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ABSTRACT 

The MANET is one of the most useful networks that established dynamically among all connected devices 
without fixed infrastructure in a decentralized approach. Smart devices such as Smart home automation entry point, smart 
air conditioners, Smart hubs, Smart thermostat, Colour changing smart LEDs, Smart Mobiles, Smart Watches and smart 
Tablets etc. are ubiquitous in our daily life and becoming valuable device with the capabilities of wireless networking 
using different wireless protocols that are typically used with an IEEE 802.11 access point. MANETs provide connectivity 
in aheterogeneous network with adecentralized approach. MANET is formed by itself when two or more smart devices 
have anactive connection. The fuzzy logic control system is a novel approach that is utilized in thevarious area of research 
because of the performance ability to control the system. The proposed research is focused mainly to design a fuzzy logic 
control mobility framework for evaluating mobility models in MANET of smart devices in theinternet of things 
environment. To implement this research we developed a new fuzzy control based mobility framework for communication 
in MANET of smart devices. Smart devices are considered as mobility nodes in MANET network system. The related 
work shows various mobility models to reproduction the movements of nodes but unfortunately most of them are not 
working in reality. The proposed mobility framework is tested on simulation environment and results perform the better 
evaluation of mobility models in MANET. This research may be useful in the development of internet of things 
framework, where smart devices are connected to each other in real time. 
 
Keywords: MANET mobility models, Ad Hoc networks, smart devices, fuzzy logic, internet of things. 
 
1. INTRODUCTION 

Wireless networking is bringing turned 
progressively prominent in the computer organizations 
from last 50 years. Wireless computing refers to 
computing systems that are connected to their working 
environment via wireless links [24]. Now a days most 
organizations use awireless network that is based on cells, 
every cell must hold basic office that is wired should an 
altered wired system. These basic wired offices connect to 
the smart devices and provide them the wireless facility to 
connect each other within the cell or outside the cell 
network. The smart devices are becoming more and more 
capable day by day [15]. In the last years, smart phones, 
tablets and other mobile communication devices have 
become popular [32]. When a smart device or smart user 
moves from one location to a new location it has to 
establish a new connection with the target access point or 
a base station or neighbourhood smart device [18]. Every 
smart device user is free to connect any other smart 
device; also they are free to move randomly [43]. Every 
pair of the smart device has a way with various 
connections among them in the area of similar 
communication. Because of the higher use of mobility, the 
communication connections among smart devices are 
transient and temporarily connected [35]. It is expected 
that by 2020, the development of internet of smart devices 
connected together exponentially with 50 billion smart 
devices [44]. This development will not depend on 
mankind’s population but the reality that units we utilize 
consistently. The realities of interconnectedness things are 
cooperating man to machines and machine to another 
machine. They will be talking with each other. The 
definition of the internet of things can be described as “a 

pervasive and ubiquitous system which empowers 
screening furthermore control of the physical earth by 
collecting, processing, also analysing that information 
created eventually sensors”. In the article [10, 62, 63], a 
unified architecture mobility model for context 
information distributions in ubiquitous computing is 
presented. In this model researcher presents the solution 
and comparing a large number of another solution and 
based on the observations they find various research 
challenges still unsolved. The Wireless sensors network is 
a part of MANET, in this network, all mobility nodes are 
connected to neighbourhood nodes, and each node is 
operated by the battery including low energy, 
computations also wireless transceiver [40]. In an article 
[19], researcher presents the electrical power grid that 
really contributed greatly in our daily life as well as 
industries. Currently, the minimization of whole energy 
consumption of the ad hoc networks is equal to the 
minimization of average energy consumption of all 
network devices [48]. Every node that is equipped with an 
antenna, can be controlled its transmission energy [17]. 
The Fuzzy logic provides the logical reasoning that is 
approximate rather than exact [49]. In this article [14], 
researchers propose a new approach to handle the data 
transfer management by applying the fuzzy logic concept 
to a heterogeneous environment. This evolutionary 
paradigm enables its users to deploy a connection to a 
network of computing resources in an effortless fashion 
[67], where users can rabidly scale up or down their 
demands with trivial interaction from the service provider. 
The ad hoc network provides the facility to connect in a 
heterogeneous environment without centralized approach. 
It is created automatically when two or more device has an 
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active connection. An important issue for MANETs is 
mobility [26]. MANET provides a connection at any area 
and no time bound among smart devices, if that area does 
not have the facility of the cellular network. Generally it is 
used in military rescue operations or the disasters area. 
MANET provides the best performance in that situation 
where we do not want centralized storage of the 
information for example meeting room. Some private talk 
needs security or privacy, at that situation MANET help us 
to create a virtual network [64, 65, 66] without a 
centralized server, it is one of the various scenarios where 
MANETs perform excellently. The MANET has a self-
organizing decentralized approach that forms the virtual 
communication as shown in Figure-1.  
 

 
 

Figure-1. Ad hoc network of smart devices. 
 

The probabilistic distributions of the life of 
separate connections of smart devices in a vehicular ad 
hoc network follow the combination of various 
assumptions in the realistic transmissions of mobility 
devices [50]. Various pre-existing mobility models change 
generally over the reality; they start with totally simulated 
and extremely measurable practically. The review process 
of individual’s mobility modelling helps us to know the 
utilization of various mobility models in MANET. The Ad 
Hoc means just for this reason, it is a Latin expression for 
an autonomous collection of mobile nodes, with networks 
built on the fly for a specific purpose (i.e., emergency 
situations, rescue operations, battlefield situations, etc.), 
that talk to each other over bandwidth constrained wireless 
links [28]. The proliferation of wireless portable devices as 
parts of everyday life, such as PDA, mobile phones, and 
laptops etc. is progressing to add the facility of MANET 
inside the device for sharing the data among smart 
devices. However, communication over existing 
infrastructures may be precluded due to deficient facilities, 
or impractical in terms of time, expense and power. The 
mobile ad hoc network is the network of autonomous 
smart devices where every smart device acts as a source, a 
destination, as well as an intermediate router [9]. MANET 
contains an extraordinary sub form that claiming remote 
network without a server for transferring information from 
one smart device to another. Actually wireless network 
requires the basic fixed offices that are answerable to 
receive and sending the information among smart mobility 

devices but ad hoc network does not require this kind of 
fixed office (see Figure-2). 
 

 
 

Figure-2. Controlling the movement of nodes using the 
wireless access point. 

 
Now-a-days, in the whole world the smart 

devices are increasing exponentially because operating 
systems used in smart devices provide most user friendly 
platform [1]. The smart devices mobility causes incessant 
and flighty transforms the discretionary system topology 
for transforming the information [54]. The Messages 
requiring a destination outside this local neighbourhood 
zone must be hopped or transformed through the nearest 
smart device that is working like a router in the ad hoc 
network [4, 53]. All neighbours of one device are ranked 
by their trust value [47]. The growth of internet of things 
initially started from 2008 by connecting the physical 
objects to the internet. The physical objects are connected 
with a smart database that has acollection of smart data. 
The framework has image recognition technology for 
identifying the physical object, buildings, peoples, logo, 
location etc. for business and customers. Now internet of 
things (IOT) is shifting from information based technology 
to operational based technology i.e. IPV4 (man 2 
machines) to IPV6 (machine 2 machines). It combines 
sensors, smart devices and interfaces like Smart Grid [58, 
60]. Figure-3 represents the number of connected smart 
devices worldwide from 2012 and 2020.  
 

 
 

Figure-3. Smart devices yearly basis in millions [44]. 
 

In 2012, the number of connected devices 
worldwide reached 8.7 billion [44]. In the article [42], the 
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researcher presents an architecture for removing the 
barriers among network nodes to allow these devices 
seamlessly as well as personally. The architecture has 
three kinds of services- the node discovers service, the 
mobility sessions and profile mobility. In the article [13], 
service discovery has been done in a peer-to-peer mode 
rather than a centralized mode. In the paper [3], the 
researcher presents a very beautiful technique to identify 
the traffic at routes and provide feasible decisions to the 
traffic system, which makes the decision support 
intelligent by using the wireless sensor technologies. Ad 
hoc network of smart devices provides facility to send 
messages from one smart device to another without using 
intermediate devices inside the entire network graph [2, 
61]. MANET does not have any controlling office for 
communication [55]. Every device itself in MANET acts 
as a router for forwarding and receiving packets to/from 
other devices [37]. In the article [33], authors have 
proposed the use of fuzzy logic to perform role assignment 
during route establishment and maintenance. For 
providing the best performance of smart devices network 
and avoiding the collisions problems using the proposed 
research is the main goal of our study. One of the most 
important routing technique proposed in the article [38] is 
cluster based routing in Mobile AdHoc Networks. It is 
considered one of the convenient method of routing to 
discover the smart devices in the range of MANET. 
According to recent research on the message passing in ad 
hoc network, there are using basically two techniques- one 
of them is deterministic and other is Probabilistic 
technique. The first technique is used to build a network 
backbone for covering all the devices in the entire 
network. Another technique is used to rebuild the 
backbone for every device and select the device probably 
and then send the message. The probability approach may 
very useful to find best route [51] for sending data among 
smart devices by using fuzzy control system [27]. Fuzzy 
controllers designed using fuzzy rules that are basic 
operations for fuzzy sets [25]. The proposed research 
applied the fuzzy framework to find optimal Mobility 
Models in MANET of Smart Devices [56]. In the article 
[52], researchers proposed a mobility mechanism to 
maintain the connection among all smart devices using 
fuzzy logic in order to help sensor mobile nodes for 
controlling handoffs with the need of performance 
evaluation guarantee. The study presented in the article 
[39] is introduced a new procedure for fuzzy rule 
evolutions to forms an expert system knowledge. 
 
2. RELATED WORK 

The movements, positions, and acceleration also 
the velocity of smart device users are changing time by 
time. The purpose of MANET is to define the movements 
and analyse their purpose over the time. So MANETs play 
the vital role to perform simulations of movements in the 
area of the wireless network. It can be very helpful for 
researchers in the area of mobility modelling. The 
vehicular ad hoc networks are likely to be the first real 
large-scale deployment of a mobile ad hoc network [8]. 
RWP mobility models are frequently used mobility model 

that is widely spreading useful in the area of Mobile Ad 
hoc Network. Presently researchers start focusing on the 
alternatives of the mobility models with advanced 
properties. Because of the mobility models more focus on 
the neighbourhood’s smart devices for creating the 
connections among smart devices so sometimes it takes 
the time to spread information among the smart devices 
within the range of ad hoc network. Every mobility 
management’s device in ad hoc network is embedded and 
every device knows the position of all devices within the 
network and can communicate to each other [22]. Routing 
becomes more challenging when considering mobile 
relays [34]. In the paper [20], researchers designed a 
fuzzy-based priority scheduler to determine the priority of 
the packets with the multicast routing protocols [68]. 
Many researchers proposed various types of mobility 
models for capturing different kinds of properties in a real 
time. The evaluations of mobility models are performed in 
mobile ad hoc networks in [11], each experiment of 
simulation done followed by various modelling conditions 
that effect realistic of the real systems. 

In Random walk mobility model, every smart 
device can move within the range of ad hoc network from 
one position to another position using the random 
directions as well as random velocity and speed. But the 
movement has been performed within the fixed timing and 
distance travelled. After that the currently directions will 
be selected. In RWP mobility model, assuming that total 
number of smart devices within the area of a rectangle that 
should be constant area [12]. All smart devices can move 
randomly from one position to another position using 
randomly chosen way within the minimum also maximum 
velocity interval. When the smart device will arrive at its 
destinations then this device will choose the new speed 
and destination, after that this process will continue until it 
reaches the final destination. In the research article [36], 
researchers solved the distributed optimization problems 
in which every mobility device minimizing the overheads 
incurred it selves based on the mobility models as well as 
path finding algorithm. They develop the simulation 
modelling results to show the realistic behaviours of nodes 
[36]. In Random Direction Mobility Model, all smart 
devices user can be travelled in simulation range with 
fixed speed and directions. After that the device stop then 
it discovers the latest directions and speed using the 
random selection. This process will repeat randomly. 
Figure 4 represents the random way point mobility model 
movements of the smart devices [57].  
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Figure-4. The movement of one node with an RWP 
mobility model. 

In Probabilistic Random Walk Mobility Model, 
the movements of smart device users using the 
probabilistic find directions from one location to another 
location. Figure-5 represents the random direction 
mobility movements.  
 

 
 

Figure-5. In RDM mobility model movements of a node. 
 

The Random GaussMarkov Model is the 
improved model that allows the smart devices to move 
randomly using random walk mobility to the fluid flow. 
The Column Mobility Model is used to move the devices 
using column line. It is very useful for discovering the 
device within the simulation area. Various researchers 
modify the column mobility model that allowed smart 
devices to discover neighbourhood devices using a line. 
The smart devices are shifted to the refer location inside 
the refer grid after shifted the smart device then allow it 
for moving in a random refer location. In the Generalized 
Trace Based Mobility Model, the smart devices users are 
connected in MANET. It is an emerging technology that 
allowed the access point for connection creation process 
among the smart devices. Figure-6 is representing the 
basic model of mobility communication among smart 
devices. 
 

 
 

Figure-6. Basic model for mobile communications. 
 

The smart device users mobility in MANET 
determine the route of movement is the challenges and 
difficult for predicting the movement of smart devices. 
The smart devices typically contain a large amount of 
sensitive personal and corporate data and are often used in 
online payments and other sensitive transactions [5]. In the 
article [6] authors present the simulation analysis that 
shows the significant improvements in the performance 
evaluations of route discovery [23]. The real tracing of 
smart users in mobility environment is the real movement 
in the geographic simulated area. Sometimes these 
tracings perform accurately and result produced like real 
tracing. Every device needs to update its address in the ad 
hoc network database only when leaving the area [46]. 
Various mobility models trace the movement of devices 
and collect the result for evaluating the performance. The 
smart devices on the boundary of the routing area are 
called peripheral devices and play an important role in the 
reactive zone-based routing discovery [45]. The boundless 
simulation area mobility model generates the torus shaped 
simulated area that allows smart users to move from one 
location to another in a boundless simulation area. This 
coverage area will fold in x-axis as well as they-axisand 
generate a cylinder. The Figure-7 represents the closed 
coverage rectangular area mapping with torus [12]. 
 

 
 

Figure-7. Closed coverage rectangular area mapping with 
the torus. 

 
The graph based mobility model moves the smart 

device in the edge of the graph in the network and visits 
all the vertices of the graph. The smart device users choose 
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the vertex randomly in a graph and perform the evaluation 
in the simulation area of the ad hoc network [12]. For the 
mobility generation a wide variety of well understood 
random mobility models is combined with a graph based 
zone model, where each zone has its own mobility model 
[21]. The keys management scheme is one of the most 
important techniques for securing the data among the 
devices of the ad hoc network system, it is based on key 
predistributions technique for ad hoc network to solve the 
key management problems in authorities-based MANET. 
The Keys management’s scheme is designed for self-
organizational or authorities-based ad hoc networks [30]. 
 
3. APPLYING FUZZY CONTROL SYSTEM IN  
MOBILITY MODEL 

The fuzzy logic control system is a novel 
approach that is utilized in the various area of research 
because of the performance ability to control the system. 
The approach presented in [41] has been successfully 
applied to fuzzy models of real world systems. The fuzzy 
control system is the enhanced system from fuzzy logic 
theory (Figures 8,9).  

 
 

Figure-8. Fuzzy control system. 
 

 
 

Figure-9. Fuzzy mobility framework. 
 

The Fuzzification technique is used to change 
input variables like ERROR and Change in ERROR. This 
technique is based on the linguistic rules rather than the 
empirical model.  

1) The fuzzy logic control system can work with 
negative (High, Medium Low) inputs. 
2) It can work with low speed processor. 
3) It can work with less storage device. 
The fuzzy rules engine consists of a set of 

linguistic statements [16]. Fuzzy rules are in the form 
E(X), CE(Y) O (Z). Suppose error is X, changes in error is 
Y then theoutput will be Z. so fuzzy rules are the 
combination of fuzzy propositions. We consider fuzzy 
error symbols in Table-1 for consideration in 
Fuzzification.  
 

Table-1. Fuzzy symbols. 
 

Symbol Description 

E Error 

CE Changes in Error 

NegH Negatives Highest 

NegM Negatives Medium 

NegL Negatives Lower 

N NULL 

PosH Positives Highest 

PosM Positives Medium 

PosL Positives Lower 
 

The Table-2 represents the linguistics variables 
with fuzzy rules.  
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Table-2. Rule base table with 49 rules. 
 

E/CE NegH NegM NegL N PosH PosM PosL 

NegH NegB NegB NegB NegB NegM NegL N 

NegM NegB NegB NegB NegM NegL N PosH 

NegL NegB NegB NegM NegL N PosH PosM 

N NegB NegM NegL N PosH PosM PosL 

PosH NegM NegL N PosH PosM PosL PosL 

PosM NegL N PosH PosM PosL PosL PosL 

PosL N PosH PosM PosL PosL PosL PosL 

 
The Memberships service is one of the services 

that serve as essentials buildings block in a variety of other 
services and applications in ad hoc networks of smart 
devices (Figure-10).  
 

 
 

Figure-10. Smart device location. 
 

This service is used to provide service to every 
device with a view regarding another device inside the ad 
hoc network [7]. The Memberships functions could be 
with different shapes [31] (Table-3). 
 

Table-3. Smart device location error/ Change in error. 
 

Input Error/ Change in error 

Smart Device 
Location 

NegH, NegM, NegL,N, PosH, 
PosM, PosL 

 
When smart devices will connect in ad hoc 

network then fuzzy rules will apply. If devices have 
connection error (NegH) and changes in error are NegH 
then the output is NegH so the connection is aborted in the 
comparison of Connection establishment. When we find 
error or changes in error then the fuzzy control system will 
handle the input. The fuzzy system will reduce the 
connection error to null (zero) by using changing in 
altitude (Figure-11). 
 

 
 

Figure-11. A fuzzy system for the smart moving device. 
 

Table-4 represents the output function that is 
composed of seven fuzzy functions. 
 

Table-4. Output functions. 
 

Output Error/ Change in error 

Smart Device 
Location 

NegH, NegM, NegL,N, PosH, 
PosM, PosL 

 
4. FUZZY CONTROL BASED MOBILITY  
FRAMEWORK 

The proposed framework is a collection of fuzzy 
random waypoint mobility model, fuzzy estimation and 
matrix generation and security. We can discover smart 
devices within the entire network and transmit secured 
data among them.  
 

The procedure to find the new position of the 
smart device is as follows: 

1. Get the position (X1, Y1) of smart device in ad 
hoc network.  

2. Get current Speed (s) of the smart moving 
device in ad hoc network. 
The basic formula to get speed is as follows.  
Speed (s)= distance (d)/time (t). 

3.If time=t and angle are ɵ (positive) then we 
consider the new location of the smart device is as follows. 
X2 = X1+ s * t * cos (ɵ);  
Y2= Y1+ s * t * sin (ɵ);  
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If ɵ is negative then  
X2 = X1- s * t * cos (ɵ);  
Y2= Y1- s * t * sin (ɵ);  
The figure 12 shows that.  

4. Find the real Location of smart device. 
Location L= get_New_Location(new point(smart device);   
Example: L=(x1, y1) 

5. Find theoretical location  
Location ref= get_Reference_Location(new point(smart 
device);   
Example: ref=(x2, y2) 

6. Find distance between L and ref.  
Distance (d)=sqrt((x2-x1)2 –(y2-y1)2) 

7.Find arandom location (X, Y) of the smart 
device at the diagonal of the triangle.  
X=Math.random(d.getX()); 
Y=Math.random(d.getY()); 

8. Find the actual location of smart device 
according to thediagonal of triangle. 
May be the device is up or down from diagonal.  
If thedevice is upper than the diagonal then increase the 
value of X and Y as follows. 
X=X+ξX; 
Y=Y+ξY; 
Otherwise  
X=X-ξX; 
Y=Y-ξY; 

9. Return new Location(X, Y) 
 

 
 

Figure-12. New smart device location. 
 

By above observation, we can get the new 
position of the smart device even it is on the diagonal or 
upper than the diagonal or lower than the diagonal. Now 
we apply fuzzy rules to find the actual location. Now we 

will make the level of output like high, medium or low 
speed, we can say these level as a membership function of 
the fuzzy logic. The Figure-13 represents the speed of the 
smart moving device. 
 

 
 

Figure-13.The speed of the smart moving device. 
 

Now we want to find angle ɵ between base and 
diagonal. The Figure-14 represents the fuzzy graph 
between maximum angle and minimum angle. 
 

 
 

Figure-14.Fuzzy graph between maximum angle and 
minimum angle. 

 
Now we will find velocity using speed and angle. 

The Figure-15 represents the fuzzy graph between max 
angular-velocity and min angular-velocity. 
 

 
 

Figure-15.Fuzzy graph between max angular-velocity and 
min angular-velocity. 

 
The following Table-5 represents the velocity 

using speed and angle. 

 
Table-5. Fuzzy rules for speed and angle. 

 

Speed Angle (ɵ) 

 NegH NegM NegL Zero PosH PosM PosL 

NegH N/A N/A N/A NegH N/A N/A N/A 

NegM N/A N/A N/A NegM N/A N/A N/A 

NegL N/A N/A N/A NegL N/A N/A N/A 
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Zero NegH NegM NegL Zero PosH PosM PosL 

PosH N/A N/A Zero PosL N/A N/A N/A 

PosM N/A N/A Zero PosL N/A N/A N/A 

PosL N/A N/A Zero N/A N/A N/A N/A 

 
Apply the fuzzy rule if ɵ=0, velocity=0 then 

speed=0. But original quality has standard that will be 
situated zero should a degree from claiming ɵ=0.8 and 
velocity= 0.4. This will be AND rule. In this rule the least 
paradigm may be utilized and the fuzzy set zero for speed 
may be reduced at 0. 4 upon that range. Figure-16 is 
representing the angle, velocity and speed.   
 

 
 

Figure-16.Speed using angle and velocity. 
 

Using fuzzy rules, the Figure-17 represents the 
negative low, positive low and zero rule. It shows the 
outcomes “assuming that ɵ =0, v=NL then s will be NL” 
also “assuming that ɵ =PL, v=0 then s will be 0”.  
 

 
 

Figure-17. Speed on Negative Low, 
Positive Low and Zero. 

 
Figure-18 shows that the effect of overlapping, it 

can be decreased. 

 

 
 

Figure-18. Effect of overlapping. 
 

The Figure-19 shows the final mobility speed 
using the fuzzy control system. The result shows the speed 
after applying defuzzyfication center of gravity procedure. 
 

 
 

Figure-19. Final speed using thecenter of gravity rule. 
 

We set the simulation parameters to find the 
performance evaluation using MATLAB code. Table-6 
represents the simulation parameters within the range of 
250 meters.  
 

Table-6. Simulations parameter values. 
 

Simulations parameters Values 

Simulators MATLAB 

Number of Mobile Nodes 20 

Networks coverage 1000x1000 sq m 

Transmissions 250 meters 

Packets rates 4 packets/sec 

Simulation Time 500s 

Packets width 64 Bytes 

 
Figure 20, 21, 22 and 23 represents the 

movement of 20 smart devices in 3 dimensional area of 
20x20 meters, we find these results at 7.5, 157.9, 257.3 
and 500 seconds.   
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Figure-20. Smart devices movement at 7.5 sec time. 
 

 
 

Figure-21. Smart devices movement at 157.9 sec time. 
 

 
 

Figure-22. Smart devices movement at 257.3 sec time. 
 

 
 

Figure-23. Smart devices movement at 500 sec time. 
 

For performance evaluation of mobility models 
using fuzzy control based framework, we consider four 
mobility models (1. Fuzzy based mobility, 2. Random way 
point, 3. Column mobility, 4. Graph based mobility). We 
choose three areas- small (500m*500m), medium 
(750m*750m) and large (1000m*1000m) with varying the 
smart devices as 20, 50 and 100.The comparisons are 
measured by the delivered packets measurement (DPM), 
average delay measurement (ADM) and routing load 
measurement (RLM). The DPM is calculated by dividing 
the delivered data packets (ddp) by a total number of 
packets (tnp). We can derive the formula to calculate DPM 
as DPM=ddp/tnp. The ADM is defined as the time taking 
by the packets to move from sender to the receiver nodes. 
The RLM is defined as a load of authenticated packets on 
the network divided by the total number of packets [59]. 
The comparison study in Figures 23, 24 and 25 of three 
mobility models (RWPMM, CMM, GBMM) with 
proposed fuzzy control based mobility model (FCBMM) is 
illustrated based on DPM, ADM and RLM. The results 
show the better performance evaluation of mobility 
models in MANET of smart devices. 
 

 
 

Figure-24. Routing load measurement. 
 
* FBMM- Fuzzy based mobility model 
RWPM-Random waypoint mobility model 
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CMM- Column mobility model 
GBMM- Graph based mobility model 
 

 
 

Figure-25. Delivered packets measurement. 
 

 
 

Figure-26. Average delay measurement. 
 
5. CONCLUSIONS 

The MANETs are self-organizing decentralized 
without fixed infrastructure network of wireless smart 
gadgets that provide facility to send and receive messages 
among wireless smart devices within its transmission 
range. The information passing requires a destination 
outside this local neighbourhood zone must be hopped or 
transferred through the nearest device to the appropriate 
target address. As a consequence of node mobility fixed 
source/destination paths cannot be maintained for the 
lifetime of the network. In this article we perform the 
evaluation of mobility modelling using fuzzy logic control 
system. Based on the smart device location, we analyse the 
fuzzy logic and check the probability of connection, 
generated based on the fuzzy control system. The fuzzy 
control system framework generates the realistic data for 
communication in mobile ad hoc network of smart 
devices. The proposed system is tested and results are 
generated using twenty smart devices. We get high 
throughput with more efficient values using proposed 
mobility model. 
 
 
 
 

REFERENCES 
 
[1] T. Alam and M. Aljohani, "An approach to secure 

communication in mobile ad-hoc networks of Android 
devices," 2015 International Conference on Intelligent 
Informatics and Biomedical Sciences (ICIIBMS), 
Okinawa, 2015, pp. 371-375. 
doi: 10.1109/ICIIBMS.2015.7439466 

[2] T. Alam and M. Aljohani, "Design and 
implementation of an Ad Hoc Network among 
Android smart devices," 2015 International 
Conference on Green Computing and Internet of 
Things (ICGCIoT), Noida, 2015, pp. 1322-1327. 
doi: 10.1109/ICGCIoT.2015.7380671 

[3] M. Aljohani and T. Alam, "An algorithm for 
accessing traffic database using wireless 
technologies," 2015 IEEE International Conference on 
Computational Intelligence and Computing Research 
(ICCIC), Madurai, 2015, pp. 1-4. 
doi: 10.1109/ICCIC.2015.7435818 

[4] M. Aljohani and T. Alam, "Design an M-learning 
framework for smart learning in ad hoc network of 
Android devices," 2015 IEEE International 
Conference on Computational Intelligence and 
Computing Research (ICCIC), Madurai, 2015, pp. 1-
5. 
doi: 10.1109/ICCIC.2015.7435817 

[5] Arabo and B. Pranggono,“Mobile malware and smart 
device security: Trends, challenges and solutions,” 
2013 International Conference onControl Systems and 
Computer Science (CSCS),pp. 526-531. 

[6] T. Bano and J. Singhai. 2012. Probabilistic: A fuzzy 
logic-based distance broadcasting scheme for mobile 
ad hoc networks. Editorial Preface. 3(9). 

[7] Z. Bar-Yossef, R. Friedman and G. Kliot. 2008. 
Rawms - random walk based lightweight membership 
service for wireless ad hoc networks. ACM Trans. 
Comput. Syst. 26(2):5:1-5:66. 

[8] S. Basagni, M. Conti, S. Giordano and I. Stojmenovic. 
2013. Mobility Models, Topology, and Simulations in 
VANET.pp. 545-576. WileyIEEE Press. 

[9] S. Batabyal and P. Bhaumik. 2015. Mobility models, 
traces and impact of mobility on opportunistic routing 
algorithms: A survey. IEEE Communications Surveys 
Tutorials. 17(3):1679-1707. 



                                    VOL. 12, NO. 15, AUGUST 2017                                                                                                         ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               4536 

[10] P. Bellavista, A. Corradi, M. Fanelli and L. Foschini. 
2012. A survey of context data distribution for mobile 
ubiquitous systems. ACM Comput. Surv. 44(4):24:1-
24:45. 

[11] Boukerche and L. Bononi. 2005. Simulation and 
Modeling of Wireless, Mobile, and AD HOC 
Networks, pp. 373-409. John Wiley andSons, Inc. 

[12] T. Camp, J. Boleng and V. Davies. 2002. A survey of 
mobility models for ad hoc network research. 
Wireless communications and mobile computing. 
2(5):483-502. 

[13] D. Chakraborty, A. Joshi, Y. Yesha and T. Finin. 
2006. Toward distributed service discovery in 
pervasive computing environments. IEEE 
Transactions on Mobile Computing. 5(2):97-112. 

[14] P. M. L. Chan, R. E. Sheriff, Y. F. Hu, P. Conforto 
and C. Tocci. 2001. Mobility management 
incorporating fuzzy logic for heterogeneous a ip 
environment. IEEE Communications Magazine. 
39(12):42-51. 

[15] M. Conti and S. Giordano. 2014. Mobile ad hoc 
networking: milestones, challenges, and new research 
directions. IEEE Communications Magazine. 
52(1):85-96. 

[16] S. M. Dima, C. Panagiotou, D. Tsitsipis, C. 
Antonopoulos, J. Gialelis and S. Koubias. 2014. 
Performance evaluation of a {WSN} system for 
distributed event detection using fuzzy logic. Ad Hoc 
Networks. 23:87-108. 

[17] W. El-Hajj, D. Kountanis, A. Al-Fuqaha and S. 
Guizani. 2008. A fuzzybased virtual backbone routing 
for large-scale manets. International Journal of Sensor 
Networks. 4(4):250-259. 

[18] M. Elleuch, H. Kaaniche, and M. Ayadi. 2015. 
Exploiting Neuro-Fuzzy System for Mobility 
Prediction in Wireless Ad-Hoc Networks, pp. 536-
548. Springer International Publishing, Cham. 

[19] J. Gao, Y. Xiao, J. Liu, W. Liang and C. P. Chen. 
2012. A survey of communication/networking in 
smart grids. Future Generation Computer Systems, 
28(2):391-404. 

[20] C. Gomathy and S. Shanmugavel. 2005. Supporting 
qos in MANET by a fuzzy priority scheduler and 
performance analysis with multicast routing protocols. 

EURASIP Journal on Wireless Communications and 
Networking, 2005(3): 1-11. 

[21] M. Gunes¸ M. Wenig and A. Zimmermann. 2007. 
Realistic Mobility and Propagation Framework for 
MANET Simulations, pp. 97-107. Springer Berlin 
Heidelberg, Berlin, Heidelberg. 

[22] Z. J. Haas. 2001. Routing and mobility management 
protocols for ad-hoc networks. US Patent 6,304,556. 

[23] M. Hanashi, A. Siddique, I. Awan and M. 2007. 
Woodward. Performance evaluation of dynamic 
probabilistic flooding under different mobility models 
in MANETs. In: Parallel and Distributed Systems, 
2007 International Conference on. 2: 1-6. 

[24] R. H. Katz. 1994. Adaptation and mobility in wireless 
information systems. IEEE Personal Communications. 
1(1): 6-17. 

[25] P. Korpipaa, J. Mantyjarvi, J. Kela, H. Keranen and E. 
J. Malm. 2003. Managing context information in 
mobile devices. IEEE Pervasive Computing. 2(3):42-
51. 

[26] E. Kulla, M. Ikeda, L. Barolli, F. Xhafa and J. 
Iwashige. 2012. A Survey on MANET Testbeds and 
Mobility Models, pp. 651-657. Springer Netherlands, 
Dordrecht. 

[27] D. Liarokapis and A. Shahrabi. 2011. Fuzzy-based 
probabilistic broadcasting in mobile ad hoc networks. 
In Wireless Days (WD), 2011 IFIP.pp. 1-6. 

[28] J. Loo, J. L. Mauri and J. H. Ortiz. 2011. Mobile Ad 
hoc networks: current status and future trends. CRC 
Press. 

[29] F. M. MacNeill and E. Thro. 1995. Fuzzy logic: A 
practical approach. Acad. Press. 

[30] J. V. D. Merwe, D. Dawoud and S. McDonald. 2007. 
A survey on peer-to-peer key management for mobile 
ad hoc networks. ACM Comput. Surv. 39(1). 

[31] J. G. Monicka, N. G. Sekhar and K. R. Kumar. 2011. 
Performance evaluation of membership functions on 
fuzzy logic controlled ac voltage controller for speed 
control of induction motor drive. International Journal 
of Computer Applications. 13(5):8-12. 

[32] V. F. Mota, F. D. Cunha, D. F. Macedo, J. M. 
Nogueira and A. A. Loureiro. 2014. Protocols, 
mobility models and tools in opportunistic networks: 



                                    VOL. 12, NO. 15, AUGUST 2017                                                                                                         ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               4537 

A survey. Computer Communications. 48:5-19. 
Opportunistic networks. 

[33] M. Ortiz, F. Royo, T. Olivares, J. C. Castillo, L. 
Orozco-Barbosa and P. J. Marron. 2013. Fuzzy-logic 
based routing for dense wireless sensor networks. 
Telecommunication Systems. 52(4):2687-2697. 

[34] R. Pabst, B. H. Walke, D. C. Schultz, P. Herhold, H. 
Yanikomeroglu,S. Mukherjee, H. Viswanathan, M. 
Lott, W. Zirwas, M. Dohler, H. Aghvami, D. D. 
Falconer and G. P. Fettweis. 2004. Relay-based 
deployment concepts for wireless and mobile 
broadband radio. IEEE Communications Magazine. 
42(9):80-89. 

[35] C. E. Palazzi and A. Bujari. 2010. A delay/disruption 
tolerant solution for mobile-to-mobile file sharing. In 
Wireless Days (WD), 2010 IFIP.pp. 1-5. 

[36] T. Park and K. G. Shin. 2005. Optimal tradeoffs for 
location-based routing in large-scale ad hoc networks. 
IEEE/ACM Transactions on Networking. 13(2):398-
410. 

[37] J. S. Pathak S. 2013. A survey: On unicast routing 
protocols for mobile ad hoc network. International 
Journal of Emerging Technology and Advanced 
Engineering. 3(1):2250-2459. 

[38] J. S. Pathak S. 2015. A novel weight based clustering 
algorithm for routing in MANET. Wireless Networks-
The Journal of Mobile Communication, Computation 
and Information, Springer Link. 21(8):1-10. 

[39] R. P. Prado, S. Garcia-Gal?n, J. E. M. Exposito, and 
A. J. Yuste. 2010. Knowledge acquisition in fuzzy-
rule-based systems with particle-swarm optimization. 
IEEE Transactions on Fuzzy Systems. 18(6):1083-
1097. 

[40] P. Santi. 2005. Topology control in wireless ad hoc 
and sensor networks. ACM Comput. Surv. 37(2):164-
194. 

[41] M. Setnes, R. Babuska, U. Kaymak and H. R. 
1998.Van Nauta Lemke. Similarity measures in fuzzy 
rule base simplification. IEEE Transactions on 
Systems, Man, and Cybernetics, Part B (Cybernetics). 
28(3):376-386. 

[42] R. Shacham, H. Schulzrinne, S. Thakolsri and W. 
Kellerer. 2007. Ubiquitous device personalization and 
use: The next generation of ip multimedia 

communications. ACM Trans. Multimedia Comput. 
Commun. Appl. 3(2). 

[43] M. L. Sichitiu. 2009. Guide to Wireless Ad Hoc 
Networks, chapter Mobility Models for Ad Hoc 
Networks, pp. 237-254. Springer London, London. 

[44] Statista.Internet of Things (IOT): number of 
connected devices worldwide from 2012 to 2020, 
[online], url 
=http://www.statista.com/statistics/471264/iot-
number-ofconnected-devices-worldwide. 

[45] L. Wang and S. Olariu. A two-zone hybrid routing 
protocol for mobile ad hoc networks. IEEE 
Transactions on Parallel and Distributed Systems, 
15(12):1105–1116, December 2004. 

[46] H. Wirtz, M. H. Alizai and K. Wehrle. 2013. Fuzzy 
logical coordinates and location services for scalable 
addressing in wireless networks. In Wireless On-
demand Network Systems and Services (WONS), 
2013 10th Annual Conference on.pp. 131-138. 

[47] G. Wu, Z. Liu, L. Yao, Z. Xu and W. Wang. 2013. A 
fuzzy-based trust management in wsns. J Internet Serv 
Inf Secur. 3(3/4):124-135. 

[48] G. Xing, C. Lu, Y. Zhang, Q. Huang and R. Pless. 
2007. Minimum power configuration for wireless 
communication in sensor networks. ACM Trans. Sen. 
Netw. 3(2). 

[49] R. R. Yager and L. A. Zadeh. 2012. An introduction 
to fuzzy logic applications in intelligent systems, 
volume 165. Springer Science & Business Media. 

[50] G. Yan and S. Olariu. 2011. A probabilistic analysis 
of link duration in vehicular ad hoc networks. IEEE 
Transactions on Intelligent Transportation Systems. 
12(4):1227-1236. 

[51] Q. Zhang and D. P. Agrawal. 2003. Dynamic 
probabilistic broadcasting in mobile ad hoc networks. 
In Vehicular Technology Conference, 2003. VTC 
2003-Fall. 2003 IEEE 58th. 5: 2860-2864. 

[52] Z. Zinonos, C. Chrysostomou and V. 
Vassiliou.Wireless sensor networks mobility 
management using fuzzy logic.  

[53] Tanweer Alam and Mohammed Aljohani. 2016. 
Design a New Middleware for Communication in Ad 
Hoc Network of Android Smart Devices. 
In Proceedings of the Second International 



                                    VOL. 12, NO. 15, AUGUST 2017                                                                                                         ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               4538 

Conference on Information and Communication 
Technology for Competitive Strategies (ICTCS '16). 
ACM, New York, NY, USA, Article 38, 6 pages. 
DOI: http://dx.doi.org/10.1145/2905055.2905244 

[54] Aljohani, Mohammed, and Tanweer Alam. "Real 
Time Face Detection in Ad Hoc Network of Android 
Smart Devices." Advances in Computational 
Intelligence: Proceedings of International Conference 
on Computational Intelligence 2015. Springer 
Singapore, 2017.DOI: https://doi.org/10.1007/978-
981-10-2525-9_24 

[55] Alam, Tanweer. "Middleware Implementation in 
Cloud-MANET Mobility Model for Internet of Smart 
Devices", International Journal of Computer Science 
and Network Security, 17(5), 2017. Pp. 86-94. 

[56] Alam, Tanweer, et.al. "A New Optimistic Mobility 
Model for Mobile Ad Hoc Networks", International 
Journal of Computer Applications, 8(3), 2010. Pp. 1-
4. 

[57] Alam, Tanweer, et.al. "Examining the movements of 
mobile nodes in the real world to produce accurate 
mobility models", energy 2(9), 2010. Pp. 4647-4650. 

[58] Roy, Sandip, Rajesh Bose, and Debabrata Sarddar. 
"Impaired Driving and Explosion Detection on 
Vehicle for Ubiquitous City." International Journal of 
Computational Intelligence Research 13.5 (2017): 
1167-1189. 

[59] Roy, Sandip, Rajesh Bose, and Debabrata Sarddar. 
"Fuzzy based dynamic load balancing scheme for 
efficient edge server selection in cloud-oriented 
content delivery network using Voronoi 
diagram." Advance Computing Conference (IACC), 
2015 IEEE International. IEEE, 2015. 

[60] Roy, Sandip, et al. "Energy Efficient WMSN for 
Virtual Sensor-Based Global Information Sharing 
using Mobile Cloud." (2015): 1127-1133. 

[61] Muthanna, Ammar, et al. "Analytical evaluation of 
D2D connectivity potential in 5G wireless 
systems." International Conference on Next 
Generation Wired/Wireless Networking. Springer 
International Publishing, 2016. 

[62] Muthanna, Ammar, et al. "Software development for 
the centralized management of IoT-devices in the 
“smart home” systems." Young Researchers in 

Electrical and Electronic Engineering (EIConRus), 
2017 IEEE Conference of Russian. IEEE, 2017. 

[63] Muthanna, Ammar, Andrey Prokopiev, Alexander 
Paramonov, and Andrey Koucheryavy. "Comparison 
of protocols for Ubiquitous wireless sensor network." 
In Ultra Modern Telecommunications and Control 
Systems and Workshops (ICUMT), 2014 6th 
International Congress on, pp. 334-337. IEEE, 2014. 

[64] Mohit Kumar, Nirmal Roberts, "A Technique to 
reduce the Economic Denial of Sustainability (EdoS) 
attack in Cloud,Information Telecommunication and 
Computing (ITC 2013)," ACEEE, 2013. 

[65] Sunil Kumar, Mohit Kumar and Kalka dubey "A Data 
Mining Based Approach for Mitigating Attacks on 
Web Services", International Journal of Advanced 
Engineering Research and Science (IJAERS), Vol-1 
Issues 3,Aug-2014 , ISSN: 2349-6495. 

[66] Kalka dubey, Mohit Kumar and Mayank chandra, “A 
Priority Based Job Scheduling Algorithm Using IBA 
and EASY Algorithm for Cloud metaschedular,” 
International Conference on Advances in Computer 
Engineering and Applications (ICACEA),  Ghaziabad, 
India, 2015 pp. 66-70. 

[67] Mohit Kumar and S.C. Sharma," Priority Aware 
Longest Job First (PA-LJF) Algorithm for Utilization 
of the resource in Cloud Environment," in 3rd 
International Conference on Computing for  
Sustainable Global development., Delhi., 16-18 March 
2016. 

[68] AH Wheb, “Performance Evaluation of UDP, DCCP, 
SCTP and TFRC for Different Traffic Flow in Wired 
Networks”, International Journal of Electrical and 
Computer Engineering (IJECE), 7(6), 2017 

 


