set type of Membership function for input1 ←triangular; 

7. Set input2 Name ← ms ; 

8. Set range of Input2 ← [ 0, 8]; 

9. Set the number of Membership function for input2 ←3; 

10. Set type of Membership function for input2 ← triangular; 

11. Set output Name ← ttl; 

12. Set range of output ← [0, 1]; 

13. Set the number of the Membership function for output ← 3; 

14. Set the type of Membership function for output ← constant; 

15. Write fuzzy if-then rules ; 

16. Set De-fuzzification method ←wtaver; 

17. Choose rule viewer for evaluation; 

18. Record dynamic “ttl” for the given inputs; 

19. Select 3-D surface viewer; 

20. Stop. 

End procedure 

Figure 1 show the architecture used in the model. Figure 2 shows membership function 

for the input variable network size and Figure 3 shows the membership function for the 

input variable Mobility speed. Table 1 shows fuzzy rule base for various combinations of 

inputs variables. Triangular shaped membership functions are preferred for output 

variable. 

 

 

Fig. 1    Sugeno architecture of the FB-TTL-STAR 
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Fig. 2   Input variable network size with Membership function 

 

Fig. 3    Input variable mobility speed with Membership function 
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Table I. Fuzzy Rule Base 

 

Figure 4 shows the Rule view for network size 50 nodes, mobility speed 4 & output 

(TTL) 5 and Figure 5 shows Surface view with mobility speed, n nodes and output 

(TTL). 

 

 

Fig. 4   Rule viewer for 50 nodes, mobility speed 4 & output (TTL) 5 
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Fig. 5   Surface view showing mobility speed, network size and output (TTL) 

5. SIMULATION PROCESS 

Simulation setup considered for the conducting experiments is as follows. The 

simulator used for experimentation is QualNet Simulator. It is a tool for planning, testing, 

and training that simulates a real communication network's behavior. Researchers can 

evaluate a network's fundamental conduct and test network feature combinations that are 

supposed to work. The QualNet Network Simulation Software makes it possible for users 

to: 

 

 Design new models of the protocol 

 Optimize the existing and new models 

 Use pre-configured or user-designed models to design big wired and wireless 

networks 

 Analyze network performance and  to optimize the same 

 

The size of the network considered here with 26, 52 and 78 nodes to identify or to 

observe the performance of the current model. The area to be made available for the 

simulation process is considered as the 1000x1000 square meters. The traffic type 

selection is done with CBR mode, the propagation model considered is two-ray ground 

model, random way point mobility is used and the speeds considered here are like the 2, 4 

and 6 m/sec. The protocols used in the current model are the STAR and the FB-TTL-

STAR protocols. The time considered for the simulation in the current model is around 

300 seconds. Various considerations and numerical performance metrics considered in 

the current model are shown in the table as follows: 
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Table II. Simulation Parameter Settings 

 

 

6. RESULTS AND ANALYSIS 
 

Average Throughput: 

The throughput of the network model considered in the current model is as shown in 

the figure as follows, 

 

 

Fig. 6   Variation of Throughput with network size 

From the graph in figure 6, it is observed that the Throughput for FB-TTL-STAR 

increases for small (26) and medium (52) network sizes but it is almost same for 

large(78) network size. 

 

 

Routing Protocol FB-TTL-STAR, STAR 

Time for the Simulation 300s 

Size of the Area 1000 x1000 sqm. 

Model considered for  Propagation Two Ray 

Mode of Traffic CBR 

Size of Packet  512 bytes 

Number of Nodes 26, 52,78 

Type of  Antenna Omni directional 

Range for the Transmission 250m 

Range for the Receiver 250m 

Time taken for pausing the process 0 sec 

Speed considered as maximum and minimum 2, 4, 6 m/sec 

buffered packets size 100 

Model considered for Mobility  Random Waypoint 
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End-to-End Delay: 

This performance metric can be calculated as the time taken for a node to travel from 

one end of the network to the other end of the network. This time calculation is important 

to identify the number of packets to be sent at a point of time. 

 

 

Fig. 7   The End to end delay to be observed for both defacto model and the fuzzy model 

From the graph in Figure 7, the FB-TTL-STAR increases for all network sizes with 

respect to the performance measure End-to-End Delay. 

 

Jitter: 

From the graph in Figure 8, it is observed that the Jitter for FB-TTL-STAR decreases 

for small (26) and medium (52) network sizes but it is slightly increased at large (78) 

network size. Minimizing the jitter helps in enhancing the QoS in real time 

communications. 

 

 

Fig. 8   Variation of Jitter with network size 
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7. CONCLUSIONS AND FUTURE SCOPE OF WORK 

A STAR protocol with TTL model and the combination of fuzzy logic are used for the 

design and to analyze the performance of a MANETs model such that to enhance the real 

time behaviour of the network models. This performance analysis can help and can 

increase the real time communication between the nodes in the networks. The 

experimentation is conducted for low, medium and high network sizes with 26, 52 and 78 

nodes and mobility speeds of low, medium, high i.e., 2, 4, 6 m/sec are used. Simulation 

scenarios are run on QualNet simulator. QoS metrics measured are Throughput, End to 

End Delay and Jitter. 

By using Taguchi Design of Experiments, TTL is identified as the most significant 

factor. Using FB-TTL-STAR, TTL is fine-tuned from defacto value to dynamic value 

which enhances the performance of STAR routing protocol in real time communication. 

Therefore by using fuzzy logic concept, optimal values of TTL are obtained, thereby 

attaining the improved results. This paper presents that fine-tuning of significant 

parameter TTL values of the STAR routing protocol using MATLAB for improving the 

QoS performance in real time communication. After conducting the simulation model and 

as per the results obtained, it is noted that the FB-TTL-STAR performs superior than 

existing STAR for network sizes 26, 52 and mobility speeds 2, 4, 6 m/sec. 

 

Based on the simulation results, it is noted that 

 The throughput of the model for FB-TTL-STAR is enhanced by 60.5% for 

low network size, 29.82% for medium network size and it is decreased by 

9.6% for large network size when compared to defacto STAR. 

 The End-to-End Delay of the model for FB-TTL-STAR is increased by 

87.18% for low network size, 1.33% for medium network size and it is 

increased by 38.81% for large network size when compared to defacto STAR.  

 Jitter for FB-TTL-STAR is decreased by 22.76% for low network size, 

decreased by 48.25% for medium network size and it is increased by 22.78% 

for large network size when compared to traditional STAR. 

 

The work can be extended by using other soft computing techniques for further 

enhancement. 
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