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Abstract-
 
Mobile ad-hoc networks (MANETs) can be described as a set of a huge variety of mobile 

nodes. MANET has the kind of applications such navy, disaster stuck regions and the characteristics 
of dynamic topology, no constant infrastructure, and many others. Nevertheless, there are a few 
protection issues and challenges in it. MANET is vulnerable to numerous attacks because of its open 
medium. As a result, there's need to examine in detail about the way to discover malicious or 
misbehaving node

 
present inside the network. Ant algorithm is a set of rules this is most appropriate 

to be carried out in MANET environments than other algorithms. It can discover a most effective 
route, independent, decentralized, rapid adaptation, and multiple routes. Due to this motive, we use 
ant algorithm to enhance the overall performance of the proposed comfortable protocol. in this 
paper, Ant-primarily based Misbehavior node detection approach is carried out with ad-hoc On-
demand Distance Vector (AODV) protocols and it figuring out the misbehavior node properly evaluate 
the parameters of packet delivery ratio, throughput and so on.   
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Abstract-

 

Mobile ad-hoc networks (MANETs) can be described 
as a set of a huge variety

 

of mobile nodes. MANET has the 
kind of applications such navy, disaster stuck regions and the 
characteristics of dynamic topology, no constant 
infrastructure, and many others. Nevertheless, there are a few 
protection issues and challenges in it. MANET is vulnerable to 
numerous attacks because of its open medium. As a result, 
there's need to examine in detail about the way to discover 
malicious or misbehaving node present inside the network. Ant 
algorithm is a set of rules this is most appropriate to be carried 
out in MANET environments than other algorithms. It can 
discover a most effective route, independent, decentralized, 
rapid adaptation, and multiple routes. Due to this motive, we 
use ant algorithm to enhance the overall performance of the 
proposed comfortable protocol. in this paper, Ant-primarily 
based Misbehavior node detection approach is carried out 
with ad-hoc On-demand Distance Vector (AODV) protocols 
and it figuring out the misbehavior node properly evaluate the 
parameters of packet delivery ratio, throughput and so on.

 

Keywords:

 

AODV, ACO, misbehavior detection and 
recovery, MANET.  

I.

 

Introduction

 

ireless communication nowadays surrounds us 
in many colors and flavors, each with its 
specific frequency band, coverage, and variety 

of applications. It has matured to a large volume, and 
standards have advanced for personal area Networks, 
local area Networks in addition to Broadband wireless 
access. In Ad-Hoc networks, every node is inclined to 
forward data to different nodes, and so the 
determination of which nodes forward data is made 
dynamically based totally on the network connectivity. 
Minimum configuration and brief deployment make Ad-
Hoc networks suitable for emergency situations like 
natural or human-caused disasters, navy conflicts, 
emergency medical situations and many others.

 

a)

 

Routing in Ad Hoc Networks

 

Mobile ad-hoc Networks alternate their topology 
frequently and without previous observe makes packet 
routing in ad-hoc networks a difficult assignment. The 
cautioned procedures for routing can be divided into 
topology-based and position-based routing. Fig 1.1 
represents the right category of ad-hoc routing 
Algorithms. Topology-based  routing protocols  use the  

information about  the links  that exist  in the network to 
carry out packet forwarding. They may be further divided 
into proactive, reactive, and hybrid strategies.  

Proactive algorithms rent classical routing 
strategies which include distance-vector routing (e.g., 
DSDV) or link-state routing (e.g., OLSR and TBRPF). 
They preserve routing facts about the available paths 
within the network even though those paths are not 
presently used. In response to this observation, reactive 
routing protocols had been evolved (e.g., DSR, TORA, 
and AODV). Reactive routing protocols maintain only the 
routes which are presently in use, thereby decreasing 
the load at the network when most effective a small 
subset of all available routes is in use at any time. 
however, they nonetheless have a few inherent barriers.  
Hybrid ad-hoc routing protocols along with ZRP 
integrate local proactive routing and international 
reactive routing with the intention to obtain a higher level 
of efficiency and scalability. 

Position-based routing algorithms remove a 
number of the constraints of topology-based routing by 
using extra information. as a result does now not require 
the establishment or maintenance of routes. The nodes 
have neither to store routing tables nor to transmit 
messages to maintain routing tables updated. As an in 
addition benefit, position-based routing supports the 
delivery of packets to all nodes in a given geographic 
region in a natural way. This kind of provider is referred 
to as geocasting. 

b) Attacks on Ad Hoc Networks  
Wireless the structure of an Ad-Hoc network, or 

lack thereof, leads to a few special kinds of attacks. 
Especially attacks at the connectedness of the network 
which means that attacks on the routing protocol. A 
number of those attacks are Routing Loop, Black hole, 
gray hole, Partitioning, Blackmail, Wormhole, rushing 
attack, resource consumption, dropping Routing traffic, 
location disclosure and so forth. 
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Fig.1.1: Classification of AD-Hoc Routing Algorithms 

c) Security Model and Attributes 
The sector of security is big and a few model to 

apply for attacking the problem is needed. Some of the 
attributes need to be considered for classifying the one 
of kind security desires of the applications of an Ad-Hoc 
network. Which can be Confidentiality, Authentication, 
Availability, Integrity, Non-Repudiation, fact of discovery, 
Isolation, lightweight computations, location, Self, 
Byzantine robustness and many others. 

d) Security of Ad-Hoc Networks  

Security vulnerabilities in ad-hoc networks are: 

Limited computational capabilities: generally, nodes in 
ad-hoc networks are modular, independent, and 
restricted in computational functionality and 
consequently can also grow to be a source of 
vulnerability after they take care of public-key 
cryptography at some point of normal operation. 

Limited power supply: due to the fact nodes generally 
use the battery as power supply, an interloper can 
exhaust batteries by developing extra transmissions or 
excessive computations to be performed by means of 
nodes. 
Challenging key management: Dynamic topology and 
movement of nodes in an Ad Hoc network make key 
control difficult if cryptography is used within the routing 
protocol. 

II. Review of Literature 

Farid Bin Beshr et.al (2016), reveal about 
Adopting Intrusion Detection system (IDS) that allows 
the routing protocol to avoid misbehavior nodes and 
links. The IDS have to characteristic low overhead 
controlling packet, excessive accuracy degree and low 

price of both false alarms and missed detection rate. 
The proposed system primarily based on assigning a 
few nodes called “guard nodes” the obligation of 
overhearing and reporting the misbehaving nodes. The 
scheme is proposed to conquer the majority of the 
drawbacks related to the Watchdog strategies.[1] 

Chinthanai Chelvan.k et.al (2014), describes 
EAACK(enhanced Adaptive Acknowledgement)  
demonstrates better malicious-behavior-detection rates 
in positive instances while does not greatly have an 
effect on the network performances. The Intrusion 
Detection systems named EAACK protocol in particular 
designed for MANETs and compared to different 
famous mechanisms includes, Watchdog scheme .The 
effects confirmed positive performances towards 
Watchdog in the cases of receiver collision and fake 
misbehavior record.[2] 

A Al-Roubaiey et.al(2010) illustrates Adaptive 
ACKnowledgment (AACK), for fixing great issues: the 
limited transmission power and receiver collision. This 
mechanism is an enhancement to the TWOACK scheme 
where its detection overhead is decreased even as the 
detection efficiency is increased. The AACK mechanism 
may not work well on long paths with the intention to 
take a significant time for the end to end 
acknowledgments. This problem will deliver the 
misbehaving nodes more time for losing more 
packets.[3] 

P.Nandhini Sri et.al (2016) decides that during 
this selfish node detection, data packet transmission 
among the nodes the routing path is mounted and 
maintained so long as it's far wished and routing 
overhead is substantially decreased. The simulation end 
result shows that the detection of the selfish node with a 
massive delay. Therefore shortcut tree routing (STR) 
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protocol has been proposed in future work that is used 
for improving the overall performance of the selfish node 
and also route discovery overhead with low memory 
consumption and it provides the most appropriate 
routing path.[4] 

Usha Sakthivel et.al (2011) finds out’s selfish 
behavior of a node impacts the throughput of the 
network. The nodes may additionally choose a back 
down value of shorter duration. An algorithmic technique 
for misbehaving node detection and isolation in ad hoc 
networks by way of enhancing the protocol getting used 
inside the lower layers which consequently improves the 
performance of the network have been proposed. 
Similarly, studies can verify the practicality of the 
proposed concept.[5] 

Kashyap Balakrishnan et.al (2005) defines 
network-layer acknowledgment-based schemes, termed 
the TWOACK and the S-TWOACK schemes, which can 
be honestly introduced-on to any source routing 
protocol. The TWOACK scheme detects such 
misbehaving nodes, after which seeks to relieve the 
problem with the aid of notifying the routing protocol to 
keep away from them in future routes. The schemes 
detect selfish nodes (links) so that other nodes may also 
avoid them in future route selections, with the goal of 
universal improvement in end-to-end packet delivery 
ratio.[6] 

Suganya.N.R et.al(2013) evaluates, from the 
angle of reproduction allocation, we have a look at the 
effect of selfish nodes in a mobile ad hoc network that is 
termed as selfish replica allocation. In our method, every 
node computes credit risk facts on different related 
nodes personally to appraise the degree of selfishness. 
Our method can detect two unique kinds of routing 
manipulation even as keeping a low rate of false 
positives when showing the simulation effects.[7] 

Rasika Mali et.al (2015)  present different 
techniques for detection of misbehavior of nodes such 
as Watchdog, ExWatchdog, TWOACK, S-TWOACK, 
2ACK and Adaptive ACKnowledgment (AACK), 
CONFIDANT, Record and Trust Based Detection. All 
techniques are analyzed with parameters like type of 
misbehavior, key mechanism used, advantages, 
limitations an performance evaluation using Packet 
Delivery Ratio (PDR) and throughput. Still the problem of 
receiver collision, limited transmission power and partial 
dropping are unsolved.[8] 

III.
 Misbehaving Node Detection in 

ANET
 

An individual mobile node can also attempt to 
benefit from other nodes, however, refuse to proportion 
its own resources. Such nodes are known as selfish or 
misbehaving nodes and their behavior is termed 
selfishness or misbehavior. One of the main sources of 
energy consumption inside the mobile nodes of 

MANETs is wireless transmission. A selfish node can 
also refuse to forward data packets to other nodes that 
allow you to conserve its very own energy. 

a) Misbehavior Detection and Mitigation 
To mitigate the unfavorable consequences of 

routing misbehavior, the misbehaving nodes need to be 
detected in order that these nodes can be avoided with 
the aid of all properly-behaved nodes. on this paper, we 
attention on the subsequent problem. 

• Routing Misbehavior Model 
• Detecting Router Misbehavior 
• Detecting Flooding Attacks 
• Packet Dropper Detection 
• Path Tracing Algorithm 
• Black hole attack Detection 
• Hardware Assisted Detection  
• Watchdog and Path rater 
• Nodes Bearing Grudges 

b) Intrusion Detection in MANET 
An Intrusion Detection System (IDS) agent runs 

at each mobile node, and performs local data collection 
and local detection, while cooperative detection and 
international intrusion response may be triggered when 
a node reports an anomaly. Taken into consideration 
two forms of attack scenarios one at a time: 
1) Abnormal updates to routing tables. 
2) Detecting abnormal activities in layers other than the 

routing layer. 
Each node does local intrusion detection 

independently, and neighboring nodes collaboratively 
work on a larger scale. individual IDS agents positioned 
on every and each node run independently and monitor 
local activities (which include consumer, structures, and 
communiqué activities within the radio range), locate 
intrusions from local traces, and provoke responses. 
Neighboring IDS agents cooperatively participate in 
global intrusion detection actions whilst an anomaly is 
detected in local data or if there's inconclusive proof. 

i. Resurrecting Duckling 
This mechanism can be adapted for node 

authentication in ad-hoc wireless networks. During the 
imprinting technique, the devices can trade 
cryptographic keys for signing messages. it is able to be 
possible to use the resurrecting ducking method to 
enforce a key distribution protocol to be used with IP 
sec or another security protocol. 

ii. Packet Dropping 
The concept of packet dropping committed via 

the misbehaving nodes. There are kinds of packet 
dropping carried out by using the misbehaving nodes, 
simple dropping, and selective dropping. As pointed out 
earlier than, the simple dropping is typically devoted to 
the aid of the selfish node, whilst the malicious node 
includes both simple dropping and selective dropping. 
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In simple dropping, the misbehaving nodes drop all of 
the packets now not to or from them; even as in 
selective dropping, the misbehaving nodes only drop 
data packets no longer to or from them while forwarding 
the control packets, including route request, route reply, 
and many others.  

iii. Packet Misrouting 
Within the MANET, a malicious node can 

misroute the data packets to its colluding partner or a 
randomly selected destination with the intention to 
mount further attacks to the networks or disrupt the 
regular communication. Throughout the detection 
process, the detection hardware can pay no attention to 
the destinations which receive misrouted data packets. 
All that the detection hardware cares is the misbehaving 
node misrouting data packets. If the detection hardware 
identifies that the node is committing packet misrouting, 
it's going to send out the warning message. 

IV. Proposed Methodology 

The proposed system is used to detect the 
misbehavior routing using 2ACK and additionally take a 
look at the confidentiality of the data message in 
MANETs environment. here, we used a scheme referred 
to as 2ACK scheme, wherein the destination node of the 
following hop link will send lower back a 2 hop 
acknowledgment known as 2ACK to suggest that the 
data packet has been acquired efficiently. The proposed 
work (2ACK with confidentiality) is as follows. 
• If the 2ACK time is much less than the wait time and 

the original message contents are not altered at the 
intermediate node then, a message is given to 
sender that the link is working well. 

• If the 2ACK time is more than the wait time and the 
unique message contents are not altered on the 
intermediate node, then a message is given to 
sender that the link is misbehaving. 

• If the 2ACK time is more than the wait time and the 
original message contents are altered at the 
intermediate node, then the message is given to 
sender that the link is misbehaving and 
confidentiality is lost. 

• If the 2ACK time is less than the wait time and the 
original message contents are altered at the 
intermediate node then, a message is given to 
sender that the link is working properly and 
confidentiality is lost. 

At the destination, a hash code can be 
generated and in comparison with the sender’s hash 
code to test the confidentiality of the message. 
Consequently, if the link is misbehaving, sender to 
transmit messages will now not use it in future and loss 
of packets may be avoided.

 
a) System Model 

In the existing system, there is a possibility that 
when a sender chooses an intermediate link to send 

some message to destination, the intermediate link may 
give problems such as the intermediate node may not 
forward the packets to destination, it may take very long 
time to send packets or it may modify the contents of 
the packet. In MANETs, as there is no retransmission of 
packets once it is sent, hence care is to

 

be taken that 
packets are not lost.

 
Noting that a misbehaving node can either be 

the sender or the receiver of the next-hop link, we have 
focused on the problem of detecting misbehaving links 
instead of misbehaving nodes using 2ACK scheme. In 
the next-hop

 

link, a misbehaving sender or a 
misbehaving receiver has a similar adverse effect on the 
data packet. It will not be forwarded further. The result is 
that this link will be tagged. Our approach is used to 
discuss the significant simplification of the routing 
detection mechanism and also checking the 
confidentiality of the message in MANETs environment.

 
Module 1: Sender module (Source node). The task of 
this module is to read the message and then divide the 
message into packets of 48 bytes in length, send the 
packet to the receiver through the intermediate node 
and receive the acknowledgement from the receiver 
node through the intermediate node. After sending every 
packet the “Cpkts” counter is incremented by 1. 2ACK 
time is compared with the wait time. If 2ACK is less than 
the wait time, “Cmiss” counter is incremented by 1. The 
ratio of “Cmiss” to “Cpkts” is compared with the 
“Rmiss” (a threshold ratio). If it is less than “Rmiss”, the 
link is working properly otherwise misbehaving.

 Module 2:

 

Intermediate module (Intermediate node). The 
task of this module is to receive a packet from the 
sender, alter/don’t alter the message and send it to the 
destination. Get 2ACK packet from the receiver and 
send 2ACK packet to the sender.

 Module 3: Receiver module (Destination node). The task 
of this module is to receive a message from the 
intermediate node, take out destination name and hash

 
code and decode it. Compare the hash code of source 
node and the destination node for security purpose. 
Send 2ACK to source through the intermediate node.

 b)

 

Algorithm of 2ACK Scheme and Ant Implementation

 We have used the triplet of N1 →

 

N2 →

 

N3 as 
an example to illustrate 2ACK’s pseudo code. Where N1 
is assumed as the source node, N2 is the intermediate 
node and N3 is the destination node. Note that such 
codes run on each of the sender/receivers of the 2ACK 
packets.

 Nomenclature:

 

{Cpkts = the number of the message 
packets sent, Cmiss = the number of the 2ACK packets 
missed, d = the acknowledgment ratio. WT = waiting 
time, i.e., the maximum

 

time allotted to receive 2ACK 
packet}

 

G
lo
ba

l 
Jo

ur
na

l 
of
 C

om
pu

te
r 
Sc

ie
nc

e 
an

d 
Te

ch
no

lo
gy

  
  

  
 V

ol
um

e 
X
V
III

 I
ss
ue

 I
 V

er
sio

n 
I 

  
  
   

4

Y
e
a
r

2 
01

8
  

 (
)

E

© 2018   Global Journals 1

ACO based AODV Method for Detection and Recovery of Misbehaving Node in MANET



Algorithm: 
Step 1:  Start the algorithm. 
Step 2:  Deploy the node 1000 x 1000 areas. 
Step 3:  If the node is failure in deployment  move to 
Step 4. 
Step 4: Initialization of node failure identification.  
Step 5:  Evaluate the parameter for node identification.  
Step 6:  Perform ACO for node detection and routing.  
Step 7: If the node is affected node then recover the 
node otherwise Step 8. 
Step 8:  Terminate the process. 
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No

  Yes

No Yes           

Start

Deployment of Nodes in 
1000* 1000 Areas

If failure 
==1

Initialization Process

Evaluation Parameter

Terminat
e

Affect Node 
Recovery

ACO 

i. Ant node N1
while (true) do
Read the destination address;
Read the message;

Find the length of the message. Cmiss=0, Cpkts=0, WT=20 ms, d=0.2.
2ACK Time=Current Time (Acknowledgement accepted time) – Start Time.
while (length > 48 bytes) do Take out 48 message packet; Length = length – 48;
Encode message using hash function; Send message along with the hash key; Cpkts++;

Receive 2ACK packet;
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      if (2ACK time > WT) then
           Cmiss++;
end
end

if (length < 48 bytes) then
Encode message using hash function; Send message along with the hash key; Cpkts++;

      Receive 2ACK packet;
     if (2ACK time > WT) then
      Cmiss++;
end
end end
       Routing Misbehavior Detection in MANETs Using 2ACK.
ii. Ant node N2
while (true) do
      Read message from source N1
if (Alter) then
      Add dummy bytes of characters;
      Process it and forward to destination N3; Receive 2ACK from N3 and send it to N1;
else if (Do not Alter) then
      Process it and forward to destination N3; Receive 2ACK from N3 and send it to N1;
End end
iii. Ant node N3
while (true) do
       Read message from N2;
       Take out destination name and hash code; Decode the message; Send 2ACK packet to N2;
end

iv. Ant N1 and N3 parallel
while (true) do
     if ((Cmiss/Cpkts)>d and (hash code of source msg) ! = (hash code of destination msg)) then
     Link is misbehaving and the confidentiality is lost;
end
if ((Cmiss/Cpkts)<d and (hash code of source msg) ! = (hash code of destination msg)) then
Link is working properly and the confidentiality is lost;
end
if ((Cmiss/Cpkts)>d and (hash code of source msg)
=(hash code of destination msg)) then Link is misbehaving;
end
if ((Cmiss/Cpkts)<d and (hash code of source msg)
=(hash code of destination msg)) then Link is working properly;
end end

V. Result and Discussion

We have used NS2 in our evaluation. We have 
selected 1000 * 1000m in AODV and 2500*2500m in 
Ant-Based AODV as our network size and generate 50 
mobile nodes in both networks. To explain the various 
performance metrics required for evaluation of 
protocols, to reiterate the black hole attack, we begin 
with the overview of performance parameters that 
includes End-to-end delay, Throughput, Bit Error Rate 
and Packet Delivery Ratio. The parameters have to be 
measured against iteration.
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Table 5.1: Simulation Parameters

Property Value

Routing Protocols AODV, Ant Based 
AODV

Area Covered(DSR) 2500*2500m

Area 
Covered(OLSR)

1000*1000m

Coverage Set 250m

No. of Nodes 50

Observation 
Parameters

Throughput, End-to-
End Delay, Bit Error 
Rate,Packet, 
Ratio and Iteration

Network Simulation NS2

Optimization 
technique

ACO

No. Of Iteration 10

Delivery 

Population Size 500

a) Results
The Result part is divided into two parts for two 

different protocols AODV and Ant-Based AODV and 
finally, their results have been analyzed in tabular form in 
table.

i. Bit Error Rate
Bit error rate is the percentage of bits with errors 

divided  by the total number of bits over a given time 
period. 

BER = ½ erfc� EB
No .of nodes

Figure 5.1: Comparative Relation of Bit Error Rate

In Figure 5.1 shows the comparative relation of 
bit error rate in the presence of misbehaving attack and 
with optimization using ant colony optimization algorithm 
and shows that bite error measure is less with 
optimization as compared to the effect of attack in the 
network. This measure should be less for the efficient 
network.

ii. Throughput 
The amount of data transferred from one place 

to another or processed in a specified amount of time.
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Throughput = (Total No. of Bytes received/ Simulation time) * (8/1000)kbps.

 
 

Figure 5.2: Throughput Measure with Attack and After Optimization
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In Figure 5.2 shows the throughput measure 
with attack and after optimization and shows that this 
measure is having high throughput after optimization. 
The throughput is defined as the network performance 
with the successful delivery of the packets from source 
to the destination in an efficient manner.

iii. End to End Delay
End to End Delay refers to the time taken for a 

packet to be transmitted across a network from source 
to destination.

EED =� Received (T Received −T Trasmission )

P Received

𝑝𝑝

𝑖𝑖=1
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Figure 5.3: End To End Delay Measure with Attack and After Optimization

 

In Figure 5.3 shows the End to End delay 
measure with attack and after optimization and shows 
the packets are delivered in less interval of time to 
increase the network lifetime. The end delay is defined 
as the number of packets received to the destination at 
fewer intervals of time with less error rate.

 

iv.

 

Packet Delivery Ratio

 

Packet Delivery Ratio is defined as the ratio 
between the received packets by the destination and the 
generated packets by the source.
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PDR = P received * 1000/ ∑ P generated𝑛𝑛

𝑖𝑖=1  
 

Figure 5.4: Packet Delivery Rate in the Presence of Attack and After Optimization 

In Figure 5.4 shows the packet delivery rate in 
the presence of attack and after optimization with ant 
colony optimization and shows that the more packets 
are delivered in an efficient manner.  

The packet delivery rate is defined as the 
number of packets successfully received to the 
destination node and the resulting graph of Ant AODV 
shows that the 15% more packets are delivered than the 
network in the presence of an attack. 

b) Comparison of Aodv Routing Protocol using Aco 
In table 1 we have compared the average 

values of AODV and AODV with ACO. In this, we have 
used the four different no. of nodes 50, 60, 70 and 80, 
and then we count the average value of all four 
parameters with 10 iterations for those nodes. At last the 
proactive and reactive routing protocols parameters with 
their nodes have been compared. 

Table 5.2: Comparison of simulation Results 

      No. of Nodes      

PARAMETERS
 

            
 50  60   70   80  

             

 AODV  ANT 
AODV

 AODV  ANT 
AODV

 AODV  ANT 
AODV

 AODV  ANT 
AODV

 

             

Throughput
 

58.83
  

78.72
 

62.42
  

79.88
 

46.73
  

88.84
 

37.18
  

80.68
 

             

End-to-End Delay
 

0.133
  

0.064
 

0.124
  

0.049
 

0.151
  

0.064
 

0.110
  

0.052
 

             

Bit Error Rate
 

0.763
  

1.044
 

0.808
  

3.984
 

0.499
  

1.003
 

0.867
  

1.133
 

             

Packet Delivery 
51.48

  
86.69

 
53.39

  
66.46

 
41.94

  
76.47

 
38.27

  
75.06

 

Ratio             
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Ant Based AODV 86.69 66.46 76.47 75.06
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For throughput on 50, 60, 70 and 80 no. of 
nodes the AODV performs 25%, 21%, 47% and 53% 
better results than the ANT BASED AODV Overall gives 
36% improved results. 

For end-to-end delay on 50, 60, 70 and 80 no. 
of nodes the AODV shows 51%, 60%, 57% and 52% 
better results than AODV. Overall ANT BASED AODV 
shows 50% better performance.  

For Bit error rate on 50, 60, 70 and 80 no. of 
nodes the ANT BASED AODV shows 51%, 60%, 57% 
and 52% better results than AODV. Overall ANT BASED 
AODV shows 50% better performance. So AODV has 
high bit error rate. 

For packet delivery ratio on 50, 60, 70 and 80 
no. of nodes the ANT BASED AODV shows 41%, 19%, 
45% and 49% better performance than AODV. The ANT 
BASED AODV deliver packets 34% faster. 

VI. Conclusion and Future 
Enhancement 

Node Misbehavior in MANET a serious issue in 
Mobile Ad-hoc Network. In the issue produce 
communication delay in Packet Delivery Rate, 
Throughput, and Overhead. We have investigated the 
performance degradation of the network because of a 
misbehaving node in MANET.  

The AODV protocol with the Ant Optimization is 
used to detect the misbehaving node. The 2ACK 
scheme provides the detecting mechanism of 
misbehavior node from sender to receiver. The 2 ACK 
scheme tagged on the misbehaved node in the network. 
The receiver module identifies the 2 ACK has been 
tagged packet for retransmission. The retransmission 
has been performed in ACO optimized routing path. So 
the ACO Based AODV protocol performing better than 
AODV. 

We have investigated the performance 
degradation caused by such misbehaving nodes in 
MANETs. We have analyzed and evaluated a technique, 
termed ACO, to detect and mitigate the effect of such 
routing misbehavior.  We intend to simulate and analyze 
the effect of the attack in other routing protocols and 
can use ACO for better path detection with max-min 
optimization. In feature misbehaving node recovery with 
other optimization technique to be performed. There are 
many more other optimization techniques which perform 
better in future. 
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Abstract-

 

In this paper, we have made comprehensive study 
for the performance evaluation of mmWave massive MIMO 
FBMC wireless communication system. The 16×256 large 
MIMO antenna configured simulated system under 
investigation incorporates three modern channel coding 
(Turbo, LDPC and (3, 2) SPC, higher order digital modulation 
(256-QAM)) and  various signal detection (Q-Less QR, Lattice 
Reduction(LR)  based Zero-forcing(ZF), Lattice Reduction (LR) 
based ZF-SIC and Complex-valued LLL(CLLL) algorithm 
implemented  ZF-SIC) schemes. An audio to image 
conversion aided chaos-based physical layer security scheme 
has also been implemented in such study.

 

On considering 
transmission of encrypted audio signal   in a hostile fading 
channel, it is noticeable from MATLAB based simulation study 
that the LDPC Channel

 

encoded system is very much robust 
and effective in retrieving color image under utilization of 
Lattice Reduction(LR) based ZF-SIC

 

signal detection and 16-
QAM digital modulation techniques.

 

Keywords: MIMO-FBMC, chaos-based physical layer 
security, digital precoding, mmwave geometrical 
channel, SNR.

 

I.

 

Introduction

 

n perspective of rapid increase in the

 

number of 
subscribers of the existing cellular networks

 

(WCDMA/CDMA 2000,

 

HSPA+ aided 3G through LTE-
Advanced4G), it is being observed that nearly 50% of 
the traffic is based on video signal transmission.

 

The 
commercially deployed 3.9G LTE and 4G LTE-Advanced 
wireless networks are trying to meet up explosive 
demand for high quality video through sharing with 
social media such as YouTube and ultra HD (UHD) and 
3D video from mobile devices (e.g., android tablets, 
smart-phones etc.) [1]. In consideration of

 

exponential 
growing demand  on  data  rates of  our existing 

 

wireless  networks, we are giving emphasis on the  
designing and implementation  of WWWW(Wireless 

World Wide Web) supportable 5G technology 
implemented  future generation/5G cellular system. The 
5G system has not yet been standardized. The 5G 
mobile communications system is targeted at higher 
spectrum efficiency. Mobile Internet and IoT (Internet of 
Things) are the two main market drivers for 5G.There will 
be a massive number of use cases for Mobile Internet 
and IoT, such as augmented reality, virtual reality, 
remote computing, eHealth services, automotive driving 
and so on. All these use cases can be grouped into 
three usage scenarios, i.e., eMBB (Enhanced mobile 
broadband), mMTC (Massive machine type 
communications) and URLLC (Ultra-reliable and low 
latency communications)[2] In  future 5G wireless 
networks., various  modulation schemes such as  Filter-
bank Multicarrier(FBMC), Generalized Frequency 
Division Multiplexing, Bi-orthogonal Frequency Division 
Multiplexing(BFDM, a generalization of the classical CP-
OFDM scheme  capable of providing  lower intercarrier 
interference (ICI) and lower ISI)., Universal Filtered 
Multicarrier (UFMC), Time-frequency Packing(TFP) are 
being considered for adoption. In  FBMC, the  
transmission bandwidth can be exploited at full capacity 
using OQAM(Offset-QAM)[3] The Offset-QAM-based 
filter bank multicarrier (FBMC-OQAM)  can  be 
considered  as  a promising alternative to cyclic prefix-
orthogonal frequency division multiplexing (CP-OFDM) 
for the future generation of wireless communication 
systems. The FBMC-OQAM provides more robustness 
to channel dispersion with respect to conventional CP-
OFDM. The FBMC-OQAM does not require the use of 
acyclic prefix (CP) causing an increase in its spectral 
efficiency [4] 

II. Review of Related Works 

A significant amount of research is being 
carried out in different   academic institutions and 
industries on  identification of key benefits of FBMC as 
5G compatible radio interface technology and its 
effective implementation. In this paper, a brief idea  on 
the works of few researchers  is outlined  In 
2012,  et. al at [5] reviewed and emphasized the key 
benefits of filter bank multicarrier (FBMC) technology 
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and provided a comparative study of different FBMC 
prototype filter designs  under practical channel 
environments. In 2014, Schellmannet.almadereviewing   
work on the waveform design of 4G (based on OFDM) 
and motivated the need for a redesign for 5G in 
consideration of  rendering unfeasibility of  OFDM with 
the advent of the Internet of Things (IoT) and  moving  to 
user-centric processing. The authors designed a new 
waveform called Universal Filtered Multi-Carrier (UFMC) 
collecting the advantages FBMC[6]. In 2015 at [7], 
Taheriet. alargued that channel estimation in FBMC was 
not a straightforward scheme  as used in OFDM 
systems especially under  multiple antenna scenarios. 
The authors proposed a channel estimation method 
which employed intrinsic interference pre-cancellation at 
the transmitter side. The outcome of their work showed 
that their   method needed less pilot overhead as 
compared to the popular intrinsic approximation 
methods (IAM) in terms of  better BER and MSE 
performance. At[8] in 2015, Bazziet. al mentioned that 
Vehicle-to-vehicle (V2V) communications was  
anticipated as one of key future services imposing  
challenging requirements on the air interface such as 
supporting high mobility and asynchronous multiple 
access. The authors discussed on the design and 
performance tradeoffs of two 5G targeted waveforms 
(filter bank multi-carrier with offset quadrature amplitude 
modulation (FBMC/OQAM) and filtered OFDM (FOFDM) 
with focusing specifically on V2V communications by 
utilizing a realistic geometry-based stochastic V2V 
channel model. They showed that FBMC/OQAM 
outperformed F-OFDM approaches in some severe V2V 
scenarios. In 2016 at[9], Weitkemperet.alconducted real 
hardware experiments to investigate the performance of 
three waveform families: CP-OFDM, filter bank 
multicarrier with offset quadrature amplitude modulation 
(FBMC/OQAM) and universal-filtered OFDM (UF-
OFDM). FBMC/OQAM. The outcome of their 
experimental work ratified that the FBMC/OQAM had the 
benefit of very low side lobes leading to less inter-carrier 
interference in asynchronous and high mobility 
scenarios. At[10] in 2016, Gorganiet. al   proposed  a 
high-performance and flexible Peak-to-Average Power 
Ratio(PAPR) reduction  algorithm for FBMC-OQAM 
signal model and showed that their proposed algorithm 
had  no degradation as compared  to OFDM. In 2017 at 
[11], Lizeagaet.alfocused on the lacking of  robustness 
of  the existing IEEE 802.11, IEEE 802.15.1 or IEEE 
802.15.4 standard based  industrial wireless 
communications in perspective of real-time 
requirements for factory automation. The authors 
analyzed FBMC-OQAM, GFDM-OQAM and WCP-
COQAM modulation candidates for 5G in terms of bit 
error rate, power spectral density and spectral efficiency 
over highly dispersive channels and assessed the 
suitability of these modulation systems for industrial 
wireless communications based on cognitive radio. 

Additionally, they provided additional details on 
windowing that affecting the protection against highly 
dispersive multipath channels and the spectral efficiency 
in WCP-COQAM. In 2017 at [12], Wang et. al,
demonstrated experimentally a digital mobile fronthaul 
(MFH) architecture using delta-sigma modulation both 
one-bit and two-bit) as the new digitization interface for 
transmission of digital signals  over on-off keying (OOK) 
or 4-level pulse-amplitude-modulation (PAM4) optical 
intensity modulation-direct detection (IM-DD) links. The 
authors demanded that delta-sigma modulators were 
supportable of high-order modulations (256QAM/
1024QAM) and such modulators  were 5G compatible  
with filter-bank-multicarrier (FBMC) signals.

III. Signal Processing and Detection 
Techniques

In this section, various signal processing and 
signal detection techniques have been outlined briefly.

a) Massive MIMO Fading Channel Estimation
In estimation of ray path geometry based  

16×256  sized mmWave massive MIMO  fading channel 

mmwaveH , it is assumed that  the Nt(=256)  transmitting  

and Nr (=16) receiving antennas  are arranged in 
uniform linear array (ULA).Such MIMO  channel has  
limited scattering   with Lu (=6) scatterers. Each 
scatterer is assumed to contribute a single propagation 
path between the base station (BS) and mobile station 
(MS). The geometrical channel model mmwaveH
∈CN

r
×N

tcan be written as:

∑
=

∗=
uL

l
luBSluMSlu

u

rt
mmwave aa

L
NNH

1
,,, )()( φθα

ρ
       (1)

where, l,uα is the complex gain of the lth path including 

the path loss, ρ is the path loss between base station 
(BS) and mobile station (MS). The variable l,uθ   and 

l,uφ ∈[0,2π] are the lth path's angle of arrival and 

departure (AoAS/AoDs) respectively. Finally, 

)l,u(BSa φ and )(a l,uMS θ are the antenna array 

response vectors of the BS and MS respectively. 



With available knowledge of the geometry of uniform linear antenna arrays,  )l,u(BSa φ  is defined as:  
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π
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where, λ is the  signal wavelength  and d is the 
distance between  two consecutive antenna  elements. 

The massive MIMO mmWave fading channel 

mmwaveH  is further normalized to get  a modified form of 

fading channel matrix as: 

SĤ = ⊙ mmwaveH (4) 

where, ⊙is indicative of Hadamard product, S is the 
16×256  sized matrix whose each element is inverse of  
magnitude of each complex element of mmwaveH . The 

squared value of the Frobenius norm of the normalized 

channel matrix Ĥ is given by[13, 14] 

rt

2

F NN]Ĥ[ = 
      

(5) 
 

  
Digital precoding is generally used to control 

both the phases and amplitudes of the original signals 
to cancel interferences in advance. In consideration of 
designing digital precoding

 
for single-user mmWave 

massive MIMO system, it is assumed that the base 
station (BS) employs Nt

 
antennas to simultaneously 

transmit Nr
 

data streams to a user with Nr antennas 
(Nr<Nt). The BS applies an Nt× Nr

 
digital precoder

 
D and 

the transmitted signal prior to D/A conversion can be 
presented by- 

x=Ds (6) 
where, s is the Nr× 1 original signal vector before 
precoding with normalized power as E (ssH)=(1/Nr)INr, 
To meet up the total transmit power, D satisfies 

r
T

F NDDtraceD == )(2
 

(7) 

In terms of geometrical channel presented in 
Equation (4), the digital precoder is given by[15] 

F
FFtr
ND H

r

)(
= (8)

 

where, F= HĤ  

 
 

c) Lattice Reduction(LR) based Zero-forcing(ZF) 
Detection 

In our16×256    simulated system, the received 
signal  in terms of  transmitted signal, fading channel H 
and white Gaussian noise n  with a variance σn

2 can be 
written as: 

Y= =DsĤ Hs +n          (9) 

where, H= DĤ  is the  16×16   sized equivalent channel 
matrix. In  LR  based ZF signal detection scheme, the 
equivalent channel matrix  H is considered to be 
consisted of 16×16   sized lattice reduced orthogonal 
matrix G and  a 16×16   sized unimodular matrix Usuch 
that 

H=GU               (10) 

The unimodular matrix U is estimated using the 
following relation: 

U= THH                (11) 
 

where,  the   matrix H  is the Moore-Penrose pseudo-
inverse of   matrix H and (.)T  is indicative of Hermitian 
transpose in all cases as presented in this paper. 
The equation (10) can be rewritten as: 

UTG=HT (12) 

From equation (12), the orthogonal matrix G 
can be estimated as: 

G=(UT)-1HT (13) 

The LR-based ZF signal detection linear filter,  
WH can be written  in terms of orthogonal matrix Gas: 

TTT GGGW 1)( −= (14) 

Equation(9) can be rewritten as 

Y=GUs +n= Gc +n            (15) 

where, c=Us , Multiplying equation (15)  by GT    

GTY=GT Gc+ GTn (16) 

Neglecting noise contribution to expected 
signal from equation (16), we can write: 

YWYG)GG(c~ TT1T == −  (17) 
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(2)

(3)

b) Digital Precoding
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The estimated transmitted signal can be written as:

YWUc~Us~ T11 −− == (18)

d) Lattice Reduction(LR)  based ZF-SIC Detection
In LR based Zero-forcing Successive 

interference cancellation (ZF-SIC) signal detection 
scheme, the lattice reduced orthogonal matrix G is QR 
factorized as:

G=QR          (19)

where, Q is the 16×16   sized unitary and R is the 
16×16   sized upper triangular matrix . Premultiplying QH

to Yin Equation (15), we have

QTY=QT Gc+ QTn=QTQRUs+ QTn= RUs+ QTn= R s+ QTn    (20)

where, R =RU, neglecting noise contribution to 
expected signal from equation (20), the estimated 
transmitted signal can be written as[16,17]:

                      YQR)RR(s
~~ TT1T −=                       (21)

e) Complex-valued LLL(CLLL) Algorithm implemented
ZF-SIC Detection

In complex-valued Lenstra–Lenstra–LovKasz
(LLL) algorithm implemented ZF-SIC   signal detection

scheme, the CLLL-reduced orthogonal matrix H~ is 
estimated using the CLLL reduction algorithm. In such 

case, the matrix H~ is QR factorized as:

H~ = R~Q~ (22)

The equation (22) satisfies the following two conditions:

|ℜ[ k,iR~ ] |≤
2
1

|ℜ[ i,iR~ ] | , |ℑ [ k,iR~ ] |≤
2
1
|ℜ[ i,iR~ ] |, ∀i< k,

           δ| 1i,1iR~ −− |2≤| i,iR~ |2+| i,1iR~ − |2,∀i∈[2,N],                   (23)

where, δ is arbitrary   chosen  from ( 
2
1

,1)2 and k,iR~ is 

the (i, k)th entry of   R~ . 

The detailed pseudo-code of the CLLL 
algorithm has been presented in Table I. In table 1, 
(α)*is indicative of complex conjugate value of α. As the 
equivalent fading channel matrix H  16×16  sized, the 
value of N considered in Equation(23) is 16 and the 
value of  δ has been considered to  0.75. A 
comprehensive MATLAB source code for estimating 

CLLL-reduced orthogonal matrix H~   and complex-
valued  unimodular matrix  T with assumption of  a 
typically assumed  16×16  sized channel matrix  is 
presented in the Appendix.



The  estimated CLLL reduced orthogonal matrix

H~ can be written in terms of estimated complex-valued 
unimodular matrix  T  and  equivalent fading channel  
matrix H  in different form as[18]:  

H~ =HT                                 (24) 

Equation (24) can be written as: 

TTH= TH~ (25) 

From Equation (25),equivalent fading channel 
matrix H can be written in terms of  CLLL reduced 
orthogonal matrix and complex-valued unimodular 
matrix   as: 

H=(TT)-1 TH~ (26) 

Equation (9) can be rewritten in case of CLLL 
algorithm implemented ZF-SIC signal detection scheme 
as: 

Y=(TT)-1 TH~ s +n=G1s+n (27) 

where, G1=(TT)-1 TH~ , the matrix G1 is QR factorized as: 

G1=Q1R1 (28) 

Premultiplying Q1
H to Yin Equation (27), we have 

Q1
TY=Q1

T Q1R1s+ Q1
Tn= R1s+ Q1n (29) 

Neglecting noise contribution to expected 
signal from equation (29), the estimated transmitted 
signal can be written as: 

YQR)RR(s
~~~ T

1
T

1
1

1
T

1
−= (30) 
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Table 1: Complex LLL Alogorithm (Using MATLAB Notation)



f)  Q-Less QR Decomposition Scheme 
With Q-less QR Decomposition scheme, the 

detected  signal x~   can be found based on the least 

squares approximate solution to yxH ~~*~ =  where, H~  

and y~   are the channel matrix and received signal 

respectively.  From  H~  channel matrix, an upper 

triangular matrix R~  of the same dimension as H~  is 
estimated and using the following steps, the detected 
desired signal x~ is computed[19] . 
 

))~*~(\~(\~~ yHRRx HH=  

xHyr ~*~~~ −= 

))~*~(\~(\~~ rHRRe HH=  

exx ~~~ += 

 

 
(31) 

    
In Turbo channel coding technique, two 

recursive systematic convolutional (RSC) encoders 
separated by an interleaver are concatenated in parallel. 
The turbo encoder

 
produces three code bits for every 

input bit viz., its coding rate is 3
1 . To avoid excessive 

decoding complexity and code generator polynomials of 
13 and 15 in octal numbering system, the  turbo channel 
encoder has a short constraint length of 4 of  its  RSC 

 
  iteratively decoded

 
using MAP decoding scheme. In 

such scheme, log likelihood ratio(LLR) for maximizing a 
posteriori probability (APP)  are computed iteratively. In 
turbo  encoding,  it is assumed that 

1N3210 c..............c,c,c,cc −= is a
  

coded  sequence produced by   the  2
1 - rated  RSC 

encoder   and 

1N3210 r..............r,r,r,rr −=
 
is a  noisy 

received sequence
 

where the
 

code-word   is 

( ))2(
k

)1(
kk ccc =

with the first bit  being  the 
message bit and the second bit being the punctured  
parity bit. The corresponding received word is 

 

( ))2(
k

)1(
kk rrr =

The coded bit  0/1 is converted to a value  +1/-

1. The maximum a posteriori(MAP) decoding is carried 

out as:

 

1....N0,1,2..k   
) r |1(1)

kP(c) r |1(1)
kP(cif1,

) r |1(1)
kP(c) r |1(1)

kP(cif1,(1)
kc

−=

−=<+=−

−=≥+=+
=

















 

A posteriorilog likelihood ratio(LLR) of   
)1(

kc

 

is 
given by

 

 

The MAP decoding rule in Equation (26) can be 
presented alternatively as:

 
 





= )r |(1)

kL(csign(1)
kc

 

The magnitude of LLR, | )r |(1)
kL(c | 

measures the likelihood of  )1(
kc =+1 or

 

)1(
kc =-1.

 

The LLR can be expressed as a function of the 

probability )[20,21]r|1(1)
kP(c +=

 
( )

) r |1P(c1
) r |1P(cln

) r |1P(c
) r |1P(clncL

(1)
k

(1)
k

(1)
k

(1)
k(1)

k













+=−

+=
=













−=

+=
=

 
h)

 

Low-density parity check (LDPC)

 

Low-density parity check (LDPC)is

 

an emerging 
new technique that gets even more closer to Shannon 
rate with long code words.

 

LDPC codes are linear block 
codes showing good block error correcting capability 
and linear decoding complexity in time. A (n, k) LDPC 
encoder operates on an m ×nsizedH1

 

matrix where m = 
 n-k. It is low density because the number of 1s in each 
row wris

 

« m and the number of 1s

 

in each column wcis « 
n. A LDPC is regular if wcis constant for every column 
and wr= wc(n/m) is also constant for every row. 
Otherwise it is irregular. In LDPC encoding, the 
codeword (c0, c1, c2, c3, …,cn) consists of the message 
bits (m0, m1, m2,...,mk) and some parity check bits and 
the equations are derived from H1

 

matrix in order to 
generate parity check bits. The solution in solving the

 

parity check equations can be written as:
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(32)

(33)

(34)

(35)

g) Turbo Channel Coding

H1cT= (36)0 

encoders. The number of memory elements of each   
RSC encoder is 3.The turbo encoded binarydata are



 where such mathematical  manipulation can be 
performed with a generator matrix G1. G1

 

is found from 
H1

 

with Gaussian elimination which can be written as 
follows: 

 H1= [PT: I]                                                               (37)

 And  G1

 

is                

 G1= [I: P

]                                                                 

(38)

 Hence, ccodeword is found for message word x 
as follows c =xG1

 

=[x :xP]. 

 
The graphical representation

 

for a typical (8, 4) 
LPDC encoding is shown in Fig. 1. The graphical 

representation utilizes variable nodes (v-nodes) and 
check nodes (c-nodes). The graph has fourc-nodes and 
eightv-nodes. The check node fiis connected to ciif hijof 
H1

 

is a 1. This is important to understand the decoding. 
Decoding tries to solve the (n-k) parity check equations 
of the H1

 

matrix. There are several algorithms defined to 
date and the most common ones are message passing 
algorithm, belief propagation algorithm and sum–
product algorithm

 

[20].

 

In this paper, we have employed 
sum-product decoding algorithm as presented in [21].

 
 
 

Figure 1: Graphical representation of a (8, 4) LDPC code 

i)  (3, 2) SPC Channel Coding
 In SPC channel coding, the transmitted binary 

bits are rearranged into very small code words 
consisting of merely two consecutive bits. In such 
coding, (3, 2) SPC code is used with addition of a single 
parity bit to the message u = [u0, u1] so that the 
elements of the resulting code word x = [x0, x1, x2] are 
given by x0 = u0, x1 = u1 and 

 
x2 = u0 ⊞u1 [22]. 

where, ⊞
 
denotes the sum over GF (2)

 

  

In audio to image conversion aided chaos-
based cryptosystem, Henon, a two-dimensional discrete 
chaotic map  has been used to implement  different 
equations of the Lorenz system as: 
 

xi+1  = yi+1

 

- α1

 

xi                                      (39)

 

yi+1  = β1

 

xi 

 

.
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pixel distribution of  each R,G,B  components of plane 
image  are resized into 10000 pixels.  Another auxiliary 
color image of identical pixel size can be generated 
using the following relation:

where, initial parameters are α1 ,β1 and the initial point 
is (x0, y0). Each point (xn,yn) is mapped to a new point 
(xn +1, yn+1) through the Henon map under consideration 
of α1=1.4,β1=0.3 and x0=y0=0.1.A segment of 
considered audio signal  has 30,000 samples  which  on 
8-bit A/D conversion  provides  100×100×3  integer 
values  with each value ranging from 0-255. The plain 
color image  is generated from the audio signal and it is  
100×100×3  pixel sized. Both the plain color image and 
the secret color images are the same  in height and 
width. For processing of each red(R), green(G) and 
blue(B) components of  created plane image, the 
minimum iterations of Henon map is  m2(=100×100).As 
first few iterations seem fairly close together, therefore, 
the total number of iterations is m2+ 100 with discarding  
first 100 points to achieve higher randomness. The 2-D 

IV. Audio to Image Conversion Aided 
Encryption



 

pixXRi= abs( ⌊x100+i  × γ1⌋ )    mod 256,               i=1,……..,m2 

   pixXGi= abs( ⌊x100+i  × γ2⌋ )    mod 256,                       i=1,……..,m2  (40) 

pixXBi= abs( ⌊x100+i  × γ3⌋ )    mod 256,               i=1,……..,m2

 

where, pixXRi,  pixXGi and pixXBi are   the pixel values  
and γ1=12345678,γ2=23456789 and  γ3=34567891  
are the setting values  of the  R,  G and B components 
of the auxiliary color image respectively.

 

On reshaping
 

pixel values presented in 
Equation(34) from 1-D to 2D form, we can write,

 

secImgXR = reshape (pixXR, m, m)
 

secImgXG = reshape (pixXG, m, m) 
 

secImgXB = reshape (pixXB, m, m)
 

If pixRi, pixGi and
 
pixBi  with  i=1,……..,m2    are 

considered to be pixel values  of the  R,  G and B 
components of the plane  color image , we can write, 

 

secImgR = reshape (pixR, m, m)
 

secImgG = reshape (pixG, m, m) 
 

secImgB = reshape (pixB, m, m)
 

Finally, encrypted image is generated from
 
a 

combination of selective components of Equation(35) 
and (36)  by performing the bitwise XOR operation on

 

the corresponding pixels  as described by 
Equation(37)[23]. 

secImgRenc= xor(secImgXR, secImgR) .

 

secImgGenc= xor(secImgXG, secImgG) .               (43)

 

secImgBenc= xor(secImgXB, secImgB) .

 

 
 

We assume that our simulated5G compatible 
mmWave massive MIMO FBMC system depicted in 
Figure 2consists of 1024subcarriers with subcarrier 
spacing 1/T, where T is the interval between the two 
consecutive digitally modulated complex-valued 
symbols in time. Each complex-valued digitally 
modulated symbol is partitioned into its real-valued in 
phase and quadrature component symbol(sample). The 
real valued symbol at the frequency-time index (n; m) is 
denoted by   

 

n,md , where nis the frequency/sub 
channel index and m is the time index. The transmitted 
signals are organized in the form of FBMC bursts/ 
transmission frames with each of them is of N×M sized, 
where  M  is the number of real symbol slots per each

 

FBMC burst. The mathematical formula describing the 
transmit signal  in discrete form,

 

s[k]    for a  FBMC burst  
can be written as:

 

)kNn2jexp(].
2

)mn(jexp[].
2

M
m-g[k

1N

0n

1M

0m  mn,d

)]
2

M
mNn2jexp().kNn2jexp(].

2
)mn(jexp[].

2

M
m-g[k

1N

0n

1M

0m  mn,d

)]
2

M
mk(Nn2jexp(].

2
)mn(jexp[].

2

M
m-g[k

1N

0n

1M

0m  mn,d

]k[mn,g
1N

0n

1M

0m  mn,d̂s[k]

∆π
π

+∆∑
−

=
∑
−

=
=

∆
∆π−∆π

π
+∆∑

−

=
∑
−

=
=

∆−∆π
π

+∆∑
−

=
∑
−

=
=

∑
−

=
∑
−

=
=

where, ∆M is the time distance between the 

consecutive pulses (in samples), ∆N is the frequency 

distance between the adjacent sample pulses(1/(total 

number of samples in N subcarriers),viz.
N
1N =∆ for 

discrete representationof the signal spectra), 

k=0,1,2…..NM-1, ]
2

M
m-g[k ∆ is the delayed impulse 

response of prototype  filter, the phase value  

)]
2

M
mNn2jexp( ∆

∆π−  in s[k] is neglected 

customarily, the component ]
2

)mn(jexp[ π
+   gives 

the value of ±1  for even values of (n+m)  and  ±j for 

odd values of (n+m).the component ]
2

)mn(jexp[ π
+

alternates real and imaginary between adjacent 
subcarriers and symbols[24]. In Figure2, a segment of 
audio signal is considered to have been converted into 

G
lo
ba

l 
Jo

ur
na

l 
of
 C

om
pu

te
r 
Sc

ie
nc

e 
an

d 
Te

ch
no

lo
gy

  
  

  
 V

ol
um

e 
X
V
III

 I
ss
ue

 I
 V

er
sio

n 
I 

  
  
   

20

Y
e
a
r

2 
01

8
  

 (
)

E

© 2018   Global Journals 1

Secured Audio Signal Transmission in 5G Compatible mmWave Massive MIMO FBMC System with 
Implementation of Audio-to-Image Transformation Aided Encryption Scheme

(41)

(42)

(44)

V. FBMC Signal Model and Description 
of Simulated System



chaos based encrypted RGB color image with 100 
pixels in width and 100 pixels in height. The pixel integer 
values of its  respective three Red, Green and Blue 
components are converted into 8 bits binary form, 

channel encoded, interleaved  and digitally modulated 
using 256-QAM.The complex-valued digitally modulated 
QAM symbols are time staggered where, complex-to-
real conversion is executed and the real and  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Block diagram of 5G compatible mm Wave massive MIMO FBMC wireless communication system
imaginary

 

parts of each complex-valued symbol are 
separated to form two new symbols in Offset 
QAM(OQAM) preprocessing section.

 

The time duration 
of each Offset QAM  symbol is half of the time duration 
of QAM symbol. In one time index, a FBMC symbol 
consists of 1024

 

Offset QAM

 

symbols operated 
independently on each of the 1024 subcarriers.  A low 
pass prototype filter of coefficient length 4096 is 
considered with overlapping factor of 4 and it spans four 
FBMC symbols.

 

The low pass prototype filter is 
decomposed into 1024 band pass polyphase filters

 

assigned for each subcarrier with each sub and

 

polyphase filter consisting of four real valued filter 
coefficients. Prior to multicarrier modulation in IFFT 
section, each FBMC symbol consisting of 1024 Offset 
QAM

 

symbols

 

are synthesized with polyphase synthesis 
filter bank. The filtered signals are parallel to serially 
converted and fed into spatial multiplexing encoder and 
eventually they are fed into digital precoder. Then the 
digitally precoded data streams are RF up converted 
with 38 GHz carrier frequency and transmitted from 
each of the transmitted antennas through massive 
MIMO fading channel. In receiving section, the 
transmitted signals are RF down converted and 
subsequently processed for signal detection based on 
considered previously designed digital precoder at the 

transmitter. The detected signal are

 

subsequently 
processed in spatial multiplexing decoder, serial to 
parallel converter, multicarrier demodulation in FFT 
section and filtered in polyphase analysis filter

 

bank. In 
Offset QAM post processing section, the in phase and 
quadrature components are combined and digitally 
demodulated/demapped, de interleaved, channel 
decoded, binary to integer converted, decrypted  and 
eventually  transmitted  audio signal  is retrieved.

 

VI.

 

Result and Discussion

 

In this section, simulation results using MATLAB 
R2017 are presented to illustrate the significant impact 
of various types of signal detection and channel coding 
techniques on  performance evaluation of a single-user 
digitally

 

precoded5G compatible mmWave massive 
MIMO FBMC system  in terms of bit error rate (BER) on 
encrypted audio signal  transmission. It has been 
assumed that the channel state information (CSI) of the 
geometrically estimated mmWave

 

large MIMO fading 
channel is available at the receiver and the fading 
channel coefficients are constant during simulation. The 
proposed model is simulated to evaluate the system 
performance with considering the following parameters 
presented in the Table 2.
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Table 2: Simulation Parameters 

 Data Type
 

Audio Signal
 No of samples

 
30,000

 Sampling  frequency of audio signal
 

48KHz
 Carrier frequency

 
28GHz

 Encryption technique
 

Audio to image(
 
size: 100×100×3 pixels)

 Path loss constant
 

3 
Path loss, dB for carrier frequency wavelength λ

 
and 

transmitter-receiver distance , d
 

-20log10(λ/4πd)

 No of iteration used in LDPC decoding
 

10
 Antenna configuration

 
32 x 256 Large MIMO Channel

 Channel Coding
 

LDPC, Turbo and (3,2)SPC
 LDPC  Channel decoding

 
Log-domain sum product

 Digital Modulation
 

16-QAM
 Signal Detection Scheme

 

LR based linear detection, LR based ZF-SIC,
 CLLL based LR and Q-Less QR

 SNR
 

0  to 10 dB
 Channel

 
AWGN and Rayleigh

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3:
 
Conceptual graphical illustration showing the encryption of audio signal in non-understandable color image

Figure3 shows a segment of audio signal and 
the encryption of audio signal in non-understandable 
color image with 16-QAM digital modulation. 
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Figure 4:  BER performance of secured5G compatible mmWave massive MIMO FBMC system with implementation 
of Q-Less QR signal detection, 16-QAM digital modulation and various channel coding schemes

The graphical illustrations presented in Figure 4 
through Figure 7 manifest that the performance of the 
simulated system in terms of Bit error rate (BER) Vs. 
Signal to noise ratio(SNR) values at different scenario is  
clearly understandable and  well defined. It is noticeable 
in Figure 4 that under consideration of   implemented Q-
Less QR signal detection technique, the estimated BER 

values are 0.4230, 0.366 and 0.3111 in case of Turbo, 
(3,2) SPC and LDPC channel coding schemes 
respectively for a  typically assumed SNR value of 2 dB. 
In such specifically considered SNR value, system 
performance improvement of 1.330 dB and 0.706 dB 
are achieved in LDPC as compared to Turbo and (3,2) 
SPC  channel coding techniques.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: 

 

BER performance of secured 5G compatible mmWave massive MIMO FBMC system with implementation 
of CLLL aided Lattice Reduction signal detection, 16-QAM digital modulation and various channel coding schemes

 
Figure 5 show the impact of implementing CLLL 

aided Lattice Reduction signal detection

 

technique on 
system performance. In such case, it is quite observable 
that at SNR value of 2dB,the

 

estimated BERs are found 
to have values of 0.3588, 0.2618 and 0.1635 in case of 
Turbo, (3,

 

2) SPC and LDPC channel coding schemes 
respectively  which are indicative of  system 
performance improvement of 3.413 dB and 2.044 dB  in 
LDPC as compared to Turbo and (3,

 

2) SPC channel 
coding techniques.

 

At 20% BER, SNR gain of 6.7 dB 

and 3.9 dB are obtained in LDPC as compared to Turbo 
and (3,

 

2) SPC  channel

 

coding techniques.
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Figure 6:  BER performance of secured 5G compatible mmWave massive MIMO FBMC system with implementation 
of LR based ZF linear signal detection, 16-QAM digital modulation and various channel coding schemes. 

For identical consideration of SNR value(2dB) 
under scenario of LR based ZF linear signal detection, it 
is seen from Figure 6 that the estimated BER values are 
0.3603, 0.2622 and 0.1747 in case of Turbo, (3,2) SPC 
and LDPC channel coding schemes respectively which 
ratify system performance improvement of   3.144 dB 

and 1.763 dB in LDPC as compared to Turbo and (3,2) 
SPC channel coding techniques. At 20% BER, SNR gain 
of 6.4 dB and 3.6 dB are obtained in LDPC as 
compared to Turbo and (3,2) SPC channel coding 
techniques.

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 7: 

 

BER performance of secured 5G compatible mmWave massive MIMO FBMC system with implementation 
of LR based ZF-SIC signal

 

detection, 16-QAM digital modulation and various channel coding schemes

 

Figure 7 represents characteristics features of 
the simulated  system under implementation of LR 
based ZF-SIC signal detection

 

technique. With 
previously considered SNR value, the estimated BER 
values are 0.3587, 0.2624 and 0.1798 in case of Turbo, 
(3,2) SPC and LDPC channel coding schemes 
respectively. In such situation, system performance 
improvement of 2.999 dB and 1.642 dB are achieved in 
LDPC as compared to Turbo and (3,2) SPC channel 
coding techniques. At 20% BER, SNR gain of 6.2 dB 
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and 3.4 dB are obtained in LDPC as compared to Turbo 
and (3, 2) SPC channel coding techniques.

VII. Conclusions

In this paper, the performance of single-user 
digitally precoded mmWave massive MIMO FBMC 
wireless communication system has been investigated 
on encrypted audio signal transmission under utilization 
of various modern channel coding and signal detection 
techniques. From the simulation results, it can be 



  

  

 

concluded that the presently considered single-user 
digitally precoded

 

mmWave massive MIMO FBMC 
wireless communication system shows satisfactory 

performance with lower order digital modulation under 
implementation of Lattice Reduction(LR)  based ZF-SIC   
signal detection  and LDPC  Channel

 

coding technique. 

Appendix

 

clear all;

 

close all;

 

H=(1/sqrt(2)).*[randn(16,16)+sqrt(-1)*randn(16,16)];%16×16 sized channel matrix  

 

[Q,R] = qr(H);

 

delta= 0.75;

 

% T is unimodular matrix

 

T=diag(ones(1,16));%Initialization with consideration of 16×16 sized identity matrix   

 

m = size(H, 2); %  m=16

 

rho = 2;

 

while rho <=m 

 

for l = 1 :rho-1 
mu = round((R(rho-l, rho)/R(rho-l, rho-l)));

 

if mu ~= 0

 

R(1:rho-l,rho)=R(1:rho-l,rho)-mu*R(1:rho-l,rho-l);

 

T(:, rho)= T(:,rho)-mu*T(:, rho-l);

 

end

 

end

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

 

first_term=delta*abs(R(rho-1,rho-1).^2);

 

second_term=abs(R(rho-1,rho).^2)+abs(R(rho,rho).^2);                  

 

if(first_term > second_term)

 

%Swap the (k-1) th and k th columns in R and T

 

bb=R(:,rho);

 

R(:,rho)=R(:,rho-1);

 

R(:,rho-1)=bb;

 

cc=T(:,rho);

 

T(:,rho)=T(:,rho-1);

 

T(:,rho-1)=cc;

 

alpha=(R(rho-1,rho-1))/normest(R(rho-1:rho,rho-1));

 

beta=(R(rho,rho-1))/normest(R(rho-1:rho,rho-1));

 

thetacut=[conj(alpha) beta ;-beta alpha];

 

R(rho-1:rho,rho-1:m) =thetacut*R(rho-1:rho,rho-1:m);

 

Q(:,rho-1: rho) = Q(:, rho-1:rho)*thetacut';

 

rho = max(rho-1,2);

 

else

 

rho=rho+1;

 

end

 

end

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

 

Htilt=Q*R;% CLLL-reduced orthogonal matrix , Equation(22)
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%T is the complex-valued  unimodular matrix     
%Verification of Equation (24)



 
 

Htilt1=H*T;

 
%%%%%%%%%%%%%%%%%

 
Htilt(1:5,1:5)

 
Htilt1(1:5,1:5)

 
%%%%%%%%%%%%%%%%%%%%%%%
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Abstract-

 

Today, the importance of wireless communication is 
known around the world. To achieve better communication, 
many techniques and methods have been introduced. Among 
these techniques, intelligent / adaptive antennas are a hot 
topic in the field of research. Smart antennas consist of several 
antenna arrays and are able to optimize the radiation and 
reception of dynamically desired signals. In order to avoid or 
mitigate interference, smart antennas may also introduce zero 
values towards the receivers by adaptively updating the 
weights associated with each antenna element. Smart 
antennas can also improve reception quality and reduce 
missed calls. The various existing surveys are also discussed 
to identify the research deficit for the scope of future research.

 

Keywords:

 

wireless communication system, micro strip 
antenna, single-input, single-output, antenna diversity, 
multiple-input, multiple-output, multi-com with multiple 
antennas. 

I.

 

Introduction

 

n the era of modern wireless communication systems, 
antennas capable of operating at broad frequency 
band range are increasingly demanded. Various 

antenna design which enable antennas with low profile, 
light weight, enhanced dual or wideband frequency 
capabilities have been developed and presented in the 
literature. However, such antennas mostly need a large 
size of ground plane or a via hole connection for feeding 
the signal which increases manufacturing difficulty and 
cost. Antennas are useful mode of communication in 
different fields; antennas are used to communicate in 
form of audio, video, graphically. As their importance in 
communication antennas are develop time to time 
according to the need. Antennas are design for different 
application of different materials, structures for better 
communication. They are design for radio, television, 
satellite, broadcasting, and cellular system etc., 
communications. It also considered essential in 
discovering the properties of the system where 
antennas are used. Different systems have different 
kinds of antennas employed to them. In some systems 
directional properties of the antennas are designed 

around by operational characteristics of the system, 
whereas the antennas are simply used to transmit 
electromagnetic energy in omnidirectional in some other 
systems or in some systems it could be used for point to 
point communication where increase gain and lessened 
wave impedance are require. 

II. Performance and Improvement of 
Various Antennas 

Much of the success or failure of a wireless 
product depends on the performance of the antenna. 
Too often, the antenna tends to be an afterthought and 
is added on towards the end of the design phase. 
A monopole antenna is a class of radio 
antenna consisting of a straight rod-shaped conductor, 
often mounted perpendicularly over some type 
of conductive surface, called a ground plane. The 
driving signal from the transmitter is applied, or for 
receiving antennas the output signal to the receiver is 
taken, between the lower end of the monopole and the 
ground plane. One side of the antenna feedline is 
attached to the lower end of the monopole, and the 
other side is attached to the ground plane, which is 
often the Earth. This contrasts with a dipole 
antenna which consists of two identical rod conductors, 
with the signal from the transmitter applied between the 
two halves of the antenna. 

In terms of antenna performance, fractal 
shaped geometries are believed to result in multi-band 
characteristics and reduction of antenna size. Although 
the utility of different fractal geometries varies in these 
aspects, nevertheless they are primary motives for 
fractal antenna design. For example, monopole and 
dipole antennas using fractal Sierpinski gaskets have 
been widely reported and their multiband characteristics 
have been associated with the self-similarity of the 
geometry. However this qualitative explanation may not 
always be realized, especially with other fractal 
geometries. A quantitative link between multiband 
characteristics of the antenna and a mathematically 
expressible feature of the fractal geometry is needed for 
design optimization. To explore this, a Koch curve is 
chosen as a  candidate geometry, primarily because its 
similarity dimension can be varied from 1 to 2 by 
changing a geometrical parameter (indentation angle). 
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Extensive numerical simulations presented here indicate 
that this variation has a direct impact on the primary 
resonant frequency of the antenna, its input resistance 
at this frequency, and the ratio of the first two resonant 
frequencies. In other words, these antenna features can 
now be quantitatively linked to the fractal dimension of 
the geometry. This finding can lead to increased 
flexibility in designing antennas using these geometries. 

III. Micro Strip Antenna 

Rectangular micro strip antenna is designed 
with a centre frequency of 2.4 GHz and using FR4 glass 
epoxy substrate of dielectric constant 4.4. A rectangular 
slot defective ground structure is then inserted into the 
ground plane and the simulation is carried out by 
varying the length of the slot with a fixed width of 
2mm.The simulation is carried out using HFSS. HFSS is 
a finite element method solver for electromagnetic 
structures. The performance of both the rectangular 
microstrip antenna and the rectangular microstrip patch 
antenna with defective ground structures are 
investigated. Depending on the relative permittivity, 
operating frequency, the width and length of the patch 
are determined. The substrate used is FR4 with a 
relative permittivity of 4.4 and the height of the substrate 
is 1.6 mm .The desired length and width can be found 
out by using following equations obtained from the 
transmission model analysis. 

Sensitivity to board size is an important factor 
when choosing an antenna. For example, a monopole 
antenna is an antenna working with an ideal, relatively 
large ground which is considered part of the antenna. 
This makes the monopole antenna sensitive to ground 
size and shape, meaning that the ground can greatly 
affect the antenna’s performance. Inverted-F antennas, 
also called PIFA antennas, have an arrangement that 
makes them less sensitive to ground. Lastly there are 
dipole or sleeve antennas. These antennas have a 
positive current on one side and negative current on the 
other, thus establishing their own ground reference. Of 
the three antenna types listed here, the dipole is least 
sensitive to ground. All antennas require some amount 
of space for placement. When deciding on antenna 
placement, the surrounding materials must be 
considered, particularly conductive materials, as they 
affect the performance of the antenna. Antenna 
selection also depends on the system in which the 
antenna will be used. Here is a list of systems and their 
ideal antenna numbers and placement: 
Single-Input, Single-Output (SISO): This system uses 
only one antenna. SISO systems are usually 
quite sensitive to location. Performance is easily affected 
by the multipath effect. In a SISO system, 
some locations generate what is called a constructive 
effect and other locations generate a destructive effect. 
For example, a car’s FM radio is usually a single 

antenna system. As the car moves along the road, you 
may receive a clear signal one location and static noise 
in another. SISO systems with a single antenna are 
the easiest to design and are inexpensive. 

SISO with antenna diversity: In this configuration, the 
system has two antennas. A SISO system with a single 
antenna can only receive a signal at one point in space 
with no redundancy. However, a SISO system with 
antenna diversity support has two antennas, either one 
of which can be used at any point in time. This allows 
the system to switch antennas if the performance of one 
antenna is lacking. The system always switches to the 
best antenna to overcome the multipath problem. If your 
system supports antenna diversity, it is better to use two 
antennas. The rule of thumb is to place the antennas at 
least a quarter of a wavelength apart. As a rough 
estimate, a quarter of a wavelength is three centimeters 
in the 2.4 GHz band and 1.5 centimeters in the 5 GHz 
band. 

Multiple-input, multiple-output (MIMO): These systems 
use multiple antennas to receive and 
transmit concurrently. For example, if you are using a 
2X2 MIMO system, you need two antennas; this 
configuration is called a two data stream system. MIMO 
systems must have adequate isolation between each 
antenna. Typically, approximately 25dBm isolation gives 
you better signal quality and thus better 
throughput. How can you achieve higher isolation? The 
first and easiest method is to increase the distance 
between the antennas. Move the antennas as far away 
from each other as possible. Longer antenna distance 
provides better antenna isolation. The second method is 
to adjust the antenna polarization. For example, if you 
have two dipole antennas, you can adjust them so that 
they form a 90-degree angle, one in in the 
horizontal polarization and the other in the vertical 
polarization. This way, even at very short ranges, you 
can still achieve 25dBm isolation. 

Multi-com with multiple antennas: Multi-com systems 
use two different standards, such as Wi-Fi 
and Bluetooth, in one product. Multi-com systems 
require multiple antennas. Wi-Fi and Bluetooth operate 
at the same frequencies so adequate isolation between 
the antennas helps avoid interference and makes 
for better multi-com coexistence. For example, Wi-Fi 
products can handle a maximum of -20 dBm input 
signal and a maximum transmit power (TX) of 
approximately +20 dBm. Normally, Bluetooth can 
receive a maximum input signal of -10 dBm and TX 
power is typically limited to approximately 4 dBm. 
Therefore, you need approximately 25~30 dBm isolation 
between Wi-Fi antennas and Bluetooth antennas. This 
provides increased performance when Wi-Fi and 
Bluetooth operate concurrently. 
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IV. Conclusion and Further Study 

A wideband antenna that covers all Wi-Fi and 
WiMAX frequency bands has been designed and 
implemented on FR4 substrate successfully. The 
widebnad antenna characteristic covers the frequency 
of 2.3 – 6 GHz. Wideband characteristic is produced by 
modifying a basic circular patch with square ground 
plane by truncating the patch and by adjusting the 
square ground plane to widen the bandwidth at the 
higher frequency band. The antena gain shows an 
almost linearly increase with the frequency from 0 dB at 
2.3GHz to around 4.5 dB at 6 GHz. Antenna radiation 
pattern is bidirectional. Antenna measurement shows a 
good agrement with simulation results. Our further study 
is to investigate a more challenging antenna design 
using a multiband approach. Multiband antenna can 
provide a filtering capability at RF level, so as to improve 
interference to other system. 
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huge data rate users preferred to use a famous novel technique of multiple inputs and multiple output (MIMO) 
system for the more feasible solution of gain in data rate in wireless communication through fading channels. 
The MIMO has been used especially for increasing the bit error rate (BER) performance analysis of WiMAX 
based wireless systems. Different modulation and fading channels are analyzed by the Alamouti STBC. The 
two fading channels used are Rician and AWGN channels. Different space-time block coding (STBC) schemes 
including Alamouti’s STBC for two transmit antennas. At first, STBC techniques are developed in MATLAB after 
that analyzed for bit error-rate performance using different modulation schemes. Finally, there is a use of many 
variants implemented to get improved performance of the system, however, in this implementation, we 
focused the study on Alamouti’s based space-time block code (STBC) encoder to obtain both space diversity 
and maximum combining ratio-based equalizer to combat the effects of the Rician fading channel. 
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Abstract- There is a recent trend in communication because 
it’s changed to a great extent in current days and necessity of 
all human being. As there is need of internet and recent 
multimedia data for every user, there is a high demand for 
wide-band and high data rate robust communication systems. 
As there is a requirement of huge data rate users preferred to 
use a famous novel technique of multiple inputs and multiple 
output (MIMO) system for the more feasible solution of gain in 
data rate in wireless communication through fading channels. 
The MIMO has been used especially for increasing the bit error 
rate (BER) performance analysis of WiMAX based wireless 
systems. Different modulation and fading channels are 
analyzed by the Alamouti STBC. The two fading channels used

 

are Rician and AWGN channels. Different space-time block 
coding (STBC) schemes including Alamouti’s STBC for two 
transmit antennas. At first, STBC techniques are developed in 
MATLAB after that analyzed for bit error-rate performance 
using different modulation schemes. Finally, there is a use of 
many variants implemented to get improved performance of 
the system, however, in this implementation, we focused the 
study on Alamouti’s based space-time block code (STBC) 
encoder to obtain both space diversity and maximum 
combining ratio-based equalizer to combat the effects of the 
Rician fading channel. Different modulation schemes are used 
to get the high data rates of Wi-MAX is QPSK; We calculated 
BER performance of proposed work for different SNRS and 
represent the results for different cases of multimedia data.

 

Keywords: OFDM, WiMAX, maximum combining ratio, 
alamouti’s

 

STBC, MIMO, rician channel,

 

QPSK, BER.

 

I.

 

Introduction

 

n recent broadcasting, the term communications refer 
to all the sending, receiving as well as processing of 
information by electronic means. Demands for 

capability in wireless Communications, driven using a 
Cellular cell, Internet, and Multimedia offerings

 

have 
been rapidly growing to very high- level international 
standards. On the alternative hand, the available radio 
spectrum is constrained, and the Communication ability 
wishes. Advances in different coding such as inclusive 
of Turbo codes, Low-density parity test codes and 
space-time block codes made it simpler as well as more 
feasible to approach the Shannon ability limit in a 

machine with a single antenna hyperlink. Significant 
further advances in spectral performance are available 
by increasing the antennas both at transmitter and 
receiver is known as MIMO technology. 

There is consideration of one of the numerous 
types of the smart antenna-based era. In reality, the 
recent MIMO concepts are useful and embrace many 
other scenarios inclusive of digital subscriber line (DSL) 
structures as well as single-antenna frequency-selective 
channels. MIMO system era has attracted a lot of 
interest in wi-fi communications because it gives 
considerable increases in data throughput as well as 
hyperlink variety without extra bandwidth requirement or 
transmits energy requirement. It is performed based on 
higher spectral performance and hyperlink 
trustworthiness. Due to necessities in MIMO, it is an 
important consideration that present-day wi-fi 
conversation standard along with all the techniques, 
IEEE 802.11n (Wi-fi), 4G, 3GPP LTE and Wi-MAX, 
HSPA+. 

The objective of this paper is to increase the 
wireless communication system performance by using 
the Alamouti’s encoder and Maximum ratio combining 
equalizer techniques through AWGN and Rayleigh 
fading channels. 

MIMO has additionally incited wireless local 
area networks (WLANs) because the IEEE 802.11n 
standard exploits the practice of MIMO structures to 
collect throughputs as high as 600Mbps.This proposed 
paper offers a short history on MIMO schemes 
consisting of the gadget classical, overall the 
performance evaluation and analysis with typical fading 
channel fashions. The attention is then specified to 
space-time block codes (STBC) and Alamouti’s 
encoder. 

II. MIMO System Model 

When speaking for a wireless fading channel, 
transmitted data may be afflicted by attenuation as well 
as fading due to the reason of multipath within the given 
fading channel, consequently making it difficult for the 
receiver to determine these effects. Diversity techniques 
take advantage of the multipath propagation traits to 
improve receiver sensitivity to a great extent. MIMO 
structures are utilized for antenna diversity to achieve 
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the stated improvement and subsequently lowest 
fading. 

Compared with the conventional systems a 
MIMO system is advantageous concerning ability and 
variety gain. Channel capacity theorem according to 
Shannon’s law is given by 

C = Blog2 (1+ SNR) 

From the Channel capacity theorem according 
to Shannon’s law as the bandwidth increases channel 
capacity reaches to the maximum limit. The most 
blessings of MIMO networks finished traditional SISO 
channels are the array gain, the variety benefit, and the 
multiplexing gain. 

a) The MIMO Channel Model 
MIMO network comprises of NT transmit 

antennas and NR receive antennas for a signal model is 
given as 

Y=Hx+n 

Where, X, Y, H and n are vectors of the 
transmitted signal, received signal, channel matrix and 
noise added in the channel respectively.  

Signals with multiple transmissions in time 
discrete index is given as  

Y(t)=Hx(t)+n(t) 

 

Figure 2.1: A MIMO system Model 

The transmitted symbols are mentioned by xi, 
with the subscript index1 taking integers with non-zero 
values up to MT. Based on this notation, the channel 
transfer feature transmits antenna to the  receive 
antenna is denoted by hj,i. To have a MIMO system 
should get better results to a SISO device, the sum of 
the transmitted powers of all antennas MT need to be 
equal to the transmitted strength of a SISO gadget 
denoted P. Hence, the transmitted energy from each 
antenna is P/MT. 

It is feasible as well as robust technique to 
generate a MIMO channel with a correlation matrix 
denoted by H. The channel correlation matrix is 
commonly measured within the subject, and it 
considered all the parameters related to the environment 
setup together with antenna element parameters, 
spacing among antennas for given conditions, and 
surrounding reflectors with all its possibilities. The Paper 
is to assess the performance of different STBC 
schemes. The channel version is chosen such that the 
correlation is not produced with the overall performance. 
Additionally, the normalization of the channel coefficient 
must be such that at each acquire antenna j the sum of 
channel gains of all transmit antennas to acquires 
antenna j is equal to the wide variety of transmit 
antennas, i.e., MT. The Additive White Gaussian Noise 
(AWGN) fading channels are introduced to each obtain 
antenna and are special by way of NJ, with nj being an 
index taking values from 1 to MR. The AWGN fading 
channel components are assumed identically and 
independently dispensed and not depend on any other 
parameters. 

The MIMO system can be given with the help of 
following formulae, 

 

In the given equations, R is a column vector of 
size MRx1 is

 
composed with the received

 
signals rj,  X is  

total column vectors of size MTx1
 

composed of the 
transmitted all constellation

 
points denoted by xi, N is a 

column vector of size MRx1
 

added with the noise 
components nj

 
, and H is channel coefficient of size 

MRxMT matrix with size jith component being the channel 
coefficient hj,i..

 

III.
 

Degradation
 
Effects of

 
Fading

 

The major problem of correlation between 
indicators can occur due to the spacing between 
antennas. To prevent that they are generally spaced as 
a minimum λ/2, where λ

 
is the wavelength of the carrier 

frequency.
 
The 2d purpose correlation can occur due to 

lack of multipath additives. MIMO systems can handle 
rich scattering in multipath fading channels. The 
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multipath impact we can remove by using each get hold 
of the antenna being in a specific channel. 

  

 

Figure 3.1: Non-LOS and LOS propagation 
environments 

Fading is set the problems due to which there is 
lack of signal in telecommunications. Fading effects 
from the superposition of transmitted signals which have 
skilled variations in attenuation put off and phase shift at 
the same time as touring from the supply to the receiver. 

  
In wireless communications, multipath is the 

propagation phenomenon that consequences on radio 
indicators reaching the receiving antenna by two or extra 
paths. Causes of multipath consist of atmospheric 
ducting, ionosphere mirrored image and refraction and 
reflection from the terrestrial object which includes 
mountains, buildings or automobiles. Figure display 
some of the possible methods in which multipath 
indicators can arise. 

 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 3.2: Multipath Signals 

Fading, or equivalently small-scale fading, is 
because of interference between two or more versions 
of the transmitted signal which arrive on the receiver at 
barely special instances. These signals, called multipath 
waves, integrate at the receiver antenna and the 
corresponding matched filter out and provide blended 
signal. This ensuing signal can vary widely in amplitude 

and segment. The presence of reflecting gadgets and 
scatterers creates some converting surroundings. 
Multipath propagation will increase the time required for 
the baseband portion of the sign to attain the receiver. 
The resulting dissipation of the signal electricity in 
amplitude, section, and time. We have categorized 
fading channels based on their multipath time put off 
into flat and frequency selective and based totally on 
Doppler spread into gradual and rapid. These two 
phenomena are unbiased of every other and result in 
the following four types of fading channels. Flat slow 
fading or frequency, flat, fast fading, frequency selective 
slow fading, and frequency selective fast fading. 

IV. Diversity Schemes 

Dissimilar to the Gaussian channel, the noisy 
channel display experiences sudden decreases in the 
power. As we talked about some time recently, this is 
because of the dangerous expansion of multipath 
motions in the engendering media. It can likewise be 
because of impedance from different clients. The 
measure of progress in the got power can be now and 
then more than 20 to 30 db. The energy of the warm 
clamor is not changing that much at the collector. In this 
manner, SNR at the recipient can experience profound 
blurs and be released drastically. For the most part, 
there is a base got SNR for which the beneficiary can 
dependably identify and disentangle the conveyed 
standard. On the off chance that they got SNR is lower 
than such a limit, a dependable recovery of the 
transmitted flag is outlandish. This is typically called a 
"blackout." The likelihood of blackout can be computed 
considering the factual model that models the channel 
or given the real estimations of the channel. It is the 
likelihood of having a gotten control lower than the given 
edge. 

The primary thought behind "diversity" is to give 
distinctive imitations of the transmitted signal to the 
receiver. If these diverse reproductions blur 
autonomously, it is less likely to have all duplicates of 
the transmitted signal in a profound blur all the while. In 
this manner, the recipient can dependably disentangle 
the communicated flag utilizing these got signals. To 
characterize assorted variety quantitatively; we use the 
connection between the got SNR, inevitable by γ, and 
the likelihood of mistake, meant by G. 
A tractable definition of the diversity, or diversity gain, is 

𝐺𝐺𝑑𝑑 = − lim
𝛾𝛾→∞

log𝑃𝑃𝑒𝑒
log 𝛾𝛾

 

Where  𝑃𝑃𝑒𝑒  is given error probability at given SNR of γ. 

  
Verifiably, the transmit signal variety procedure 

proposed by Alamouti was the main technique used for 
STBC. Henceforth, the data information bits are first 
adjusted means they are used to divide original data 
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a) Fading Effects

b) Multipath Fading

a) Alamouti’s Scheme



and mapped into their comparing group of stars focus. 
In this way, let us indicate by and the two-balanced data 
for transmission that enter the space-time encoder. 
Often, in frameworks with just a single transmit reception 
apparatus, these two-data selected are transmitted at 
two back to back time occasions. In the Alamouti 
transmission technique the data used are transmitted by 
the first and the second reception apparatus 
component, individually. For the second-time case, the 
negative of the conjugate of the second data, i.e., the 
data is sent to the primary radio antenna while the 
conjugate of the primary heavenly body point, i.e., x1, is 
transmitted from the second receiving antenna. The 
encoding operation is depicted in Table 4.1. The 
transmission rate is equivalent to the transmission rate 
of a SISO framework. Space– time encoding mapping of 
Alamouti’s two-branches transmits attired variety 
procedure can be spoken to the coding grid as given 
below: 

𝑋𝑋1 = 𝑥𝑥1 −𝑥𝑥2
∗

𝑥𝑥2 𝑥𝑥1
∗  

In the coding matrix X1, the subscript index 
gives the transmit fee compared to a SISO gadget. For 
Alamouti’s scheme, the transmission we used 2 
transmitting and two receiving antennae. The rows of the 
coding matrix constitute the transmit antennas while it 
columns correspond to single time instances. 

Table 4.1: Alamouti’s Scheme 

 

In alternative way, the channel coefficients used 
are given from the first antenna to the 𝑗𝑗𝑡𝑡ℎ receiver 
antenna ℎ𝑗𝑗 ,1 and those from the second antenna to the 
𝑗𝑗𝑡𝑡ℎ receiver antenna ℎ𝑗𝑗 ,2 must satisfy the following 
equations:   

ℎ𝑗𝑗 ,1 = ℎ𝑗𝑗 ,1(𝑡𝑡) = ℎ𝑗𝑗 ,1(𝑡𝑡 + 𝑇𝑇) = ℎ𝑗𝑗 ,1(𝑡𝑡1) = ℎ𝑗𝑗 ,1(𝑡𝑡2) 

ℎ𝑗𝑗 ,2 = ℎ𝑗𝑗 ,2(𝑡𝑡) = ℎ𝑗𝑗 ,2(𝑡𝑡 + 𝑇𝑇) = ℎ𝑗𝑗 ,2(𝑡𝑡1) = ℎ𝑗𝑗 ,2(𝑡𝑡2) 

Finally, the received signals obtained at receiver 
antenna j during the two-time instances are 𝑟𝑟𝑗𝑗 ,1and 𝑟𝑟𝑗𝑗 ,2. 
The received signals satisfy following equations, 

𝑟𝑟𝑗𝑗 1 = ℎ𝑗𝑗 ,1.𝑥𝑥1 + ℎ𝑗𝑗 ,2.𝑥𝑥2 + 𝑛𝑛𝑗𝑗 1 

𝑟𝑟𝑗𝑗 2 = ℎ𝑗𝑗 ,2.𝑥𝑥2
∗ + ℎ𝑗𝑗 ,2.𝑥𝑥1

∗ + 𝑛𝑛𝑗𝑗 2 

In the above Equation, the Additive White 
Gaussian Noise (AWGN) fading channel components 
are added at each receiver antenna element j while 
during the transmission time instances serially t1 and t2, 
are denoted nj1 and nj2, respectively. 

  
Maximum ratio combining is one of the well-

known linear combining methods. In a well-known linear 
combining process, many sign inputs are in my opinion 
weighted and delivered together to get an output signal. 
The weighting elements may be preferred in frequent 
approaches. The output sign is a linear aggregate of a 
weighted replica of all the obtained alerts. The received 
signal is given below, 

 

Where, r is the obtained signal at acquiring 
antenna i, and αi is the weighting factor for receiver 
antenna 1. In most ratio combining, the weighting issue 
of every get hold of the antenna is selected to be in 
percentage with its very own signal voltage to noise 
power ratio. Let Ai and φi be the amplitude and segment 
of the acquired signal, respectively. If every obtain 
antenna has the equal average noise electricity, the 
weighting vector can be represented as, 

 
This method is referred to as superior 

combining due to the fact it can maximize the output 
SNR. This scheme requires the information of channel 
fading amplitude and sign phases. So, it could be used 
at the side of coherent detection, but it isn't realistic for 
non-coherent detection. 

V. Simulation Results 

In this implementation, MATLAB is used to 
check the overall channel performance using different 
modulation technique primarily based on BPSK 
modulation scheme. By making use of Alamouti’s STBC 
and Maximum ratio combining approach, it's miles 
feasible to make channel reaction from Rayleigh fading 
channel to AWGN channel. However, from the 
subsequent figures, it is visible that the performance 
doesn’t appear to improve in the case of no range and it 
considerably recovers using applying the diversity 
techniques like 2x2 Alamouti and 2x4 Alamouti case. 
Also, we can see from the graphs that the BER 
performance of the gadget increases for multimedia 
statistics and because the information rate increases, 
we need additional diversity as an example for the case 
of 4x4 Alamouti methods and it works extensively quality 
with low records price programs. The two varieties of 
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Maximal Ratio Combiningb)



statistics which it's miles examined for are the actual 
time audio and photo statistics. 

 

Fig.5.1: BER analysis for different modulations in 
Alamoutis STBC with ZF equalizer (Rician channel) 

 

Fig.5.2: BER analysis for different modulations in 
Alamoutis STBC with ZF equalizer (AWGN channel) 

Below there is an analysis of Alamouti STBC for 
Rayleigh channel using BPSK modulation. By BER 
performance analysis we get the better results for 
proposed work with Alamouti STBC with 2 T-X antennae 
and 2 R-X antennae than the existing techniques like 
without diversity. 

 

 

 

Fig.5.4: BER for BPSK modulation with Alamouti STBC 
(Rayleigh channel) 

VI. Conclusion 

With implementation execution using MATLAB 
software, we can go for analysis of wireless fading 
channel environment, as the nature of fading increases 
to the certain extent and the data rate is also increased 
to the great extent, one of the ways to get good BER 
performance of the system is increasing the spatial 
diversity. We analyzed the working of Almouti STBC 
under the different modulations and under different 
fading channel. From this analysis, we get to know that 
as modulation index is increases, there is increased in 
BER that means degraded the performance of a system.  
With the help of increasing the number transmitter or 
receiver, we can achieve better performance of the 
proposed implementation. The future work can be 
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Fig.5.3: BER for BPSK modulation with Alamouti STBC 
(Rayleigh channel)



 
 

 
 

 

 
 
 
 
 
 
 
 
 
 

extended to real-time signals like the high-resolution 
images, video streams, and live videos or live 
broadcasting signals like the DVB-2 to check the 
efficiency of the diversity-based systems to crisscross 
its robustness and improvement for multimedia 
applications. Finally, with the subjective and objective 
quality assessment of the data, we can prove that the 
implemented system is having improved performance.
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Abstract- Characterizing users based on their requirements 
and forming groups among providers accordingly to deliver 
them the stronger quality of service is a challenge for 
federated grid community. Federated grid computing allows 
providers to behave cooperatively to ensure required utility by 
users. Grouping grid providers under such an environment 
thus enhance the possibility of more jobs executed whereas a 
single provider or organization might not be able to do the 
same. In this paper, we propose an agent-based iterative 
Contract Net Protocol which supports in building federated 
grid via negotiating distributed providers. The main focus of 
this paper is to minimize the number of iterations using a 
grouping mechanism. Minimizing the number of iterations 
would produce less communication overhead which results in 
the minimum queue waiting time for users to publish their jobs. 
Simulation results further ensure the feasibility of our approach 
in terms of profit and resource utilization compared to that of 
the traditional non-grouped market. 
Keywords: grid computing, agent technology, economic 
model, group formation.

I. Introduction

rid computing is a special kind of network that 
connects distributed computer resources (such 
as clusters, supercomputers, and datasets) to 

provide stronger computation power as well as data 
warehouse over the Internet in order to solve 
computationally intensive problems (such as drug 
design, investigate material properties and weather 
forecasting). These resources are typically owned by 
different owners and driven by different rules and 
policies. Economic models such as Contract Net 
Protocol (CNP) [1], Double Auction [2], and Commodity 
market [3] are found suitable in harnessing these 
distributed resources over different ownership. Recently 
federated grid has emerged as a new approach that 
supports coordination of resources through grouping 
mechanism in order to optimize users quality of service 
(QoS) (i.e. resource availability, reliability, performance 
etc.) [4], [5]. However, autonomous coordination of 
distributed resources is essential to achieve perceived 
utility by users. However, extreme heterogeneity, 
dynamic nature, and different ownership of these 
resources impose challenges to do that. 

Agent technology in computer science is well 
known due to their autonomous actions in making 

decisions and capability of interacting (such as 
cooperate, coordinate and negotiate) with other agents 
like other social beings. Due to the development and 
application of agent technologies, a surge of interest 
has been focused on agent-oriented methodologies and 
modeling techniques. The reason for including agents in 
grid computing is that grid computing and agent 
systems have similar objectives. Both aim to achieve 
“large-scale open distributed systems, capable to 
effectively and dynamically deploy and redeploy 
resources as required, to solve computationally complex 
problems” [6]. Similarly, agents representing different 
grid providers can interact with each other and form 
groups or teams in order to meet their respective goals 
(e.g. meeting users QoS, earning profit etc.). However, 
differentiating among QoS (i.e. typically represented by 
user’s preference values on QoS), and forming groups
accordingly to meet their demands are open issues in 
this field. 

In this paper, we study how to characterize 
different users in terms of their varied utility demands 
and budget constraints. Perceive different utility is 
important in order to deliver stronger QoS. In addition, 
we study how to map appropriate groups with received 
users to enhance system efficiency (e.g. better profit 
and resource utilization). We propose an agent-based 
iterated CNP (iCNP) where agents representing users 
and providers are autonomous to interacting each other 
and both appear with their respective requests and 
offers. iCNP allows multi-round iterative bidding. In 
general, under such an economic model, a manager 
(user) issues/publish the initial call for proposal (cfp)/ 
resource demand. The contractors (providers) then 
evaluate the proposal and propose their bids. The 
manager then accepts one or more of the bids or may 
iterate the process by issuing a revised cfp. However, 
escaping from one round and then waiting for the next 
round to resubmit the request may cause a long queue 
waiting time in a large-scale framework which is typically 
comprised of thousands of users and providers such as 
grid. Hence, in this paper, we further focus on how to 
treat a user in a better way from the first round by 
incorporating grouping mechanism and thus to minimize 
the number of iterations. Minimize the number of 
iterations prevents users from the uncertainty to best 
treat their values and reduces communication delay 
dramatically since negotiation with users as well as 

G
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availability so that they can treat the corresponding 
users the best it is possible by them. 

II. Related Work

Chao et al. [4] proposed for grouping grid 
nodes in terms of nodes’ own desires to optimize 
resource allocation problem. They grouped-up 
according to compatible users and providers based on 
catallaxy-based market though how they defined 
different criteria to do this is not clear. In addition, they 
conducted the simulation with 100 agents (50 users and 
50 providers) but what impact it would have if they 
conducted the simulation with varying the number of 
users and providers is not taken into account. We 
conduct our simulation with thousands of users and a 
varying number of users and providers. 

CNP has been used in a cluster environment to 
optimize utility for users [1]. They have compared the 
performance of CNP and traditional Round Robin 
Protocol (RRP) in terms of different job arrival rates and 
show the advancement of CNP over RRP in terms of 
utility and computational cost. They have conducted 
their simulation by incorporating two scenarios; firstly, 
the scenario that accommodates all the mono-thematic 
applications (similar kind of applications) and secondly, 
which accommodates heterogeneous tasks. However, 
in our work, we focus on iCNP and characterize users in 
terms of their preferences, such that they can be 
efficiently evaluated. 

Goswami adopts [7] CNP to deal with resource 
heterogeneity and proposes two resource selection 
policies. One is K-time optimization policy, in which 
users are sorted in ascending order in terms of their 
proposed deadlines of finishing their jobs. Another one 
is, K-cost optimization policy, in which users are sorted 
in terms of their budgets, they are willing to pay. The 
value of K refers to whether to switch from K-time to K-
cost or not and vice versa. The drawback of this system 
is, though the failed users have the chance to re-
announce/revise their cfp, they still resubmit their cfp 
without changing anything (e.g. increase budget or 
reduce QoS). Hence, the probability of accepting 
revised cfp would be decreasing and produce high 
communication overhead. We change cfp over iterations 
which maximize to successful SLA establishment in 
each round. 

An agent-based Content Distributed Grid (CDG) 
is proposed to form VOs [5]. The concept of CDG is 
borrowed from Content Distributed Network (CDN) in 
where all the servers are co-operative to each other and 
belong to the same organization. The CDG is different to 
the point that all the resources under grid computing are 
competitive and belong to different owners. Hence, they 
propose an economic approach to motivate grid 

providers such that they can be cooperative in 
contributing their resources in order to maximize utility 
for users. The failed users can re-negotiate with 
providers based on their revised cfp and this can 
happen over a certain number of iterations. However, 
under which condition how many iterations it may have 
to allow users re-negotiate is not discussed. If the 
number of iterations is very low, some users might lose 
their chance to re-negotiate or if it is very high, it might 
produce high communication delay. We allow the 
auction to be continued until there are at least one 
potential user and one potential provider in the market 
which guarantees all the users making deal with 
providers. In addition, our grouping strategy helped to 
minimize iterations while ensuring best treat the users. 

Ranjan et al. [8] proposed CNP-based 
negotiation for meta-scheduling resources in federated 
grids. Their proposed SLA-based approach is designed 
to satisfy users by maintaining their job deadlines as 
well as allows providers to control over their resources. 
Users in their system are allowed to iterate the 
negotiation process if they fail in a particular round. 
However, how users revise their cfps is not discussed. 
Hence, accepting revised cfp becomes harder, since 
the providers keep the resource cost constant 
throughout an experiment. There could be another way 
of revising cfp, that is, minimizing resource requirements 
rather than maximizing budget but it may not be 
applicable to a group of users who define a resource as 
their optimization. Our group-based optimization 
strategy minimized the occurring of revising cfp and 
thus decreased the chance of generating such 
unexpected scenarios. 

An enhanced ant colony algorithm combining 
the technique of Ant Colony System and Mix Ant System 
for job scheduling for grid computing is proposed in [9]. 
The proposed algorithm also contains the concept of 
agent for the purpose of updating the grid resource 
table. 

Laizhi Wei et al. [10] proposed an improved ant 
algorithm for Grid task scheduling strategy with a new 
sort of pheromone and node distribution selection rule. 
The proposed algorithm can measure the performance 
of resources and tag on it. By dealing with the 
unsuccessful situations of task scheduling, unnecessary 
overhead of the system is reduced that results in 
shortening the total time requirement of a complete task. 
Sonal Yadav et al. [11] proposed a cost based job 
grouping and scheduling algorithm that will be beneficial 
to both user and resource broker. Before allocating 
resources the algorithms groups the users job which 
results improved communication to computation ratio 
and utilization of available resources. 

among providers requires huge communication 
process. We group providers based on their resource 

The authors of [12] have proposed a grouping 
based job scheduling algorithm that uses priority queue 
and hybrid algorithm to maximize the resource utilization 
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and minimize processing time of the jobs. By 
considering static restrictions and dynamic parameters 
of jobs and machines the algorithm selects the best 
suitable machine for user’s job. 

III. System Model

We model our framework (Figure 1) with three 
types of agents, which are user-agent, provider-agent 
and traffic-agent. Each type of agents is programmed in 
a way so that it can try its maximum to reach an 
agreement (Service Level Agreement) while interacting 
with other agents. We use iCNP as the interaction 
protocol. Since it is iterative, agents in our model can 
optimize their goals through renegotiation. Details on 
iCNP are described in the following section. The three 

types of agents in our system try to reach the following 
individual goal: 

Type 1 (User-agents): Try to optimize the preferred 
values (e.g. storage, budget) as defined by the 
corresponding users, 

Type 2 (Provider-agent):Aims to receive more users so 
that they can maximize their profit, 

Type 3 (Traffic-agent): Is designed to receive and 
evaluate users’ request and finally switch to the 
appropriate groups.

Therefore, it is clear that each type of agents 
has its own task to accomplish. However, in this work, 
we only consider users requests (jobs) as tasks. Such a 
task-oriented domain can be defined as, 

<T, A, C> 

Where T refers to the set of all tasks. Here the 
number of tasks (subsets) is equal to the number of 
users. 

A=({A1,…,Au}, {A1,…,Ap}, At) is the set of 
participating agents. Au, Ap, and At refer the user-agent, 
provider-agent and traffic agent. Again, Au ⊂ A, Ap ⊂ A, 
and t are always 1. 
C refers to the cost of executing a particular task. 
Now, we describe different types of agents in terms of 
their activity. 

a) User-Agent 
In our model, a user-agent is represented by Au

where │u│> 0 and can be any arbitrary number. Each Au

is set by a few resource requirements, budget, deadline, 
and preferred optimization. This is called “call for 
proposal (cfp)” and given by, 

cfpu = {R, B, D, Pref}

However, in this work, we set an Au only with 
resource requirements (storage and processors) R, 
budget B and preferred value Pref. The preferred value 
can be either in resources or budget. The role of an Au is 
to try optimizing its Pref while considering other 
associated constraints. Hence, an Au can easily be 
characterized based on its cfpu. User-characterization is 
mandatory to deliver stronger service. In our work, we 
consider four different ways to differentiate users. 

P = Provider, cfp = call for proposal, OP = Optimization
SLA not established and send back to revise cfp
Migration due to unavailable resources
Accessing Virtual Organization (VO)

                   
                   
                   

Fig. 1: An overview of our proposed group-based federated grid
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Firstly, the users set processing as their preferences. In addition, respective budgets are relaxed, that is, 
willingly to pay whatever price providers impose on cfp. An Au can perceive its preference value automatically based 
on resource requirements. Hence, a cfpu can be re-written as, 

cfpu = {CPUs ≥ predefined CPUs and storage < predefined storage, B(relaxed), D, CPU}

Secondly, the users set storage as their preferences. In this case, the budgets are relaxed as well. Similarly, 
an Au can perceive its optimization entity by using the following cfpu, 

cfpu = {CPUs < predefined CPUs and storage ≥ predefined storage, B(relaxed), D, storage}

Thirdly, the users come with cost optimization. This is recognized by the following cfpu,

cfpu = {CPUs < predefined CPUs and storage < predefined storage, B, D, cost}

Finally, the users set combined optimization as their preferences, which means, they want more resources 
with lower costs. This type of cfpu can be defined as, 

cfpu = {CPUs ≥ predefined CPUs and storage ≥ predefined storage, B, D, combined}

Characterizing users in terms of their cfp would 
help grid providers to treat them better than might 
otherwise be expected. However, this characterization 
can be extended in a few more ways (such as both of 
resources optimization with relaxed budget). We have 
left either ways for our future work. We use different 
ranges for different resource requirements in order to 
dynamically set thousands of users. The average values 
of the ranges are considered as predefined resources. 
Please note that if an Au fails in a particular iteration, it 
revises its cfpu for the following iteration by increasing its 
budget until the budget reaches its maximum value. The 
next step of an Au is interacting with traffic-agent. 

b) Traffic-Agent 
A traffic-agent is represented by At. Only one At

is designed to deal with all Au. At first, it receives cfpu

from an Au. Then it evaluates the cfpu and detects the 
preference value. After that, it evaluates appropriate 
group in order to better serve the user. Details on 
grouping are described in Section 2.3. Finally, it 
switches the Au to the appropriate group which is 
designed to treat the user best. Hence, it is crucial for an 
At to determine appropriate groups of users otherwise it 
may cause some extra iterations which ultimately 
increases communication overhead. 

c) Provider-Agent 
A provider-agent is represented by Ap. Where, 

│p│> 0 and can be any arbitrary number. An Ap is 
designed with resource availability and prices for the 
unit amount of resource consumption. Details on pricing 
are explained in the Economic model section. In this 
paper, we focus on the provider side. Therefore, we 
concentrate on provider strategy rather than user 
strategy. Although providers in grid computing are 
known to be self-interested, they can save costs by 
coordinating their activities among themselves. In a 
multi-agent paradigm, such a grouping activity is known 
as characteristic function game (CFG). In such games, 
the value of each group G is given by a characteristic 
function vG. Hence, providers can be grouped in several 
possible ways based on vG. This is called group 
structure (GS). So, for any group, we can say G ∈ GS. 

We assume that providers are aware of the 
demand curve (a market trend on resource demand) 
and all available cases users can be characterized on. 
Based on this, all the providers under our federated grid 
automatically form into four different groups based on 
their resource availability. Groups are presented here in 
terms of their set of characteristic functions: 

vG=1: {processors ≥ predefined processors and disk-space < predefined disk-space}
vG=2: {processors < predefined processors and disk-space ≥ predefined disk-space}
vG=3: {processors < predefined processors and disk-space < predefined disk-space}
vG=4: {processors ≥ predefined processors and disk-space ≥ predefined disk-space} 

Here, each G is formed to better treat its 
corresponding cfpu. For example, G1 (group1) is 
designed with that provider who are able to supply more 
processing power and thus to deliver stronger quality to 
type1 cfpu. However, grouping in our model occurs prior 
to serving a particular cfpu rather than after receiving the 
cfpu. The reason for this is to prevent users from waiting 
while forming groups over distributed domains. In 
addition, this would increase the probability of receiving 
more users by a particular G. 

For each G, there is a group correspondent 
(typically the first provider), who initiates dealing with a 
cfpu and negotiates with other providers within that G if 
requires. However, G formation in any CFG needs to 
satisfy the following facts; 
Group structure generation: Formation of groups by the 
agents such that agents within each group coordinate 
their activities, but agents do not coordinate between 
groups. Typically, this generation occurs super-
additively, which is, any G of agents is best off by 
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merging into one. This can be explained in terms of the 
utility function, 

UtilityA1∪A2 ≥ UtilityA1 + UtilityA2

For all disjoint agents A1, A2 ⊆ A. The utility 
function of an agent A for a deal δ in order to 
accomplish a task T can be defined as, 

UtilityA (δ) = C (TA) – costA (δ)

Where C (TA) refers to the cost originally 
assigned to the agent A to accomplish the task T and 
costA (δ) is the cost spends to process the deal. The 
agents presented here are all Ap and the utility function 
is restricted to G generation. 

However, in many cases, G formation may not 
be super-additive since there are some costs (such as 
communication cost, security cost) to G formation 
process itself. Therefore, under costly computation, 
component grouping within a single provider or 
organization may be better off by not forming a 
composite grouping with different providers. However, in 
case of grid computing, most cases, a single provider is 
not able to meet large-scale resource requirements. 
Again, due to large-scale resources trading, associated 
costs would be less in most cases. 
Optimization of the group: Here, a particular G’s
objective is to maximize monetary value, that is, to 
maximize the utility value in combination. This can be 
achieved by increasing the money received from users 
or decreasing the cost of using resources. 
Payoff division: It divides the generated solution among 
the provider-agents of a particular G. The division 
should be in a fair and stable way so that the agents are 
motivated to stay with the G rather than move out of it. In 
our model, the solution of a particular G is divided into 
the providers according to the number of resources they 
have shared. 
i. Group migration 

Though each cfpu is supposed to receive in its 
respective G which is appropriate to treat that cfpu, the 
corresponding Au can still be migrated to another G, if 
the designed G becomes unable to deliver the resource 
demands. Under a federated grid, this migration policy 
would increase the system efficiency, since it tries its 
maximum to treat a user well. However, there are some 
restrictions to migrate a cfpu from one G to another. As 
aforementioned, we are focusing on provider side; 
hence, we have used some strategies over migration so 
that the system can produce a better payoff. 

Please note that all strategies of migrating a 
cfpu from one G to another is subject to unavailable 
resources with the G it is migrating from. 
Strategy 1: From providers’ point of view, G1 and G2 
users receive priority than others, since these users 
come with a relaxed budget. Hence, G1 and G2 users 

are allowed migrate to G3 and G4 at any iteration while 
iCNP. 
Strategy 2: G3 and G4 users are allowed migrate to G1
and G2 at all iterations except the first since the budgets 
of G3 and G4 users are not relaxed and thus get less 
priority by providers. This is done such that in the first 
iteration providers can receive more users with relaxed 
budget and thus to maximize profit. 

However, our model supports to define a 
migration policy by a particular group G in either way 
about when to migrate and migrate to which. 

IV. Implementation

We established a simulation environment and 
implemented the proposed model using a cross-
platform multi-agent programmable modeling 
environment known as Netlogo [13], [14]. We choose 
Netlogo because: 

• Netlogo is a FIFA (Foundation for Intelligent Physical 
Agent) conformant platform [15].

• It has extensive built-in models to deal with multi-
agents.

• It can work as a ‘simulated parallel’ environment 
[13].

• It is platform (Mac, Windows, and Linux) 
independent [14].
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Fig. 2: FIFA Iterated Contract Net Protocol

a) Economic model 
We implemented FIFA conformant iCNP 

(Iterated Contract Net Protocol) which is an extension of 
the basic CNP, but it differs by allowing multi-round 
iterative bidding [16]. iCNP supports optimizing a 
particular user’s request by negotiating distributed 
providers. In such a model (Figure 2) a user is called a 
manager who issues an initial cfp. Providers are known 
as contractors, who then response with their bids and 
the manager may then accept one or more of the bids, 
rejecting the others, or may iterate the process by 
issuing a revised cfp. However, the number of iterations 
can be based on a time period or potential users             
(who can still maximize their budgets) and providers 
(who can still serve at least one standard user). We 
consider that the iteration continues until there are a 
potential user and a potential group. Though using our 
approach seems to increase number of iterations and 
thus communication overhead, the approach is more 
consistent in grid perspective and using our grouping 
strategy, number of iterations could be decreased. In 
our case, a group G receives a cfp via the traffic-agent 
(At) with the guarantee that the group G receives the 
correct cfp. However, evaluating a particular cfp would 
be different, if a particular group G receives the cfp from 
another group G (migration) rather than the traffic-agent 
(At). 

b) Bidding policy 
In our system, each user comes with a band of 

budgets, which are minimum budget and maximum 
budget the user is willing to pay. Typically, an Au (user-
agent) corresponding to a user starts bidding from its 

minimum budget to the maximum budget over iterations 
if it can establish the SLA. The bidding in our 
mechanism follows linear increment. Though we are not 
focusing on user-strategy, we would like to change user-
bid over iterations rather than linearly in future. If an Au is 
unable to establish its SLA even after reaching its 
maximum budget, it will be considered as a failed job. 
Resources requested by an Au are priced by Ap

(provider-agent) using the unit price of each particular 
resource. These unit prices do not change over 
iterations. However, in future, we would like to change 
the prices based on supply and demand. The cost C of 
a task, T requested by a particular Au can be formalized 
as follows: 

Where m refers to the resource type requested 
by Au. Typically, this can be storage, CPU, and memory. 
However, we conduct our simulation only with storage 
and CPU.
n is the total number of resource types, Reqm means 
required resource amount of type m
Pm is the unit price (e.g. price/GB storage) for type m. 
This is a function of a particular provider Ap

                                  (1)𝐶(𝑇𝐴𝑢
) = ∑ 𝑅𝑒𝑞𝑚 × 𝑃𝑚(𝐴𝑝)

𝑛

𝑚=1
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c) Optimize user-defined preferences in the group-
based federated grid 

In our implementation, we distinguished user-
defined preferences in two ways. One is resource 
optimization which includes optimization for storage and 
CPU and another one is budget optimization. As we are 
using group-based strategy, it is easier to optimize a 
particular resource type, since typically a group only 
receives cfp with those preferences which the group is 
specialized for. For example, if a user’s preference is 
storage, he goes under group 2, since the group is 
comprised of those providers who have more storage 
power. Therefore, the optimization of a particular 
resource is done via negotiating different providers 
within a particular group. Hence, a task may have to be 
shared by several providers. A large-scale task can be 
shared as the following steps: 

− Task decomposition: involves decomposing large 
task into subtasks. The task decomposition is 
typically done by the dispatcher. 

− Task allocation: refers to assigning the subtasks into 
different providers. 

− Task accomplishment: is the completion of the 
subtasks by the respectively dedicated providers, 
which could further include decomposition and 
subtasks assignment. 

− Result synthesis: includes passing the results from 
different providers to the corresponding provider 
(usually who initiates the negotiation). The 
corresponding provider then composes the results 
and passes it to the user. 

V. Simulation Results and Evaluation

We conduct our simulations according to the 
resource configuration presented in Table 1. Column 1 
of Table 1 represents different parameters that a user 
and a provider use to set their agents. In our simulation 
environment, one can accommodate a large number of 
users as well as providers. To set this large number of 
users and providers with different requests and offers, 
we use ranges of values so that each participant can 
select a value from its respective range. All users’ 
requests are set using the Column 2 ranges and all 
providers’ offers are set using the Column 3 ranges 
automatically. Since, the provider agents do not change 
their resource prices over iterations; we use only a single 
range to define a resource unit price. The first range [1-
5] is used to refer to the price for 1 GB storage and the 
second range [10-20] is used to refer to the price for the 
processor of 1 MIPS (Million Instructions Per Second) 
capacity. The deadline parameter might not be 
consistent in case of simulation and so we are not using 
time parameter to pricing resource cost (e.g. 

Algorithm 1: Dealing Users with Group-based Iterated Contract Net Protocol
1.1 PROCEDURE: ITERATED_CONTRACT_NET_PROTOCOL
1.2 begin
1.3 set job-settled false
1.4 set continue-iteration true
1.5 set number-of-iterations 1
1.6 begin
1.7 SUB-PROCEDURE: RECEIVE_cfpus
1.8 evaluate cfpus by At

1.9 call appropriate groups Gs
1.10 end
1.11 begin 
1.12 SUB-PROCEDURE: INTERACT_GROUP
1.13 while (continue-iteration = true)
1.14 [ foreach cfp-list 
1.15 begin
1.16 SUB-PROCEDURE: EVALUATE_ cfp_BY_G

1.17 if (job-settled = true)
1.18 [Remove the cfp from cfp-list]
1.19 end
1.20 else Don’t remove the cfp from cfp-list 
1.21 call the corresponding Au for revising cfp

1.22 end
1.23 end
1.24 increment of number-of-iterations by 1
1.25 begin
1.26 SUB-PROCEDURE: EVALUATE_POTENTIAL_GROUP
1.27 if (length of potential-group = 0 or length of cfp-list = 0)
1.28 [set continue-iteration false]
1.29 end
1.30 end
1.31         ]
1.32 end
1.33 end
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$3/MIPS/hour). In addition, we assume concurrent 
arrival of different requests and offers.

Table 1: Resource configuration

a) Evaluation criteria
In the Netlogo framework, three different results 

can be obtained based on the interaction of Au (user-
agent) and Ap (provider-agent). The first result describes 
the job rejection rate for an Ap. Job rejection occurs due 
to scenarios such as disagreement of resource prices or 
unavailability of resources. This rate is calculated using 
two parameters - the total number of rejected jobs 
(Jrejected) and the total number of requested jobs 
(Jrequested). The job rejection rate is assumed to range 
from 0 to 1. The job rejection rate, Rrate, is given by:

We conduct our experiment with 5000 users 
and 250 providers and results are compared between 

group-based iCNP and traditional iCNP. The traditional 
approach is, using iCNP without applying our group-
based strategies. At first, we compare these two 
approaches in terms of job rejection rate. Job rejected 
rate is plotted in terms of a number of interactions 
between users and providers (requests).

Figure 3 demonstrates the job rejection rate 
patterns between the two approaches. The horizontal 
axis describes the number of interactions between users 
and providers and the vertical axis shows the rate. The 
number of interactions is more than the total number of 
the user, since the protocol is iterative, which allows 
failed users re-interact to providers.

Fig. 3: Job rejection rate comparison

However, in terms of a number of interactions, 
our group-based approach outperforms than the 
traditional one, since a high number of interactions 
would require high communication process, which 
degrades system performance and keep failed users 
waiting for the following rounds. Our group-based 
optimization strategy helps to minimize the number of 
interactions by switching to appropriate groups based 
on users’ optimizations. Even though the traditional 
approach uses optimization policy, because of not using 
characterizing jobs and grouping strategy, any provider 
can receive any job, which minimizes the probability to 
meet a job requirement by a single provider. The parallel 

trend of a particular rejection rate with the horizontal axis 
refers to accepting jobs and keeps the rejection rate 
constant. For the group-based approach, initially, the 
rejection rate fluctuates to 0.5. This happens due to 
rejecting a few jobs in the beginning. Then it abruptly 
goes down due to starting accepting jobs and almost 
keeps constant. At the end, some jobs are rejected. This 
might occur due to unavailable resources or the users 
reach their maximum budgets without getting their SLAs 
established. The second result demonstrates the total 
revenue earned by a provider or a group. It sums only 
the prices of the accepted jobs. Hence, the total 
revenue, Erev, is:

User/provider-level parameter User-level-range Provider-level-range

Storage/diskspace (GB) 200-600 6000-10000
Number of CPUs (MIPS per CPU) 10-30 800-850

Minimum Budget/demand ($) 500-1000 1-5 (/GB), 10-20 (/MIPS)

Maximum Budge($) 4000-5000 Not Considered

(2)𝑅𝑟𝑎𝑡𝑒 ==
𝐽𝑟𝑒𝑗𝑒𝑐𝑡𝑒𝑑
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Where l denotes the executed job number, j 
denotes a total number of executed jobs and Mi defines 
agreed price (between a user and a provider) for the lth

executed job. For revenue as well group-based 
approach performs better than the traditional (Figure 4). 
The variation in a number of interactions can be 
explained in a similar way as aforementioned. For 
revenue, it is an upward trend except while rejecting 
jobs. During rejection the trend keeps constant. For 
group-based approach, the trend is almost straight, 

which means jobs are accepted smoothly without many 
iterations. On the other hand, the trend for traditional 
approach starts off increasing (accepting jobs) 
smoothly, then after 5000 interactions (i.e. first round 
finished by dealing with 5000 users), it stops moving up 
(rejecting jobs) and gradually going up through a couple 
of iterations. In the end, for both cases system receives 
no revenue. The third output illustrates how the 
resources on provider side are utilized. In this paper, we 
consider the utilization of storage and CPU. The 
percentage of utilization, 𝑈𝑈𝑚𝑚 for a resource of type m by 
a provider Ap can be calculated by using the following
formula:

Fig. 4: Total revenue comparison

Fig. 5: Resource (disk space) utilization comparison

(3)𝐸𝑟𝑒𝑣 =  ∑ 𝑀𝑖
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𝑈𝑚(𝐴𝑝) = [
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑚 − 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑚

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑚

](𝐴𝑝) ∗ 100    (3)

For resource utilization, we obtain similar 
patterns for both disk space and processors. Hence, we 
explain the utilization for disk space only (Figure 5). The 
simulation pattern illustrates the utilization pattern for 
250 providers (along x-axis). Unlikely in the group-based 
approach, traditional approach does not share 
resources between providers. Hence, a chance to utilize 

more resources by a single provider decreases. For 
example, if a provider is unable to fulfill a user’s 
requirements, the provider has to reject the job, since 
the provider does not support sharing resources with 
other providers. On the other hand, in our group-based 
approach, even if a provider is unable to fulfill a user’s 
requirements, the provider still can communicate with 
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Example 1: Resource Optimization. Figure 6 shows the 
throughput of provider-provider negotiation within 
group-4 to optimize storage. Due to unavailable 
resources, user 247 is migrated from group-2 to group-
4. 40% of the user’s storage demand is met by provider-
6 and rest 60% is shared by provider-8. Provider-4 is the 
group-4 correspondent here.
Example 2: Budget Optimization. Figure 7 presents the 
budget optimization process within group-3. Though 
provider-4 and provider-6, both accept user 204’s cfp,
user 204 awarded provider-6, since provider-6’s asking 
bid was less than that of provider-4. Please note that 
provider-6 is appeared in both groups, this is because 
of taking the two shots from different simulations. In 
practically, one provider cannot exist within different 
groups.

Fig. 6: Resource (storage) optimization

Fig. 7: Budget optimization

The illustrations presented in this paper with the 
resource configuration in a way such that “supply is 
equal to demand”. However, we conduct simulations 

with such other scenarios, which are “supply is greater 
than demand” and “supply is less than demand”.

Table 2: Scenario based comparison between group-based federated grid (GFD) and traditional grid (TG)

For all three cases, we use the resource 
configuration according to Table 1. Table 2 
demonstrates that our group-based approach 
outperforms in most cases than the traditional 
approach. The group-based approach consumes less 

simulation time, produce less number of iterations, and 
even rejects fewer jobs in all three scenarios except 
when supply is greater than demand. Due to more 
supply compared to demand, the chance of accepting 
jobs by traditional provider increases.

Scenario Number of 
users

Number of 
providers

Task generation 
time (sec)

Offer generation 
time (sec)  

Number of 
rejected jobs

Number of 
iterations

Net simulation time 
(sec)

GFG TG GFG TG GFG TG GFG TG GFG TG
Supply = 
Demand 5000 250 4.95 8.59 1.625 1.516 213 737 3 7 132.76 2072.10

Supply > 
Demand 4000 250 4.96 5.57 5.266 2 0 0 3 9 113.18 1984.23

Supply < 
Demand 5000 200 4.65 4.17 2.547 1.453 1043 1449 2 5 68.23 706.72

other providers within the group and share resources. 
Hence, the chance of accepting jobs and thus utilization 
resources increases. For group-based approach, most 
of the providers achieve maximum utilization (100%) and 
a few of them are unable to utilize any resources. 
Typically, these providers are dedicated to optimize 
budget constraint by users and propose highest 
resource cost. Hence, it becomes hard to optimize 
budget by these providers and could not able to utilize 
any resources. However, the traditional grid providers 
could contribute their resources in a group-based 
federated grid, since the chance of utilizing maximum 
resources is higher in the group-based system than the 
traditional one. For the traditional approach, the trend is 
scatted across the figure, which implies the adoption of 
no optimization strategy.
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VI. Conclusions and Future Work

The vision of grid computing is to collaborating 
computer resources that are distributed. However, due 
to the dynamic nature and heterogeneity of these 
resources, seamless collaboration is hindered. Agents 
are well known for collaborating distributed resources 
due to their autonomous and proactive nature in 
building decisions without human intervention. In this 
paper, we proposed an agent-based Iterated Contract-
net-protocol to deal with users’ QoS and providers 
satisfactions. We characterize users in terms of their 
preferences and switch them to the groups accordingly. 
A grouping strategy has been proposed for the 
federated grid, where grouping formed in terms of 
providers’ availability and users’ preferences. Our 
strategy enabled users to receive a stronger QoS 
without letting them waiting much. The less number of 
iterations and thus the less time consumption while 
negotiating between users and providers provided the 
justification of our approach. The adoption of such a 
group-based approach would produce less
communication delay while dealing with thousands of 
users as well as providers. In addition, this would 
minimize execution uncertainty while ensuring better 
payoff and resource utilization by providers.

In future, we would like to conduct our 
experiments in real grid scenarios such as Globus, 
Nimrod in order to test the real-time adaptability and 
feasibility of our work. Future work would also extend the 
characteristic functions to distinguish between users in 
order to maximize the number of delivering required 
QoSs. We further would like to experience the agent 
behavior in terms of dealing with distributed environment 
and adapting accordingly.
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 In case, the chairperson needs to be replaced then consent of 2/3rd board members are required 
and they are also required to jointly pass the resolution copy of which should be sent to us. In such 
case, it will be compulsory to obtain our approval before replacement.

 In case of “Difference of Opinion [if any]” among the Board members, our decision will be final and 
binding to everyone.                                                                                                                                             
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We accept the manuscript submissions in any standard (generic) format.

We typeset manuscripts using advanced typesetting tools like Adobe In Design, CorelDraw, TeXnicCenter, and TeXStudio. 
We usually recommend authors submit their research using any standard format they are comfortable with, and let Global 
Journals do the rest.

Authors should submit their complete paper/article, including text illustrations, graphics, conclusions, artwork, and tables. 
Authors who are not able to submit manuscript using the form above can email the manuscript department at 
submit@globaljournals.org or get in touch with chiefeditor@globaljournals.org if they wish to send the abstract before 
submission.

Before and during Submission

Authors must ensure the information provided during the submission of a paper is authentic. Please go through the
following checklist before submitting:

1. Authors must go through the complete author guideline and understand and agree to Global Journals' ethics and code 
of conduct, along with author responsibilities.

2. Authors must accept the privacy policy, terms, and conditions of Global Journals.
3. Ensure corresponding author’s email address and postal address are accurate and reachable.
4. Manuscript to be submitted must include keywords, an abstract, a paper title, co-author(s') names and details (email 

address, name, phone number, and institution), figures and illustrations in vector format including appropriate 
captions, tables, including titles and footnotes, a conclusion, results, acknowledgments and references.

5. Authors should submit paper in a ZIP archive if any supplementary files are required along with the paper.
6. Proper permissions must be acquired for the use of any copyrighted material.
7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the 

submission.

Declaration of Conflicts of Interest

It is required for authors to declare all financial, institutional, and personal relationships with other individuals and 
organizations that could influence (bias) their research.

Policy on Plagiarism

Plagiarism is not acceptable in Global Journals submissions at all.

Plagiarized content will not be considered for publication. We reserve the right to inform authors’ institutions about 
plagiarism detected either before or after publication. If plagiarism is identified, we will follow COPE guidelines:

Authors are solely responsible for all the plagiarism that is found. The author must not fabricate, falsify or plagiarize 
existing research data. The following, if copied, will be considered plagiarism:

• Words (language)
• Ideas
• Findings
• Writings
• Diagrams
• Graphs
• Illustrations
• Lectures
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• Printed material
• Graphic representations
• Computer programs
• Electronic material
• Any other original work

Authorship Policies

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to 
its guidelines, authorship criteria must be based on:

1. Substantial contributions to the conception and acquisition of data, analysis, and interpretation of findings.
2. Drafting the paper and revising it critically regarding important academic content.
3. Final approval of the version of the paper to be published.

Changes in Authorship

The corresponding author should mention the name and complete details of all co-authors during submission and in 
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication 
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for 
changes in authorship.

Copyright

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which 
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible 
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after 
acceptance to choose your copyright policy. You may follow this form for copyright transfers.

Appealing Decisions

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be 
appealed before making the major change in the manuscript.

Acknowledgments

Contributors to the research other than authors credited should be mentioned in Acknowledgments. The source of funding 
for the research can be included. Suppliers of resources may be mentioned along with their addresses.

Declaration of funding sources

Global Journals is in partnership with various universities, laboratories, and other institutions worldwide in the research 
domain. Authors are requested to disclose their source of funding during every stage of their research, such as making 
analysis, performing laboratory operations, computing data, and using institutional resources, from writing an article to its
submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global 
Journals and submitting to the respective funding source.

Preparing your Manuscript

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including 
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and 
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is 
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their 
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese, 
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and 
abstract should be in English. This will facilitate indexing and the pre-peer review process.

The following is the official style and template developed for publication of a research paper. Authors are not required to 
follow this style during the submission of the paper. It is just for reference purposes.
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Manuscript Style Instruction (Optional)

• Microsoft Word Document Setting Instructions.
• Font type of all text should be Swis721 Lt BT.
• Page size: 8.27" x 11'”, left margin: 0.65, right margin: 0.65, bottom margin: 0.75.
• Paper title should be in one column of font size 24.
• Author name in font size of 11 in one column.
• Abstract: font size 9 with the word “Abstract” in bold italics.
• Main text: font size 10 with two justified columns.
• Two columns with equal column width of 3.38 and spacing of 0.2.
• First character must be three lines drop-capped.
• The paragraph before spacing of 1 pt and after of 0 pt.
• Line spacing of 1 pt.
• Large images must be in one column.
• The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
• The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words. 
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers 
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) A title which should be relevant to the theme of the paper.
b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.  
c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.
d) An introduction, giving fundamental background objectives.
e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit 

repetition, sources of information must be given, and numerical methods must be specified by reference.
f) Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any 
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i) Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also 
be summarized.

j) There should be brief acknowledgments.
k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much 
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow 
instructions. They will also be published with much fewer delays than those that require much technical and editorial 
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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Format Structure

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to 
published guidelines.

All manuscripts submitted to Global Journals should include:

Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with 
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details

The full postal address of any related author(s) must be specified.

Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the 
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing 
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be 
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find 
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval, 
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list 
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search 
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most 
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a 
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases, 
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.

Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality 
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic 
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable 
format and not as images. References to these tables (if any) must be mentioned accurately.
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Techniques for writing a good quality computer science research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the 
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking 
several questions of yourself, like "Will I be able to carry out a search in this area? Will I find all necessary resources to 
accomplish the search? Will I be able to find all information in this field area?" If the answer to this type of question is 
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also, 
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed 
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that 
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So 
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the 
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your 
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or 
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your 
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with 
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you 
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list 
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of computer science then this point is quite 
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software, 
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can 
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you 
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research 
paper or find a model research paper. You can download books from the internet. If you have all the required books, place 
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big 
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should 

Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic 
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

Preparation of Eletronic Figures for Publication

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent 
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only. 
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF 
only) should have a resolution of  at  least 350  dpi  (halftone)  or 700  to 1100 dpi              (line  drawings).  Please  give  the  data 
for figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and 
with a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line 
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that 
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and 
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the 
color fee after acceptance of the paper.
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9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. 
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to 
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do 
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant 
to science, use of quotes is not preferable.

10.Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have 
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in 
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and 
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of 
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment 
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish 
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly) 
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward. 
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should 
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain 
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will 
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research 
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a 
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere, 
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you 
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and 
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a 
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your 
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any 
important thing like making a research paper, you should always have backup copies of it either on your computer or on 
paper. This protects you from losing any portion of your important data.
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19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This 
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you 
acquire colleagues, they can give you ideas which will be helpful to your research.

6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit 
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will 
make your search easier.



 

 
 

 

 

 

 

 

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think 
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their 
descriptions, and page sequence is maintained.

21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs." 
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never 
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove 
quotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never 
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies. 
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands, 
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or 
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies 
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical 
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot 
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include 
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings. 
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the 
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A 
good quality research paper format is essential because it serves to highlight your research paper and bring to light all 
necessary aspects of your research.

Informal Guidelines of Research Paper Writing

Key points to remember:

• Submit all work in its final form.
• Write your paper in the form which is presented in the guidelines using the template.
• Please note the criteria peer reviewers will use for grading the final paper.

Final points:
One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the 
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that 
directed you to make a study. As you carry out the process of study, the method and process section will be constructed 
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar 
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality 
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent 
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general 
guidelines.

To make a paper clear: Adhere to recommended page limits.
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Mistakes to avoid:

• Insertion of a title at the foot of a page with subsequent text on the next page.
• Separating a table, chart, or figure—confine each to a single page.
• Submitting a manuscript with pages out of sequence.
• In every section of your document, use standard writing style, including articles ("a" and "the").
• Keep paying attention to the topic of the paper.
• Use paragraphs to split each significant point (excluding the abstract).
• Align the primary line of each section.
• Present your points in sound order.
• Use present tense to report well-accepted matters.
• Use past tense to describe specific results.
• Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
• Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have 
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported 
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in 
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer 
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant 
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet 
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability 
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The 
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any 
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

• Fundamental goal.
• To-the-point depiction of the research.
• Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of 

any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

o Single section and succinct.
o An outline of the job done is always written in past tense.
o Concentrate on shortening results—limit background information to a verdict or two.
o Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important 

statistics) are just as significant in an abstract as they are anywhere else.

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background 
information to be capable of comprehending and calculating the purpose of your study without having to refer to other 
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive 
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the 
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if 
needed, but do not present any particulars about the protocols here.
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The following approach can create a valuable beginning:

o Explain the value (significance) of the study.
o Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon 

its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.
o Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose 

them.
o Briefly explain the study's tentative purpose and how it meets the declared objectives.

Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job 
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you 
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The 
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad 
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.

Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a 
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of 
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped 
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit 
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of 
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way, 
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad 
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of 
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:

Materials may be reported in part of a section or else they may be recognized along with your measures.

Methods:

o Report the method and not the particulars of each process that engaged the same methodology.
o Describe the method entirely.
o To be succinct, present methods under headings dedicated to specific dealings or groups of measures.
o Simplify—detail how procedures were completed, not how they were performed on a particular day.
o If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.

Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the 
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third 
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.

What to keep away from:

o Resources and methods are not a set of information.
o Skip all descriptive information and surroundings—save it for the argument.
o Leave out information that is immaterial to a third party.
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Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective 
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to 
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data 
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if 
requested by the instructor.

Content:

o Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.
o In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.
o Present a background, such as by describing the question that was addressed by creation of an exacting study.
o Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if 

appropriate.
o Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or 

manuscript.

What to stay away from:

o Do not discuss or infer your outcome, report surrounding information, or try to explain anything.
o Do not include raw data or intermediate calculations in a research manuscript.
o Do not present similar data more than once.
o A manuscript should complement any figures or tables, not duplicate information.
o Never confuse figures with tables—there is a difference. 

Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.

Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.

Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached 
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and 
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded 
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the 
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results 
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The 
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain 
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have 
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the 
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded 
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."
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Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results 
that you have, and take care of the study as a finished work.

o You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.
o Give details of all of your remarks as much as possible, focusing on mechanisms.
o Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was 

correctly restricted. Try to present substitute explanations if they are sensible alternatives.
o One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go 

next? The best studies unlock new avenues of study. What questions remain?
o Recommendations for detailed papers will offer supplementary suggestions.

Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present 
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

The Administration Rules

Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to 
avoid rejection. 

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your 
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to 
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and 
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is 
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid 
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your 
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read 
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 
decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 
appropriate content, Correct 
format. 200 words or below 

Unclear summary and no 
specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 
information

Above 250 words

Introduction

Containing all background 
details with clear goal and 
appropriate details, flow 
specification, no grammar 
and spelling mistake, well 
organized sentence and 
paragraph, reference cited

Unclear and confusing data, 
appropriate format, grammar 
and spelling errors with 
unorganized matter

Out of place depth and content, 
hazy format

Methods and 
Procedures

Clear and to the point with 
well arranged paragraph, 
precision and accuracy of 
facts and figures, well 
organized subheads

Difficult to comprehend with 
embarrassed text, too much 
explanation but completed 

Incorrect and unorganized 
structure with hazy meaning

Result

Well organized, Clear and 
specific, Correct units with 
precision, correct data, well 
structuring of paragraph, no 
grammar and spelling 
mistake

Complete and embarrassed 
text, difficult to comprehend

Irregular format with wrong facts 
and figures

Discussion

Well organized, meaningful 
specification, sound 
conclusion, logical and 
concise explanation, highly 
structured paragraph 
reference cited 

Wordy, unclear conclusion, 
spurious

Conclusion is not cited, 
unorganized, difficult to 
comprehend 

References
Complete and correct 
format, well organized

Beside the point, Incomplete Wrong format and structuring
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