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Abstract— Fully self-organized mobile ad hoc networks (MANETs)  represent complex spread  
systems that may also be part of a huge complex  system, such as a complex system-of-systems
used for crisis management operations. Due to the complex nature of MANETs and its resource
constraint nodes, there has always been a need to develop lightweight security solutions. Since MANETs 
require a unique discrete and persistent identity per node in order for their security protocols to be
viable, Sybil attacks pose a serious threat to such networks. A Sybil attacker can either create more than
one identity on a single physical device in order to launch a synchronized attack on the network or can
switch identities in order to weaken the detection process, thereby promoting lack of responsibility in the
network. In this research, we propose a lightweight scheme to detect the new identities of Sybil attackers 
without using centralized trusted third party or any additional hardware, such as directional antennae
or a geographical positioning system. Through the help of wide simulations and real-world test bed
experiments, we are able to demonstrate that our proposed scheme detects Sybil identities with good
precision even in the presence of mobility.
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I. INTRODUCTION 

The Mobile ad hoc networks (MANETs) have attracted a lot of attentions due to their interesting and 
promising functionalities including mobile safety, traffic congestion avoidance, and location based services. 
This project focus on safety driving application, where each vehicle periodically broadcasts messages including 
its current position, direction and velocity, as well as road information. Privacy is an important issue in 
MANETs. As the wireless communication channel is a shared medium, exchanging messages without any 
security protection over the air can easily leak the information that users may want to keep private. Pseudonym 
based schemes have been proposed to preserve the location privacy of mobile. However, those schemes require 
the mobile to store a large number of pseudonyms and certifications, and do not support some important secure 
functionality such as authentication and integrity.  

The centralized key management has some disadvantages. For instance, the system maintenance is not 
flexible. Another issue regarding the centralized key management is that many existing schemes assume a 
tamper-proof device being installed in each vehicle. The tamper-proof device normally costs several thousand 
dollars. The framework to be developed in this paper does not require the expensive tamper-proof device. Here 
the technique used and develop a secure distributed key management framework. In my framework, the road 
side units are responsible for secure group private keys distribution in a localized manner. When a vehicle 
approaches an, it gets the group private key from the RSU dynamically. All mobile which get the group private 
key from the same RSU form a group. A new issue induced by the distributed key management framework is 
that compromised RSUs may misbehave in the key distribution procedure. 

SCOPE:
A compromised may deliver other mobile group private keys to its accomplice. Then, the accomplice 

can send messages under the name of other mobile. Therefore develop security protocols for the distributed key 
management framework, which are capable of detecting the compromised RSUs and their collusion with the 
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malicious mobile if any. Computation overhead is another critical issue in MANETs. In the safety driving 
application, mobile broadcast safety messages. Since the group signature is expensive, the computation 
overhead of each vehicle will become intolerable when the density of mobile is high the authors propose a 
promising protocol which let mobile verify messages cooperatively by employing probabilistic verification. 

However, in order to guarantee efficient cooperation, mobile have to verify at least twenty-five 
messages within 300ms which is still a heavy computation burden for the on-board unit (OBU) installed on a 
vehicle. In addition, the impact of packet loss at the medium access control (MAC) layer on security 
performance is not investigated. In this proposal recommend a more efficient and practical Cooperative message 
authentication protocol (CMAP) with an assumption that each safety message carries the location information of 
the sender vehicle (which can be generated by a global positioning system (GPS) device). 

SYBIL ATTACKS 
               Ad hoc network is composed of mobile, wireless devices, referred to as nodes those communicate only 
over a shared broadcast channel. An advantage of such a network is that no fixed infrastructure is required: a 
network for routing data can be formed from whatever nodes are available. Nodes forward messages for each 
other to provide connectivity to nodes outside direct broadcast range. Each node needs a unique address to 
participate in the routing. Often addresses are assigned as an IP addresses or a unique media access channel 
(MAC) address. Because all communications are conducted over the broadcast channel, nothing but these 
identifiers is available to determine what nodes are present in the network.

DETECTING THE SYBIL ATTACK
In the mobile environment, a single entity impersonating multiple identities has an important constraint 

that can be detected: because all identities are part of the same physical device, they must move in unison, while 
independent nodes are free to move at will. As nodes move geographically, all the Sybil identities will appear or 
disappear simultaneously as the attacker moves in and out of range. Assuming an attacker uses a single-channel 
radio, multiple Sybil identities must transmit serially, whereas multiple independent nodes can transmit in 
parallel. The identities established by a Sybil attacker whether represented by IP addresses, MAC addresses, or 
public keys differ from those of an honest node in several ways. Because the resources of a single node are used 
to simulate multiple identities, any particular assumed identity is resource constrained in computation, storage, 
or bandwidth.   

II. DETECTION OF SYBIL IDENTITIES

A. Attack  model

There are two flavors of Sybil attacks. In the first one, an attacker creates new identity while
discarding its previously created one; hence only one identity of the attacker is up at a time in the network.
This is also called a join-and-leave or whitewashing attack and the motivation is to clean-out any bad history of
malicious activities. This attack potentially promotes lack of accountability in the network. In the second type
of Sybil attack, an attacker concurrently uses all its identities for an attack, called simultaneous Sybil attack.
The motivations of this attack is to cause disruption in the network or try to gain more resources, information, 
access, etc. than that of a single node deserves in a network.

In our scheme, we will consider both types of Sybil attacks. The strategy of our detection mechanism is
to detect every new identity created by a Sybil attacker; it does not matter if the intention of the attacker is to
use that identity for whitewashing or simultaneous Sybil attacks. Hence, in this paper, we will refer to the new
Sybil identity and whitewash identity (WID) interchangeably.

We assume that the attacker joins the network with its single identity, and that malicious nodes do not
collude with one another. We also assume that nodes do not increase or decrease their transmit power. The
attackers can get identities by two ways. First, they can fabricate identities (for example, creating an arbitrary
identifier). Second, they can use stolen identities, i.e., spoof the identities of legitimate nodes
(masquerading) in the network. We assume the first case where nodes can create arbitrary identifiers because
in MANETs, there are no restrictions on identity creation.
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B. Signal Strength Based Analysis

The distinction between a new legitimate node and a new Sybil identity can be made based on their
neighborhood joining behavior. For example, new legitimate nodes become neighbors as soon as they enter 
inside  the radio range  of other nodes; hence their first RSS at the receiver node will be low enough. In
contrast a Sybil attacker, which is already a neighbor, will cause its new identity to appear abruptly in the 
neighborhood. When the Sybil attacker creates new identity, the signal strength of that identity will be
high enough to be distinguished from the newly joined neighbor. In order to analyze the difference between
a legitimate newcomer and Sybil identity entrance behavior, we setup some experiments in the following.
Before we start, it is important to explain how each node collects and maintains the RSS values of the 
neighboring nodes.

Each node maintains a list of neighbors in the form<Address, Rss-List <time, rss>>,  as shown in
Table I, and records the RSS values of any directly received or overheard frames of 802.11 protocol, i.e., RTS,
CTS, DATA, and ACK messages. In other words, each node will capture and store the signal strength of the
transmissions received from its neighboring nodes. This can be performed when a node either takes part in the
communication directly with other nodes acting as a source or a destination or when a node does not take
part in the direct communication. In the latter case it will capture the signal strength values of other
communicating parties through overhearing the control frames. Each RSS- List in front of the corresponding
address contains Rn   RSS values of recently received frames along with their time of reception, Tn . Where n

is the number of elements in the RSS - List that can be increased or decreased depending upon the memory
requirements of a node. In our simulation, we used n to be five elements; however, for real-world scenarios,
it should be greater than that because of the time varying nature of RSS.

III. PROPOSED SYSTEM
The proposed system considers both types of Sybil attacks. The strategy of our detection mechanism is 

to detect every new identity created by a Sybil attacker; it does not matter if the intention of the attacker is to use 
that identity for whitewashing or simultaneous Sybil attacks. Hence, in this paper, I will refer to the new Sybil 
identity and whitewash identity (WID) interchangeably. I assume that the attacker joins the network with its 
single identity, and that malicious nodes do not collude with one another. I also assume that nodes do not 
increase or decrease their transmit power. The attackers can get identities by two ways. First, they can fabricate
identities (for example, creating an arbitrary identifier). Second, they can use stolen identities, i.e., spoof the 
identities of legitimate nodes (masquerading) in the network. I assume the first case where nodes can create 
arbitrary identifiers because in MANETs, there are no restrictions on identity creation.

In the following experiment, we plot the RSS of nodes in order to determine and visualize the behavior of
the new legitimate nodes and the Sybil attackers’ new identities.

  Table 1 Neighbor list based on RSS

IJIRSE/Mar.14/Vol.2 Issue3/40



(IJIRSE) International Journal of Innovative Research in Science & Engineering
ISSN (Online) 2347-3207

Attack Model
   There are two flavors of Sybil attacks. In the first one, an attacker creates new identity while discarding its 
previously created one; hence only one identity of the attacker is up at a time in the network. This is also called 
a join-and-leave or whitewashing attack and the motivation is to clean-out any bad history of malicious 
activities. This attack potentially promotes lack of accountability in the network. In the second type of Sybil 
attack, an attacker concurrently uses all its identities for an attack, called simultaneous Sybil attack. The 
motivations of this attack is to cause disruption in the network or try to gain more resources, information, 
access, etc. than that of a single node deserves in a network. In our scheme, we will consider both types of Sybil 
attacks. The strategy of my detection mechanism is to detect every new identity created by a Sybil attacker; it 
does not matter if the intention of the attacker is to use that identity for whitewashing or simultaneous Sybil 
attacks.

1)  Experiment 1: This experiment is designed to allow us to compare  the behavior  of new 
legitimate nodes with new Sybil identities. As shown in Fig. 1(a), When a new node B enters into another
node A’s neighborhood or radio range, node B gradually enters over time. This is the natural behavior of
nodes entering into one another’s radio ranges and becoming neighbors in mobile environments. Due to this 
natural behavior of entrance and exit, when node A stays static and node B entering into A’s radio range with
speed s, node A will observe its RSS continuously increasing. When A plots B’s RSS readings, B moves
toward A and then ultimately goes out of range on the other side, assuming that B is continually 
communicating with another node C or A. In graphical form, the RSS of B will produce more or less a
complete elliptic curve, as shown in Fig. 2. The diagram shows RSS plots for several arbitrary nodes in a
random mobile scenario (this is taken from our simulation work presented in Section VI). The interesting
characteristic of these plots is that the curve for each legitimate new node starts from the smallest
readable RSS value (in an ideal situation), in this case it is good identity (GID) 17 indicating that GID 17
entered into 36 node’s radio range normally. Whereas Sybil identities start from higher RSS values, such as 
WID 6 and 8 indicating that WID 6 and WID 8 did not enter normally into radio ranges of node 36 and node 
21, respectively. So it can be deduced that these identities are the whitewashed one and their previous
identities were roaming deep inside the radio ranges of the receivers, i.e., 36 and 21.

Fig. 1. Plots of three arbitrary nodes’ RSS values.

This smallest readable RSS value could be used as a de- tection threshold; however mobility and velocity
make things more complicated. For example, the common questions which may arise are, when A will
receive B’s first RSS value and at that particular moment, what would be the location of B inside A’s radio
range? The answer to both of these questions is that it depends on the speed and transmission rate of node B. 
Node with lower transmission rates can penetrate more into the radio ranges before their presence being
acknowledged. In other words, the greater the transmission rate of the nodes the sooner (and close to the
boundary of radio range) their presence will be acknowledged and vice versa. The greater the speed of B, the
farther it will penetrate into the radio range of A before A acknowledges the presence of B. In order to refine 
our detection threshold, we conduct further experiments for speed.
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We do not conduct experiment for transmission rate because our aim here is to demonstrate, at what distance
node B is first acknowledged. This could potentially be affected by speed and transmission rate. We can get our
aim by using speed and keeping transmission rate constant (or vice versa).

2)  Experiment 2: We conducted this experiment in order to establish how far node B penetrates into
node A’s radio range before A acknowledges B’s presence. For this purpose, we simulate the same scenario
as shown in Fig. 1(a) using NS-2.30. First, A establishes a connection with B, where both the nodes are
static. Then, B starts moving in the outward direction at a speed of 2 m/s speed until it goes out of range. 
After taking a pause, node B starts moving toward its original location with four different speeds, i.e., 2, 4,
10, and 15 m/s. The resulting RSS values received at node A can be seen in Fig. 3.

It is evident from the graphs that the greater the incoming speed of B, the greater the first RSS value of B
that will be received by A. In other words, as the incoming speed of B increases, it penetrates deeper into A’s
radio range before A acknowledges its presence. Hence, the first presence or RSS signal varies with speed for
constant packet transmission rate.

Fig. 2. Determining node presence with respect to different speeds.

IV. TUNING THE THRESHOLD

The main difference we found between the results obtained from our simulations and from our test bed 
experiments is the variation in RSS values. As RSS varies, for a node B at a fixed distance d from a node A, the 
receiving node A can receive multiple different RSS values in the fluctuation range [−v, +v] (assuming +v is 
greater than −v) and hence these values do not represent an exact indication of distance. The detection threshold 
will be affected when it works based on a single RSS value. For example, node A can receive RSS from B at any 
particular time while B is a good node just outside the white zone of A with +v variance, the position of B can be 
shown in Fig. 13(a). As a result, due to the +v variation in the RSS, A will consider B to be a new identity 
emerged in its white zone, and hence node B will incorrectly be detected as a Sybil identity. As shown in Fig. 
13(b), another case can occur when node B is a whitewasher in the white zone near the boundary performs a 
whitewash, however, due to the variations in signal strength node A might receive RSS with −v variation, 
considering it a signal coming from its gray zone and hence will consider B as a good node. One way of 
mitigating the effect of this variation is to base our detection on an average RSS across n values (moving 
average), instead of basing our detection on a single RSS value. Before we tune the threshold, it is important to 
determine the real –world fluctuation in RSS. For this purpose, we conducted a test bed experiment using Sun 
SPOT.

IJIRSE/Mar.14/Vol.2 Issue3/42



(IJIRSE) International Journal of Innovative Research in Science & Engineering
ISSN (Online) 2347-3207

Fig. 3. Using robot, node movement with same in/out speed.

Fig.4. Using robot, node movement with different in/out speed.

We will tune our detection threshold based on the speed and variation of the RSS values. This 
threshold logically partitions the radio range into white and gray zones: greater (or equal) signal strength than 
the threshold means the signal is emanating from the white zone and from the gray zone otherwise. Let node B 
be approaching node A’s radio range with velocity s (m s−1), assuming that db is the boundary of A’s radio 
range (in meters), _t is the time (in seconds) between two packet transmissions and dv is the inaccuracy in
distance caused by v (in meters), where v is the variation in the RSS in the range of [−v, +v]. We assume for the 
sake of simplicity that just before the boundary, B transmits a packet which is not captured by A. 

Fig.5. False positives with various speeds and connections.
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So the next transmitted packet of B that A will capture as a first acknowledgment of B will become the worst 
case white zone, can be calculated as follows:

ZW = (db + dv) + (s × _t). (1)

The value of dv and s will be negative when node B is moving toward node A and positive otherwise. From 
Appendix we can know the value of db is approximately 10m and variance v at the boundary is 2.24 dbm which 
is the two standard deviation (SD), shown in Table V. Now in order to find out dv, we do the following 
computations The power received at any distance d is inversely proportional to the mth power of the distance 
[25], that is where Pd is the received power at distance d and in free space anzd in line-of-sight conditions, the 
path loss exponent m is 2.

IV. SIMULATION SETUP AND EVALUATION

In order to implement and evaluate our scheme, we use Network Simulator NS-2.30 using the 
parameters listed in Table II. The UB−THRESHOLD is the averaged RSS value (in Watts) of several scenarios 
when a transmitter is moving with 10 m/s speed; lower speeds thresholds will improve detection accuracy, as 
discussed in Section III-C. The TIME−THRESHOLD is the average (maximum) time in which a node should 
listen from another node, otherwise that identity will be considered as out of range or previous identity of a 
whitewasher. Shorter time intervals will increase identity revalidations in the network; whereas lengthy intervals 
will increase table sizes in network nodes. The LIST−SIZE is the maximum RSS records retained for an identity 
or address. We used 5 as an arbitrary number of records per identity; however, it can be increased depending 
upon the memory capacity of nodes. In this simulation study our aim is to establish the detection percentage of 
our proposed scheme in different scenarios. As we discussed above, there are some attributes of the network that 
are mainly responsible for affecting the accuracy of our Sybil attack detection scheme. These attributes are 
number network connections, node density and transmission rate. In each of our scenario we take speed as our 
main attribute.

All of the results we present here have been calculated as an average of 25 different random scenarios 
(or simulation runs). In the following subsections, we will discuss our metrics and will analyze our simulation 
results that are based on a
variety of node speeds, packet transmission rates, connections and node densities.
A. Metrics
We use two main metrics in order to determine the detection accuracy of our scheme in different environments, 
i.e., true positive rate (TPR) and false positive rate. True positive means a malicious node is correctly detected 
and false positive means a good or legitimate node is incorrectly detected as a malicious.

B. Analysis
As shown in figure data connections in the network are inversely proportional to the false positives of our 
scheme. For detection, movement sensing or the reception of frequent RSS values are important. In order to 
obtain RSS values from a node, that node should be involved in some form of communication, for example by 
acting as a source, forwarder, or destination. The more frequently a node sends or receives packets, the more 
efficiently a neighboring node will detect
it in the event that it tries to create its Sybil identity. Fewer connections in a network imply fewer source and 
destination nodes, and greater difficulty for a node to distinguish other nodes’ positions (i.e., their position as 
being either in a gray or white zone). Consequently a greater number of false positives will result. However, 
connections have no apparent effect on the true positives and for most of our experiments the true positives 
remained around the 90% level, as depicted 
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Fig. 6. Data distribution for 1-ft distance.

V. CONCLUSION
In this paper, we proposed an RSS-based detection mechanism to safeguard the network against Sybil 

attacks scheme worked on the MAC layer using the 802.11 protocol without the need for any extra hardware. 
We demonstrated through various experiments that a detection threshold exists for the distinction of legitimate 
new nodes and new malicious identities. We confirmed this distinction rationale through simulations and 
through the use of a real-world test bed of Sun SPOT sensors. We also showed the various factors affecting the 
detection accuracy, such as network connections, packet transmission rates, node density, and node speed. The 
simulation results showed that our scheme works better even in mobile environments and can detect both join-
and-leave and simultaneous Sybil attackers with a high degree of accuracy.
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Abstract—Various demands may oblige speedy data trade in Wireless Local Area Networks (WLANS) nowadays. An executor 
delineation is the EAST (Experimental Advanced Superconducting Tokamak) wander where physical science investigators need to 
transport huge examination data using the TCP (Transmission Control Protocol). In any case, the high debate level and the high 
disappointment rate in remote frameworks have an exceptional impact on the TCP execution. To alleviate this issue, this paper 
proposes a MAC layer obstructing control framework to oversee remote group adversity due to slips. Our framework is executed at the 
nearby remote centers subordinate upon the IEEE 802.11 DCF framework yet without any adjustment to the TCP layer. We first 
propose the prospect of the mac layer stopping up window in which the mac layer will send all the bundles in a window when it gets 
access to the remote channel. By then we allow our stopping up control framework to adjust its MAC obstructing window considering 
the clash degree and the cluster mishap rate at the mac layer. By performing remote blockage control at the mac layer, our framework 
can allay the effect of remote bunch hardship on TCP, and in this way improve the TCP execution. The diversion besides test 
conclusions exhibit that our instrument can achieve favored execution over the ordinary MAC layer segments in WLANS

Keywords- Distributed algorithm, IEEE 80211WLAN,MAClayer congestion control, TCP performance.

I. INTRODUCTION

IEEE 802.11 based WLANS (Wireless Local Area Networks) are getting to be progressively pervasive as of late on the 
grounds that numerous provisions can utilize them to enter Internet. For instance, the EAST (Experimental Advanced 
Superconducting Tokamak) office at the ASIPP (Ins), Hefei, China, utilizes a PC framework with high velocity systems to 
backing the material science research exercises in acquirin titute of Plasma Physics under the Chinese Academy of Science and 
investigating enormous measure of symptomatic information. As of late, more material science analysts are utilizing WLANS to 
help their exploration provisions because of their pervasive accommodation.Unfortunately, the analysts are not content with the 
throughput and postponement execution when exchanging gigantic mass information. This is on the grounds that the TCP 
(Transmission Control Protocol) at the transport layer accepts that every parcel misfortune is because of clogging and accordingly 
diminishes its blockage window at every event of bundle misfortune. In an environment of high misfortune because of high cycle 
blunder rate at the more level layers, the throughput and equitability execution might corrupt rapidly notwithstanding the dispute 
nature of WLANS transmission process. 

In this paper, we will mull over a clogging control technique at the MAC-layer (rather than the Transport Layer) to 
determination the throughput corruption issue in a high lapse the earth. Our strategy will alter the blockage window consistent 
with the MAC layer delay and the bundle misfortune rate. Since the MAC layer can get the remote channel status specifically, 
performing clogging control at the MAC layer could be more productive. In the interim, so as to be versatile, our component 
receives a conveyed calculation where each remote customer upholds its blockage window and performs the MAC layer clogging 
control, without the requirement to adjust any AP (Access Point) capacities. Our calculation intends to enhance the 
reasonableness and throughput execution for WLANS particularly for EAST information. 

The commitments of our paper upgraded blockage control at the MAC layer by taking the MAC layer parcel misfortune rate 
and deferral into attention. Through the configuration standards to be examined, our sub-optimal calculation can enhance the 
execution all the more rapidly. An appropriated operation that makes the calculation versatile to the system size; to our best 
information, we are the first to propose a blockage control calculation in the MAC layer and which can run in a conveyed way 
around all hubs. It is inviting to (good with) both the TCP and the IEEE 802.11 MAC conventions.

II. RELATED WORK

Various results have been proposed to manage TCP's poor throughput execution in WLANS. We order these methodologies 
into three classifications consistent with their convention layers: the TCP layer systems, the cross-layer strategy including the 
TCP layer and MAC layer, and the MAC layer strategies. 

The greater part of the components handles this issue just at the TCP layer. TCP Westwood is a finish to-end transport layer 
result that uses the ACK landing rate to gauge the transfer speed, and afterward sets a fitting blockage window as per the assessed 
data transmission after three double ACKs are accepted. In spite of the fact that this operation reduces the impact of remote drops 
and enhances the channel use, the principle inconvenience is the wavering in the estimation of the accessible transmission 
capacity. BIC-TCP embraces a parallel pursuit system to forcefully expand the clogging window when the distinction between the 
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present blockage window and the greatest window is extensive. Then again, it is challenging to gauge the most extreme permitted 
window (which is evolving ceaselessly). Quick TCP consolidates multiplicative increment if the cushion involved by the 
association at the bottleneck is far not exactly some predefined limit, and switch to direct build in the event that it is close. At that 
point, FAST tries to uphold the cradle inhabitance around and decreases sending rate if postponement is further expanded. 
Hypothetical dissection and investigations indicate that defer based methodologies are superior to unadulterated misfortune based 
methodologies in numerous execution measures, for example, accomplishing higher usage, less self-incited parcel misfortunes, 
speedier meeting pace, and additionally better RTT reasonableness and stabilization. Be that as it may, past work likewise 
uncovers that postpone based methodologies will most likely be unable to get a decent amount when they are contending with 
misfortune based methodologies like standard TCP.

A few instruments have received a cross-layer methodology to enhance TCP's execution. The MCP (Mobile-host-Centric 
Protocol) moves the control focus to the portable have, and joins together the MAC layer and TCP layer to gauge the remote 
channel status, (for example, dispute and touch blunder). It can modify the TCP layer clogging window dependent upon the 
channel states to enhance the exactness of blockage control. The ACK-delay instrument is an incorporated component which can 
defer the TCP ACKs at the MAC layer of an AP. This component can enhance channel usage and conform TCP's clogging 
window dependent upon the MAC layer blockage status. The above systems all arrangement with remote parcel misfortune 
through movements in the TCP layer yet it might be much better when we can deal with it specifically where it happens (the 
MAC layer).

There are various studies where just the MAC layer capacities are changed to enhance the channel use and to handle MAC 
layer clogging. The result in changes the conflict window and AIFS (Arbitration Inter Frame Spacing) to enhance equitability. 
The model in derives a hypothetical upper bound of the throughput, and gives a system to accomplish the upper bound by giving 
a dynamical clogging window change calculation. The result in conforms the conflict window dependent upon distinctive discord 
levels to enhance MAC layer execution. Be that as it may, their primary thought of lessening the dispute window size of a hub in 
awful situations really expands the impact likelihood. The MAC layer blockage by conforming the edge size. In light of diverse 
touch failure rates. The point when the spot slip rate is low, the parcel length will be expanded; overall, and the bundle length will 
be diminished. The thought is to land at an optimal parcel measure that is typically challenging to acquire. The MAC layer 
resolution clogging by expanding the remote asset through the utilization of different channels.

In our past work, we have proposed the MACC (MAC layer Congestion Control) convention which is a MAC layer blockage 
control component to manage remote bundle misfortune. On the other hand, this instrument is AP-driven (i.e., it is an 
incorporated calculation) and not adaptable in light of the fact that the AP need to administer the windows of every versatile 
stations and to perform the blockage control component. 

Figure 1 Network Model

To propose an appropriated MAC layer blockage control component, in which every remote customer can execute 
autonomously, while obliging no adjustment to the AP. By conforming its blockage window dependent upon the MAC layer 
bundle misfortune rate and postponement, the remote customers can bring about a significant improvement utilization of the 
remote channel, and hence moderate the effect of remote drops and enhance the execution

III. SYSTEM MODEL AND OPERATION

Figure 1 shows the general system setup utilized within the EAST office. After the server saves the exploratory information 
(transported through a spine) and the diagnose information (transported from remote stations), the researchers might utilize their 
laptops to acquire (download) these information through the APs (Access Points).For straightforwardness and demonstrating 
examination, one and only AP is indicated N researchers (remote customers). These clients can additionally transfer their handled 
information once more to the server through the opposite way.
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FTP (File Transportation Protocol) is the provision layer convention the researchers generally use to transport monstrous 
measure of information. FTP depends on TCP New Reno in the transport layer underneath to give a consistent association 
between the sender (e.g., server sending information) and the remote customer recipient. Further down the convention building
design, the IEEE 802.11[15] is the MAC (Medium Access Control) layer convention utilized within the WLAN that empowers 
one-jump correspondence with the AP or alternate remote customers.

In the MAC layer, the IEEE 802.11 WLAN utilizes an obligatory conflict based channel access capacity called the DCF 
(Distributed Coordination Function). The DCF receives the CSMA/CA (Carrier Sense Multiple Access with Collision Avoidance) 
process and utilization the twofold exponential backoff calculation for every crash. In DCF, all remote stations with the same 
conflict parameter qualities have an equivalent chance to gain entrance to the transmission medium. Over a sufficiently long 
interim, this outcomes in station-based reasonable access which is additionally alluded as MAC layer reasonable access. In any 
case, this system couldn't guarantee honesty, and it likewise lessens the channel usage for the accompanying explanations. 
In 802.11 DCF, before sending parcels, a hub need to screen the channel, and afterward trade RTS and CTS bundles with the 
collector. The parcels might be sent just if these methods are great. The transmission succeeds when the compared ACK is 
gained; overall, the sender need to fight the channel again with the dispute window multiplied. In the event that the channel
experiences a few issues, for example, high conflict or high touch failure rate, then the channel use is decreased because of 
retransmission. Note that the amount of contending stations likewise has an extraordinary impact on the channel usage of IEEE
802.11 MAC convention. There is additionally an equitability issue if the remote hubs are in diverse conditions in light of the fact 
that the hubs with a higher bit blunder rate might endure a higher parcel misfortune rate; they will be in the backoff state more 
frequently than those with an easier bit mistake rate. This expedites a bigger backoff window for the hubs in terrible conditions. 
So the hubs in better conditions can get more opportunities to gain entrance to the channel, bringing about the shamefulness issue 
in WLAN.

TCP uses four algorithms for congestion control: slow start, congestion avoidance, fast retransmission and fast recovery. Slow 
start allows fast detection and utilization of available network bandwidth by doubling its congestion window in one RTT (Round 
Trip Time) every time a data packet in a window is acknowledged. When the congestion window exceeds a threshold, congestion 
avoidance kicks in by increasing the congestion window by 1 after one RTT if there is no packet loss. It is used to slow the rate 
increase in order to avoid congestion that would deplete network buffers. Packet loss is assumed to happen when duplicated 
ACKs are received. Then TCP will halve its congestion window, and perform a fast retransmission. This is the Fast Recovery 
phase. If an ACK times out, it will reduce congestion window to 1 MSS and then perform a Slow Start. Note that the principal 
assumption of TCP is that every packet loss is due to congestion whose mechanism has been summarized above. Unfortunately, 
this is not true in wireless networks because the chance to lose packets due to packet errors has become high. This can cause 
performance degradation through windowing operation because TCP cannot distinguish packet loss due to congestion from loss 
due to packet errors. This is the subject of our congestion control algorithm proposed in the next section to combat these errors.

IV. THE DISTRIBUTED CONGESTION CONTROL ALGORITHM

In this paper, the main focus is to justify for the configuration of our appropriated MAC calculation, accompanied by an exact 
depiction. The check might originate from the execution assessment later. In the event that a sender is permitted to send all the 
parcels in a blockage window when it gets access to the remote channel, we can enhance the bundle triumph rate and the channel 
use. This is in light of the fact that hub necessities to perform one backoff just, which are autonomous of what number of bundles, 
are lost inside a window. This thusly would decrease the MAC layer holding up time, and the MAC layer queuing length, and in 
the end might alleviate system clogging. Since IEEE 802.11 utilization the DCF instrument condensed above, one can see that 
when the controversy level is low, there are less system assets needed to perform the backoff and screen operations. 
Consequently, if one can build the blockage window at the same conflict level, more throughputs could be accomplished by 
conferring the same measure of assets. The point when the controversy is direct not immersed, a few hubs might not have 
information to send now and again. Thus, it is better to screen and perform backoff systems as DCF component typically does. 

One can get an optimal decency and throughput execution if every hub can fight the channel dependent upon the discord level. 
The point when the system is immersed (i.e., when all hubs have information to send), DCF performs crudely in light of its lower 
great transmission rate and huge backoff time. In this circumstance, one can enhance the fruitful transmission rate by expanding 
the clogging window. Around distinctive administration restrains, a round-robin administration around all hubs gives off an 
impression of being an optimal decision to acquire both high throughput and honesty execution. From the basis examined above,
one can see that the new component ought to be made versatile to the system progressions to enhance its throughput and 
equitability. Hence, we propose the accompanying systems to relieve system clogging to attain an optimal result rapidly.
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A. The Algorithm

Since the IEEE 802.11 MAC sends one and only bundle after the RTS/CTS, we propose the accompanying improvements in 
place for a hub to send all bundles inside a clogging window. 

1) RTS/CTS operations: A hub is obliged to support the   clogging window of each one focus to focus association. To update the 
AP of the clogging window, a sending hub adjusts the NAV field in its RTS outline. In the event that the hub is a getting hub, 
it utilizes the CTS outline. The AP can then appropriate or send the parcels dependent upon the blockage window data it 
appropriates. 

2) Incorporation of the MAC layer defer: This might permit a close hub to alter its MAC layer blockage window dependent upon 
the MAC layer postpone notwithstanding its parcel misfortune rate. By overseeing the remote channel, a hub can see all the 
bundles not having a place with itself. It will record the MAC layer deferral of each of these parcels from the time a parcel is 
sent until the relating ACK is gained. In the event that the relating ACK is not accepted in a given time, that bundle is 
disregarded. The point when a hub needs to send its parcels, it will first figure the normal MAC deferral of all others bundles 
followed and also the normal postponement of its own bundles. At that point it utilizes the accompanying methodology to alter
its clogging window (M_cwnd) under two separate situations.

No Packet Loss

The point when there is no bundle misfortune, the blockage window is upgraded as per

_ +=(  _ )
_                (1)

where M-delayis the MAC layer delay, which is the normal postponements of all its bundles (from inside one window), and 
aver_delay is the normal postponement of all its neighbor hubs that a remote customer can listen. Here, deferral is measured from 
the time a bundle is sent until the time the comparing ACK is gained. Comparison (1) originates from the observation/rationale 
that when there is no bundles misfortune, the channel is most likely sit without moving. So one may as well send more bundles
without any additional backoff. Nonetheless, transmitting more bundles for one association may build the deferral and hence 
cause timeout in different associations. Subsequently, one may as well diminishing its clogging window at whatever point its 
MAC layer postponement drops once again to underneath the normal deferral. Then again, transmitting a window of bundles for 
one association may expand the deferral for others, particularly when the window is enormous. Subsequently, we pick a limit 

w=4 /3+4, past which the blockage window won't increase by 1 for a fruitful transmission yet just changes consistent with the 
deferral proportion. That is

_ +=(  _ )
_                   (1a)

On a Packet Loss

The point when a parcel misfortune happens, we will conform the following blockage window consistent with

M_cwnd = (1+p) * M_cwnd                     (2)

where p is the MAC layer bundle slip rate characterized to be the degree between the amount of Acks not appropriated and the 
aggregate number of information parcel conveyed in a window. 

Mathematical statement (2) hails from the thought that there will be p * M-cwnd    packet lost throughout a clogging window. 
These lost bundles must be retransmitted in addition to any new parcels in the new window. This will enhance the throughput and 
the equitability on the grounds that we can utilize a substantial window to enhance the impeded throughput execution for parcel 
lapse to achieve the normal system execution. The point when the retransmitted bundles are appropriated adequately in the first 
retransmission, we may as well uproot the interim augmentation added to the blockage window. This is to avert inadvertent 
interferences that may drop bundles. In the event that the channel is not debased constantly, it might not take long for the 
blockage window to recuperate the lost parcels and afterward return once again to its unique worth for typical operation

B. Discussion

Our component tries to manage remote parcel misfortune at the MAC layer which is not because of clogging, and in this 
manner might be outlandish to perform blockage control system as TCP does. Yet we can't overlook the bundle misfortune really
because of MAC layer retransmission either since the remote parcel failure will expand the MAC layer holding up time, which
will thusly irritate blockage.
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Note that no adjustment of the AP is needed, however this unpretentious improvement has made our instrument conveyed since it
can now be actualized effortlessly in every remote customer freely. The characteristic likewise makes our system component 
adaptable.

V. PERFOMANCE EVALUATIONS

We utilize Qualnet 3.7 recreation to look at the execution of our enhanced system with the default instrument (IEEE 802.11g) 
and MACC under different situations. The MACC is a calculation that likewise embraces a MAC layer clogging control strategy 
yet with an incorporated operation at the AP, and it just acknowledges MAC layer parcel lapse. To approve our new system 
further, we have additionally actualized the component and assessed its execution in the Red Hat9.0 Linux Operating System. The 
items, execution results also their dialogs are furnished in a later area. The accompanying are the meanings of the execution
measures used to assess our calculation:

1) End-to-end throughput: this is the measure of activity (measured in bundles) for every unit time. This is measured by the amount 
of parcels effectively appropriated at the recipient over the mimicked time. 

2) Average finish to end postponement: End to end deferral is the time interim between the time when one parcel was sent by the 
sender and the time when the parcels was accepted by the recipient. At that point the normal is gotten from just those parcels 
gained. 

3) Delay difference: The fluctuation is the desire of the square 
of the deviation of a closure to end delay from its group mean quality. 

4) Number of TCP timeouts: this number is measured at the TCP sender.
We utilize the system arrangement as a part of Fig. 1 where the wired line data transfer capacity is 100mbps, and the remote 
transfer speed is54mbps. A spread deferral of 45ms is utilized. We have acquired numerous recreation hurries to study the impact 
of distinctive parameters on different execution measures. The predominant 4subsections underneath are dependent upon 
reenactment and Section V-E is dependent upon a life-test. In our execution figures to be examined, "default", "MACC" and 
"enhanced" speak to the default IEEE 802.11g system, the MACC component, and our enhanced instrument, individually.

A. Effect of Contention Level

In this first aggregation of recreations, we shift the amount of remote hubs from 5 to 40. The hubs are circulated equitably 
around the AP, and have a consistent parcel slip rate of P=0.2.
Fig. 2 shows that the throughputs of all instruments are a diminishing capacity of the amount of hubs not surprisingly from the 
increment in controversy level. Whatsoever levels, our enhanced calculation is the best and the default is the most noticeably bad. 
Both our instrument and MACC can enhance the channel usage by changing the amount of bundles sent dependent upon the 
parcel misfortune rate and in this manner enhance the system throughput when contrasted with the default calculation. Be that as 
it may, it is fascinating to see that the MACC execution corrupts extraordinarily past N=25 hubs. 
This could be illustrated as accompanies.

With an expanding number of remote hubs, clogging sets in when the expansive measure of dispute causes more impact
and squanders the transmission capacity. What's more, the throughput execution diminishes on the grounds that more assets of a 
hub must be committed on the reckoning. 

Figure 2 Throughput examination with distinctive stream numbers
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Figure 3 Throughput correlation in diverse bundle lapse rate

Its throughput practically drops to the level of the default calculation. Because of the low reckoning unpredictability of our 
conveyed instrument, its execution is stable concerning an expanding number of remote hubs.

B. Effect of Bit Error Rate

In this second situation, we change the parcel lapse rate p from 0.01 to 0.1 while settling the amount of hubs at N=20 .The 
bundle mistake rate expands, the execution of the default system corrupts extraordinarily, while our component and MACC 
diminish only a smidge. This is on the grounds that these two components utilize a bigger blockage window, and thusly for every 
transmission, there will be a few parcels transmitted effectively. Since certain fruitful transmission level can now be administered, 
the channel use and additionally the generally arrange throughput might be enhanced in the vicinity of high bundle slip rate.
These two calculations are hence more powerful to bundle mistakes.

C. Similarity

Since we can't ensure that each remote hub receives our component, we might perceive how our improved instrument and the 
default system can coincide. We test it by running two reproductions to check their similarity. In the first recreation, each of the 
twelve hubs utilize the default system; and in the second, we let six remote hubs (Node Ids 1 to 6) utilize the default MAC layer 
component, while the other six (Node Ids 7 to 12) utilize our instrument. Fig. 4 shows that in the first recreation (the white section 
on the left under every Node ID), the total throughput is 10.3mbps, while in the second reproduction (the right segment), it is 13.1 
Mbps. We have likewise figured the honesty list (∑ )2/( n∑ )and throughput of hub i, the qualities of the two 
reproductions are 0.72 and 0.94.the effects indicate that not just the enhanced calculation has no effect to the default additionally 
has given some execution pick up. Furthermore, they have attained about the same throughput execution, proposing the 
calculation has an impact on reasonableness. As an alternate fascinating perception, different (Nodes Ids 1 to 6) not executing the 
enhanced calculation additionally profit by enhancing their throughput. Basically, our system could be perfect with the default 
MAC 802.11 component.

D. Effect of our Mechanism on TCP

By using the proposed idea it is deliberately compound the system environment by expanding the amount of hubs N=40 to in 
the first recreation, and by expanding the bundle lapse rate to P=0.1in the second reenactment while keeping N=40. The Table 
analyzes the normal defer and number of TCP timeouts. One can see that both MACC and our system can diminish the normal 
close to end defer by enhancing the MAC layer transmission proficiency at the expenditure of a bigger postponement difference. 
Nonetheless, since our instrument was planned with the thought of the effect of MAC layer defer on TCP execution, our 
calculation can change the MAC layer blockage limit, and subsequently enormously diminishing the amount of TCP timeouts.

E. CONCLUSION

In this paper, we have proposed another MAC layer blockage control instrument by altering the clogging window as per the 
parcel misfortune and MAC layer delay. By enhancing the channel use and expanding clogging window for feeble hubs, our 
instrument can enhance the throughput execution and decency execution essentially. Recreation and introductory examination 
outcomes indicate that our instrument can enhance the throughput and equitability execution of WLANs fundamentally.
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Abstract: - The performance of an engine whose basic design parameters are known can be predicted with the assistance of 
simulation programs. A thermodynamic model for the simulation of a single cylinder spark ignition engine running on Iso-octane 
fuel is presented. The simulation consists of compression, combustion and expansion processes. The model is based on the 
classical two-zone approach,  wherein parameters  like  heat  transfer  from  the cylinder,  blow-by  energy  loss  and  heat  
release  rate  are  also considered. The general fuel is specified by way of its C-H-O-N values. Curve-fit coefficients are then 
employed to simulate air and fuel data along with fuel-air composition and practical chemical equilibrium routines. The 
calculated data is then used to plot the various thermodynamic parameters with respect to crank angle. Simulation program is 
usable to set for varies compression ratios, engine speed, and engine sizes.

Key words: Spark Ignition (SI) engine, Simulation model, Thermodynamic Modeling of Engines.

I. INTRODUCTION

The thermodynamic simulation model of spark ignition (SI) engines are one of the most effective tools for 
the analysis of engine performance, parametric examinations and assistance to new developments. Researchers have 
been spending essential effort to improve the performance of SI engines and about internal combustion engines 
(ICE). Generally, engine simulations are practice in two ways, which are fluid dynamic based and thermodynamic 
based models. Thermodynamic cycle models are based on the thermodynamic analysis of the content of cylinder 
during the engine cycle. In these models, the first law of thermodynamics is applied to open system of air-fuel and 
residual gas mixture into the manifolds and cylinders and it is zero dimensioned. Therefore, the equations leading 
the model are made of basic differential equalities [4, 6, and 8].

The  present  trend  is  towards  the  development  of comprehensive 3-D models, which describes the 
functioning of  engines  at  a  very  high  level  of  detail  and  accuracy; however,  these  require  substantial  
computational  power. There  are  several  instances  where  theoretical  methods, which  are  based  on  a  limited  
set  of  experimental  data,  are preferred. From these considerations, the need for a simple, fast and accurate engine 
simulation model is quite evident. 

   Nomenclature
   

    A       area exposed to heat transfer (m2)
     b    bore of cylinder (m)

    pc     specific heat at constant pressure 

     C      blow-by coefficient (s-1) 

    E         total energy (kJ) 
     G    Standard-state Gibbs free 

energy   

    h       specific enthalpy (kJ. kg-1) 
     K      Equilibrium constant

    m       mass (kg)

     uN Nusselt number

    p      pressure (Pa)

     Q       heat transfer (kJ)

    r       compression ratio
          Gas constant IJIRSE/Mar.14/Vol.2 Issue3/53
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In this paper a two-zone, Zero-dimensional model was used to simulate the engine operations.  The  most  
important assumptions  were, a)  The  working  medium  was considered, in general, to be a mixture of 10 species 
(CO2, H2O, N2, O2,  CO, H2, H, O, OH, NO)  and fuel vapor. b) All 10 species were considered as ideal gases. And 
c) The fuel is limited to C-H-O-N species.  

II. THERMODYNAMIC MODEL

For the present study, a Zero-dimensional combustion model is employed. The combustion chamber is 
divided into two  zones  consisting  of  unburned  gas  (mixture  of  fuel,  air and  residuals)  and  burned  gas  
(mixture  of  10  product species),  each  under  uniform  composition.  This  model assumes  that  at  any  instant  of  
time  during  the  combustion, the  cylinder  volume  is  divided  into  burned  and  unburned zones by an 
infinitesimally thin flame-front with a spherical shape. The burned gases are assumed to be in chemical equilibrium 
during combustion. A Wiebe  function  specifies the  fuel  burn  rate  and controls  the  rate  at which mixtures from  
the  unburned  zone  is  converted  to  the  burned  zone. Mass and energy conservation relations and equations of 
state form the principle governing equations. Also considering crank angle as the independent variable, thus form 
the base of our thermodynamic model.

A. Mass and Energy Balance

The equation of state for an ideal gas is

PV = mRT       (1)

The  rate  of  change  of mass within  any open  system  is  the net  flux of mass across  the system 
boundaries. Hence for a control volume enclosing the air-fuel mixture, we have  
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The first law of thermodynamics to an open system yields the energy equation as
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B. Air and Combustion Products Data

Colin R. Ferguson and Kirkpatrick [4] proposed the following expressions that were curve-fitted to 
polynomials by minimizing the least squares error. The function will employ for any given species is
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where  pc is  the  specific  heat  at  constant  pressure,  h   is  the specific enthalpy and s is the specific entropy.  

The coefficients 1a to 7a are calculated over two different temperature ranges:  1) 300 <T< 1000 K; and 

2) 1000 <T< 5000 K and can be sourced from [6, 8].

The most  combustion models  are  based  on  the  assumption that  the burned  mixture  is  in  equilibrium  
[6].  The following are species of interest during combustion:  CO2, H2O, N2, O2, CO, H2, H, O, OH and NO [4].  

C. Fuel Data

Heywood [6] has represented the thermodynamic properties of fuels (in vapor phase).
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The  following  relation  is  proposed  for  deriving  the properties  like  specific  heats  and  enthalpies  for  
various species, with ξ referring  to  the  property  and  x   is  the  burnt mass fraction.
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D. Equivalence Ratio

When modeling with a single fuel, the equivalence ratio is given by [4]
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where subscript Act. refers to actual and St. refers to stoichiometric.

E. Practical Chemical Equilibrium

Under  the  assumption  of  atmospheric  air  composition (21%v Oxygen and 79%v Nitrogen), and 
provided    < 3, the only  species  that  are  important  because  of  dissociation  are O,  H,  OH,  and  NO  [4].  The 

combustion reaction thus becomes

 22 79.021.0 NONOHC   COxOxNxOHxCOx 524232221       
)14( NOxOHxOxHxHx 1098726 

where  1x to 10x represents mole fractions of the products.
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The atom balance for the various elements gives
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where i
i

xN
10

1
   is the total number of moles. The constraint that the mole fraction of all the products adds up to 

unity requires that
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To  solve  for  the  unknowns,  we  need  equations  that  are provided by  the criteria of equilibrium among  
the products, which are expressed by the following hypothetical relations
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The equilibrium constant K, for the above are determined from the Gibbs free energy as
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where ΔG is the standard-state Gibbs free energy. The values of the equilibrium constants can be obtained from [4, 
18]
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F. Thermal Properties

We  consider  the  unburned  and  burnt  mixture  zones  as separate  open  systems. Therefore, the specific 
internal energy, u and specific volume, v is expressed as

  ub uxxu
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U
u  1

                         
)27(
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)28(

subscripts b and u refers to burnt gas and unburned gas respectively.

Assuming that the pressures of burnt and unburned gases are equal, bv and uv are functions of Tb, Tu

and p . Hence
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Substituting the logarithmic derivatives into the Eq. (29) and Eq. (30) yields
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Similarly,  the  internal  energies  of both  the  burnt  and unburned  gases,  under  the  same  pressure  condition  
and including the logarithmic derivatives can be written as
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G. Mass in Control Volume

The mass at any angle is 

 




  

 1
1 exp Cmm

                         
)35(

where C is the blow-by constant. The initial mass 1m at θ = θ1 (start of compression) is specified from knowledge of 

the volumetric efficiency and residual fraction. 
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The volume of the cylinder at any crank angle instant is given by [4]
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cV is clearance volume, r is the compression ratio and

dnnectingrolengthofco

stroke

*2


H. Fuel Burning Rate Model

The Wiebe function represents the mass fraction burned, bx versus crank angle and defined as [6]

 


















 


n

d

s
b ax




 exp1

                

)37(

where θ = crank angle, θs = start of heat release, θd = duration of heat release, n = Wiebe form factor and a = Wiebe 
efficiency factor. The parameters a and n are adjustable parameters used to fit experimental data. The present 
simulation uses a =5 and n =3, these values have been reported in [6].

I. Heat Transfer Model

Heat transfer into the system is expressed in terms of heat loss from the burned and unburned gas 
respectively.
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To express the heat loss in terms of temperature requires the introduction of a heat transfer coefficient h ,
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)40(

where Ab and Au are the areas of burned and unburned gas in contact with the cylinder walls at temperature Tw. We 
have the following relations to calculate the areas of Ab and Au
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The fraction of cylinder area contacted by burned gas is assumed to be proportional to the square root of the 
mass fraction burned to reflect the fact, because of the density difference between burned and unburned gas, the 
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burned gas occupies a larger volume fraction of the cylinder than the unburned gas. We assumed that uh = bh = h
= constant in this paper.

This simulation model has the convenience to adapt the heat transfer correlation proposed by Woschni [7].

J. Blow-by Energy Loss

Enthalpy loss due to blow-by is expressed as [4]

  bul hxhxh 221 
                            

)43(

Early in the combustion process, unburned gas leaks past the rings. Late in the combustion process, burned 
gas leaks past in the rings. The above indicates that more leaking is due to the unburned gas compared with the burnt 
gas in the early stage of combustion.

K. Principle Governing Equations

Differentiating (28) with respect to crank angle and incorporating (31) and (32), we have
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Expressing the heat loss of burnt and unburned gases as a function of the rate of change of specific entropy 
gives
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Expressing the heat loss of burnt and unburned gases as a function of the rate of change of specific entropy 
by combining (39)-(42) and (45)-(48)
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Differentiating Equations (36) and (37) and incorporating with Equations (4), (27), (28), (31)-(34) and (38)-
(43) into Equation (5), we have the following relations [4]
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Equations (54)-(58) are functions of θ, p , Tb and Tu respectively.

III. RESULTS

The results obtained from the thermodynamic simulation model are presented. We simulate Pressure, 
Temperature, Work, Heat Transfer and Heat flux for a single cylinder; four stroke SI engine running on Isooctane 
(C8H18). We have assumed a bore of 0.1m, stroke of 0.15m. The engine is assumed to operate at 2000 rpm, with an 
equivalence ratio of 0.8.

IJIRSE/Mar.14/Vol.2 Issue3/60



(IJIRSE) International Journal of Innovative Research in Science & Engineering 
ISSN (Online) 2347-3207

Figure 1: Pressure v/s Crank Angle

Figure 2: Temperature v/s Crank Angle

Figure 3: Work v/s Crank Angle

Figure 4: Heat Transfer v/s Crank Angle
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Figure 5: Heat Flux v/s Crank Angle

IV. CONCLUSION

A thermodynamic simulation model has been developed to simulate a single cylinder 4-stroke cycle of a 
spark ignition engine fuelled with Isooctane. The program written from this simulation model can be used to assist 
in the design of a spark ignition engine for alternative fuels as well. The results obtained can be used as a first-
degree approximation and is useful in numerous engineering applications including general design predictions.
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Abstract— As the use of the web pages are increasing nowadays to a huge amount, some of the data that 
are present in the web pages can be characterized so that the work of the programmer is reduced. Many
web applications use a mixture of HTML and scripting language code as the front-end to business 
services, where scripts can run on both the client and server side. Thus code duplication occurs frequently 
during the development and evolution of web applications. This ad-hoc but pathological form of reuse 
consists in copying, and eventually modifying, a block of existing code that implements a piece of required 
functionality. Duplicated blocks are named clones and the act of copying, including slight modifications, 
is called cloning. When entire functions are copied rather than fragments, duplicated functions are called 
function clones. In this paper we propose a model that identifies all the function clones that are present in 
the web pages.

                                                          I. INTRODUCTION

           Code duplication occurs frequently during the development and evolution of large software systems. This 
ad-hoc form of reuse consists in copying, and eventually modifying, a block of existing code that implements a 
piece of required functionality. Duplicated blocks are named clones and the act of copying, including slight 
modifications, is called cloning. When entire functions are copied rather than fragments, duplicated functions 
are called function clones.A code fragment that has identical or similar code fragment(s) to it in the source 
code,in general, terms as code clone. A copied fragment can be used with or without minor modifications in a 
system by the developer. If there is no modifications or the modifications are within a certain level in the copied 
fragment then the original and copied fragments are called code clones and they form a clone pair as shown in 
fig1.1

Metrics-based techniques  are related to hashing algorithms For each fragment of a program the values of a 
number of metrics is calculated, which are subsequently used to find similar fragments.

 Clone Pair: 
A pair of code portions/fragments is called a clone pair if there exists a clone-relation between them, i.e., a clone 
pair is a pair of code portions/fragments which are identical or similar to each other.

 Clone Class:
         A clone class is the maximal set of code portions/fragments in which any two of the code 
portions/fragments hold a clone-relation, i.e., form a clone pair.

 Clone Class Family: 
         The group of all clone classes that have the same domain is called a clone class family . Such a clone class 
family is also termed super clone.

IJIRSE/Mar.14/Vol.2 Issue3/64



(IJIRSE) International Journal of Innovative Research in Science & Engineering 
ISSN (Online) 2347-3207

FRAGMENT 1                 FRAGMENT 2       FRAGMENT 3

for(int i=1;i<n;i++) 
{
        sum= sum+i;
}

for(int i=1;i<n;i++)
{
      sum= sum + i;
}

………..

If (sum <0) {
     sum = n – sum;
}

If (sum <0) {
    sum = n – sum;
}

If (result <0) {
  result = m – result;
}

………..
while (sum < n ){
  Sum = n / sum;
}

while (result < m ){
  Sum = n / sum;
}

Fig: 1.1 Clone Pair and Clone Class

A. Different Types Of Clones

          The cloning is performed based on to main constraints which is the textual similarity and the functional 
similarity.

 Type I Clones:
          In Type I clones, a copied code fragment is the same as the original. However, there might be some 
variations in whitespace (blanks, new line(s), tabs etc.), comments and/or layouts. Type I is widely known as 
Exact clones. 

 Type II Clones:
            A Type II clone is a code fragment that is the same as the original except for some possible variations 
about the corresponding names of user-defined identifiers (name of variables, constants, class, methods and so 
on), types, layout and comments. The reserved words and the sentence structures are essentially the same as the 
original one. We see that the two code segments change a lot in their shape, variable names and value 
assignments. However, the syntactic structure is still similar in both segments.

 Type III Clones:
             In Type III clones, the copied fragment is further modified with statement(s) changed, added and/or 

deleted. This copied fragments with one statement inserted is called Type III code clone of the original with a 
gap of one statement inserted.

 Type IV Clones:
            Type IV clones are the results of semantic similarity between two or more code fragments. In this type 
of clones, the cloned fragment is not necessarily copied from the original. Two code fragments may be 
developed by two different programmers to implement the same kind of logic making the code fragments 
similar in their functionality. Functional similarity reflects the degree to which the components act alike, i.e., 
captures similar functional properties and similarity assessment methods rely on matching of pre/post-
conditions.

II. RELATED WORK

             In the existing system we use a tool called as the dup tool. The Dup tool[5] uses a line-by-line 
parameterized match to identify code portions that differ in semantic substitution of variable and constant 
names. This tool do not easily scale up because it is expensive. A string matching algorithm is also applied by 
the Duploc tool[4]. It offers a clickable matrix display that allows users to visually inspect the source code that 
produced the match. Like our semi automated approach, automatic clone detection and visual exploration of 
code are combined to guide refactoring. Here a viewing tool is presented that identifies exact repetitions of text 
using fingerprints, which are short strings used in place of larger data objects for more efficient comparisons. Sif
is based on the same approach. CCFinder concatenates the tokens of a single file into a single token sequence, 
skipping whitespaces and applying transformation rules, such as replacement of variables with special tokens. 
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From all the substrings in the transformed token sequence, equivalent pairs are detected as clone pairs. Since 
this tool uses line by line parameterized match, this tool does not easily scale up because this is expensive.

III. PROPOSED SYSTEM

             Our aim is to create a tool in JAVA which is used to find the potential function clones in HTML pages. 
The main aim is to identify all the various types of clones. Recently, clone identification has been proposed for 
static web documents, written in HTML. However, modern web applications are a mixture of HTML and 
scripting language code, where scripts can run as event handlers on the client-side or perform HTTP processing 
on the server-side. Scripts come embedded in client pages, i.e., documents available to browsers, as the content 
of the script HTML element, or they are retrieved from include files(containing pure scripting code with no 
HTML) using the src attribute (of the script HTML element) in every client page that needs them. The vast 
majority of client scripts are written with JavaScript. On the server side, the enabling technologies are more 
varied depending more on the vendors than on standards. A major approach to server-side processing of HTTP 
requests is using server pages, i.e., documents containing HTML annotated with server-side interpreted scripts. 
Many scripting languages are supported and representative examples are Java Server Pages (JSP), Microsoft’s
Active Server Pages (ASP), and PHP. The main advantages of this system is that it can detect the function 
clones which is present in the web pages with the help of the java script.

Our approach uses as input the report of potential cloned functions as a guide to the visual inspection of 
code. The goal of this stage is to check whether homonym script functions can be actually considered clones, 
and to identify the opportunities of refactoring

The first level, Identical, holds when the two functions are exactly equal, because no changes have been 
applied after the copy. This is the simplest occurrence of function cloning: it does not matter which of the copies 
will be taken off to eliminate duplication. 

        The second level, Nearly-identical, occurs when the two functions differ for modifications which have no 
effect on output or application state.

Analogously to the first level, any of the cloned functions can be removed during refactoring, but you need 
to choose which copy will be discarded. Changes to indentation, comments, and blank lines surely fall in this 
class.

The third level, Similar, takes place when two script functions have common characteristics, such as same 
code structure and same expressions, but refactoring will require changes to unify the functions. This may 
happen when the two function clones have different output statements or work on different inputs.

The fourth level, Distinct, occurs when two script functions, albeit homonym, differ so much in what they 
do (and then in how they do it) that any refactoring for eliminating duplication would not make sense. 

IV.DESIGN OF ARCHITECTURE

The architecture consists of four modules as  shown in fig 1.2 are:

1. Transformation
2. Clone Detection
3. Clone Extraction
4. Clone Documentation
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Fig:1.2 PROPOSAL MODULES

1. Transformation

         The comparison units of the source code are transformed to another intermediate internal representation 
for ease of comparison or for extracting comparable properties. This transformation is just removing the 
whitespace and comments  to very complex representation and/or extensive source code transformations.

 Pretty printing of source code: 
Pretty printing is a simple way of reorganizing the source code to a standard form. By applying pretty 

printing, source code of different layouts can be transformed to a common standard form. Pretty printing is 
normally used by the text-based clone detection approaches to avoid the false positives that occur due to the 
different layouts of the similar code segments. Cordy et al. use an extractor to generate separate pretty-printed 
text file for each of the potential clones obtained using an island grammar.

 Removal of comments: 
Most of the approaches   ignore/remove comments from the source code before performing the actual 

comparison. Marcus & Maletic search for similarities of concepts extracted from comments and source code 
elements. Mayrand et al., on the other hand, use metrics to measure the amount of comments and use that metric 
as a measuring metrics to find clones.

 Removal of whitespace: 
Almost all the approaches (except line-based approaches) disregard whitespace. Line-based approaches 

remove all whitespace except line breaks. Davey et al use the indentation pattern of pretty printed source text as 
one of the features for their attribute vector. Mayrand et al. use layout metrics like number of non-blank lines.

 Transformation of program elements: 
In addition to identifier normalizations, several other transformation rules may be applied to the source code 

elements. In this way, different variants of the same syntactic element may treat as similar to find clones.

2. Clone Detection
The transformed code is next input to a suitable comparison algorithm where transformed comparison 

units are compared to each other to find a match. Using the order of the comparison units, adjacent similar units 
are summed up to form larger units. For fixed granularity clones, all the comparison units that belong to a source 
unit are aggregated. For free granularity clones, on the other hand, aggregation is continued as long as the 
aggregated sum is above a given threshold for the number of aggregated comparison units. This makes sure that 
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the aggregation is continued until the largest possible group of comparison units is found. The output is a list of 
matches with respect to the transformed code. These matches are either already in the clone pair candidates or 
have to aggregate to form clone pair candidates. Each clone pair is normally represented with the location 
information of the matched fragments in the transformed code.

3. Clone Extraction

In this phase, false positive clones are filtered out with manual analysis and/or a visualization tool.

 Manual Analysis 
After extracting the original source code, raw code of the clones of the clone pairs are subject to the manual 

analysis. In this phase, false positive clones are filtered out.

 Visualization 
The obtained clone pair list can be used to visualize the clones with a visualization tool. A visualization tool 

can speed up the process of manual analysis for removing false positives or other associated analysis.

4. Clone Documentation

         After the clones are being detected and are extracted, then finally the clones that are extracted are 
identified and all the clones are documented  according to their respective types for the further purpose.

                                                                                                  V. CONCLUSION

            The model proposed here outlines an algorithm capable of detecting all four clone types. By this 
identification the line of code of the program is being reduced which reduces the complexity for the 
programmer. Here we present a semi automated approach for identifying function clones embedded in HTML 
scripting of web applications. A list of potential cloned script functions is automatically produced by a tool, 
while classification of suspect clones is performed through visual inspection of source code. We took the chance 
to remove function clones in the web application for which there were more duplicates. However, that we found 
a high number of function clones does not mean that we were able to identify most of code duplication. In fact, 
our approach looks for clones at the function level but it does not detect duplicated code at lower granularity 
levels. Our approach might be refined, by developing specific redesign patterns for web applications to provide 
a guide to duplication removal. The automatic selection of potential clones could also be extended to other web 
enabling technologies, such as Java Server Pages or PHP.
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Abstract—The present study mainly focuses on the effect of surface modified nano calcium carbonate
(CaCO3) as filler and linseed oil as extender on the cure, mechanical and thermal properties of acrylonitrile
butadiene rubber (NBR) nanocomposites. The surface modification of nano CaCO3 is confirmed using
Fourier transform infrared (FTIR) spectra. Only surface modified nano CaCO3 is able to give little
enhancement in the cure and mechanical properties of NBR nanocomposites in comparison to unmodified
nano CaCO3. But the incorporation of surface modified nano CaCO3 along with linseed oil as an extender
provides greater amount of enhancement in cure, mechanical and properties of NBR nanocomposites in
comparison to unmodified nano CaCO3 at same phr (Parts per hundred parts of rubber) level. The incredible
improvement in the properties of NBR nanocomposites is the part of great interest for rubber researcher
regarding the application of surface modified nano CaCO3 as filler along with linseed oil as extender for NBR
nanocomposites.

Keywords-Surface modification, linseed oil, cure characteristics, mechanical properties.

I. INTRODUCTION

In practical application, rubbers are mostly applied with reinforcing fillers not only enhanced mechanical
properties of rubber but also reducing the cost of the final product in industry, which is commercially interesting.
Among the different types of filler, Carbon black (CB) is most widely used and the oldest filler in rubber materials.
Since, the source of CB is petroleum, the preparation and processing of CB is hazardous. Carbon black not only
causes pollution but also imparts black coloration in the rubber materials. Thus, the use of nano CaCO3 as filler is an
interesting way to substitute carbon black in rubber compounding [1-5]. Nano CaCO3 is also important from
environment point of view due to its low level of toxicity and less polluting nature [6].

Among the various types of rubber, the excellent oil and fuel resistance properties of NBR are utilized in
many industry such as belts, hoses, O rings etc. Homogeneous dispersion of nano CaCO3 within the rubber matrix is
mandatory to achieve proper enhancement in NBR nanocomposites. Now, due to its hydrophilic nature a problem
arises in the uniform dispersion of nano CaCO3 within the rubber matrix [5]. Thus, surface modification of nano
CaCO3 by hydrophobic species is necessary for the wide use of nano CaCO3 as filler in rubber industry. In this
respect, application of stearic acid as surface modifier for nano CaCO3 is an interesting way [4].

To accomplish far better dispersion of nano CaCO3 within the rubber matrix linseed oil has been used as
extender for styrene-butadiene rubber (SBR), natural rubber (NR) [1, 7]. Linseed oil is an important extender for
rubber industry due to higher linoleic concentration [1]. With our best knowledge till now no vast study has been
reported regarding the application of surface modified nano CaCO3 as filler in combination with linseed oil as
extender on the properties of NBR. The present work aims to examine the effect of surface modified nano CaCO3

and linseed oil on the cure, mechanical and thermal properties of NBR nanocomposites.
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II. EXPERIMENTAL SETUP

A. Materials and physical measurements

Acrylonitrile butadiene rubber (NBR KNB 35L) is supplied by Shilton Rubber Industries, Liluah. Zinc
oxide (Merck), stearic acid (Loba Chemie, India), sulfur (Loba Chemie, India), tetra benzyl thiuram disulfide
(TBzTD) (Apollo tyre, Ltd. India), calcium chloride (Merck), poly(ethylene glycol) (PEG; molecular weight 6000),
potassium bicarbonate (Merck) and toluene (Merck) are used as received. Nano CaCO3 is synthesized using the
procedure given by Mishra et al. [1].

X-ray diffraction (XRD) pattern of nano CaCO3 is recorded on a Xpertpro-Panalytical X-ray
diffractometer. FTIR spectra (νmax in cm–1) of surface modified nano CaCO3 are recorded on a Perkin-Elmer L 120-
000A spectrometer (νmax in cm-1) on KBr disks. The cure characteristics of the different stocks are obtained using the
Monsanto Rheometer R-100 at 3 degree arc for 160 oC. The stocks are cured under pressure at 160 oC for optimum
cure time (t90), keeping vulcanizates for 24 hrs at ambient temperature before measuring the modulus at 100% (M100)
elongation, tensile strength (T.S.) and elongation at break (E.B. in %) according to ASTM D 412-51 T using
dumbbell shaped test pieces in an Amsler (Sweden) tensile tester. Hardness (shore A) of the vulcanizates is
measured by a Hirosima Hardness Tester as per ASTM D 1415-56T. Thermogravimetric analysis (TGA) is carried
out in order to study the thermal behavior of NBR vulcanizates. TGA scans are performed using a TA instrument (Q
5000) under nitrogen flow from 20 oC to 800 oC with a heating rate of 10 oC/min.

B. Synthesis of CaCO3 nanoparticles

Nano CaCO3 is synthesized by a procedure given by Mishra et al. [1]. At first, 110 g of calcium chloride is
dissolved in 100 ml of distilled water. Then, 248 g of PEG is dissolved in 100 ml of water under mildly heated
condition. A complex is then prepared by the mixing of calcium chloride and PEG in a molar ratio 1: 32. A solution
of K2CO3 is prepared by dissolving 106 ml of K2CO3 in 100 ml of distilled water. Then, the solution of K2CO3 is
added to the previously prepared complex and the mixture is digested for 12 hrs. The resulting precipitate is filtered,
washed with water and dried in a vacuum oven to obtain nano CaCO3 nanoparticles [1].

C. Preparation of NBR composites

NBR is masticated in a two-roll mixing mill, and then Zinc oxide (ZnO) and stearic acid are added
and again masticated. After that accelerator and sulfur are incorporated to the rubber matrix and the mixing is done
near about for 10 minutes. At last different types of filler with and without linseed oil are added and the mixing done
for sufficient time. Mixing composition of different ingredients is presented in Table 1.

III. RESULTS AND DISCUSSION

A. Nanoparticle characterization using X-Ray Diffraction (XRD) analysis

The XRD pattern of synthesized nano CaCO3 is recorded in Figure 1. The detected XRD pattern is found to
be similar with the earlier report [1]. The nano size of CaCO3 particle is confirmed from XRD pattern using well
known Scherrer equation [1, 7]. The Scherrer equation is given as:

d (Å) = K λ/(B cos θ)

Here, d is the particle size, K is a constant nearly about to unity, λ is 1.542, B is the integral half-width, and θ is the
diffraction angle. The particle size for the synthesized nano CaCO3 is found to be 40 ± 5 nm.

B. Evaluation of surface modification using FTIR analysis

The FTIR spectrum of stearic acid modified CaCO3 nanoparticles is shown in Figure 2. The peak nearly
1680 cm-1 is due to the appearance of carboxylic salt and thus, this peak clearly indicates stearic acid is present on
the surface of CaCO3 nanoparticles via an ionic bond [5]. The peaks nearly at 2916 cm-1 and 2850 cm-1 characterize
C-H stretching frequency [5]. The peaks nearly at 875 cm-1 and 711 cm-1 characterize the presence of long alkyl
chain on the surface of nano CaCO3 [5].
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C. Cure characteristics of NBR vulcanizates

Cure parameters of NBR vulcanizates in presence of unmodified nano CaCO3, surface modified nano
CaCO3 with and without linseed oil are calculated at 160 oC and the results are presented in Table 2. The highest
value of maximum rheometric torque (R∞) is obtained in mix no 6 containing 4 phr surface modified nano CaCO3 as
filler along with linseed oil. The result indicates maximum level of interaction of rubber chain with nano filler
occurs in mix no 6 due to the plasticizing effect of linseed oil [7].

The cure enhancement of NBR vulcanizates in presence of linseed oil becomes clear from the value of cure
rate index (CRI). At the same level of filler loading, the value of CRI remains unchanged for NBR vulcanizates
containing unmodified and surface modified nano CaCO3. But the presence of linseed oil along with surface
modified nano CaCO3 successfully increases the value of CRI of NBR vulcanizate. This is mainly due to the
homogeneous dispersion of nano CaCO3 within the rubber matrix in presence of linseed oil.

Thus, for NBR nanocomposites surface modified nano CaCO3 with linseed oil causes much greater cure
enhancement in comparison to surface modified nano CaCO3 without linseed oil.

Table 1: The formulation of studied vulcanizates in parts per hundred parts of rubber (phr)
Ingredients Mix No

1 2 3 4 5 6

NBR 100 100 100 100 100 100

ZnO 5 5 5 5 5 5

Stearic acid 2 2 2 2 2 2

TBzTD 4.896 4.896 4.896 4.896 4.896 4.896

Sulfur 0.5 0.5 0.5 0.5 0.5 0.5

Unmodified nano CaCO3 0 2 4 6 -

Surface modified nano CaCO3 - - - - 4 4

Linseed oil - - - - - 2

Table 2: Cure characteristics of NBR vulcanizates at 160 oC in presence of unmodified and surface modified nano
CaCO3

Mix
No

Maximum rheometric
torque, R∞ (dNm)

Optimum cure time,
t90 (min)

Scorch time,
t2 (min)

Cure rate index, CRI= 100/(t90-t2)
(min-1)

1 29 10 3 14.28

2 30 10 3.25 14.81

3 32.5 9.5 3.5 16.66

4 29.5 9.5 3.25 16

5 33 9.5 3.5 16.66

6 35 9 3.25 17.39
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Fig 1. XRD pattern of nano CaCO3

Fig 2. FTIR spectrum of stearic acid modified nano CaCO3
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D. Mechanical properties of NBR vulcanizates

The mechanical properties of various NBR vulcanizates (mix no 1-6) are also studied and shown in Table
3. For NBR vulcanizates, with increasing the amount of unmodified nano CaCO3, the modulus value at 100%
elongation (M100) increases upto 4 phr filler loading. Above 4 phr filler loading, M100 value decreases due to
agglomeration of filler particles [1, 7]. On the other hand, surface modified nano CaCO3 shows an enhancement in
the M100 value of NBR nanocomposite in comparison to unmodified nano CaCO3. Further large enhancement in the
M100 value is observed when surface modified nano CaCO3 is used as filler in combination with linseed oil as
extender. This is described by the better dispersion of nano filler within the rubber matrix in presence of linseed oil,
which results greater interfacial interaction between nano fillers and rubber chain [7].

Like M100 value, the value of tensile strength also increases upto 4 phr filler loading. The variation of
tensile strength of NBR vulcanizates containing different types of filler are shown in Figure 3. The presence of
linseed oil plays a vital role on the improvement of tensile strength of NBR vulcanizates and 4 phr surface modified
nano CaCO3 along with linseed oil shows an increment by 18.30% in the value of tensile strength in comparison to 4
phr unmodified nano CaCO3. The variation of elongation at break is analogous with tensile strength.

E. Swelling studies

The swelling indexes of mix no 3 (containing 4 phr unmodified nano CaCO3), mix no 5 (containing 4 phr
modified nano CaCO3) and mix no 6 (containing 4 phr modified nano CaCO3 with linseed oil) are represented in
Table 4. The value of swelling index is lower for mix no 6 in comparison to other two mixes. Thus, from the values
of swelling index it is clear that uniform dispersion of surface modified nano CaCO3 occurs within the rubber matrix
in presence of linseed oil and it results in greater amount of crosslinking of rubber for mix no 6 [1].

Table 3: Mechanical properties of NBR vulcanizates cured at 160 oC
Mix No M100 (MPa) T.S. (MPa) E.B. (%) Hardness (shore A)

1 0.956 1.861 440 56

2 1.018 2.252 450 57

3 1.058 2.617 550 58

4 1.047 2.442 500 58

5 1.074 2.890 550 58

6 1.122 3.097 600 58

Table 4: Variation in swelling index and thermal properties of NBR vulcanizates
Mix No Swelling index (Q) Ti (

oC) Tmax (oC)

3 2.42 397 442

5 2.27 398 442

6 2.14 405 444
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F. Thermal properties of NBR vulcanizates

Thermogravimetric analysis (TGA) and differential thermogravimetric analysis (DTA) curves of NBR
vulcanizates (mix no 3, 5, 6) are shown in figures 4a and 4b. TGA study indicates rapid degradation region shifted
towards little higher temperature for mix no 6 (containing linseed oil as extender) than other two mixes. However,
only surface modified nano CaCO3 without linseed oil is not able to enhance the thermal stability of NBR
vulcanizate in comparison to unmodified nano CaCO3.

The little thermal enhancement of mix no 6 over other two mixes (mix no 3 and 5) is confirmed from DTA
analysis. The onset decomposition temperature (Ti) and the temperature at which the rate of decomposition is
maximum (Tmax) are calculated from DTA curve and represented in Table 4. Although Tmax values are almost same
for three mixes (mix no 3, 5, 6), but the Ti value of mix no 6 shifted towards higher temperature in comparison to
mix no 3 and 5. This data clearly reveals the greater thermal stability of NBR nanocomposite containing modified
nano CaCO3 as filler along with linseed oil as extender in comparison to NBR nanocomposite containing only
modified nano CaCO3 or unmodified nano CaCO3 as filler.

Fig 3. Variation of tensile strength of NBR nanocomposites

Fig 4a. TGA analysis of NBR vulcanizates Fig 4b. DTA curve of NBR vulcanizates
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IV. CONCLUSION

The present study describes the importance of linseed oil as extender for better filler dispersion in NBR
nanocomposites. Only surface modified nano CaCO3 provides a little enhancement in the cure and mechanical
properties of NBR nanocomposites in comparison to unmodified nano CaCO3. Furthermore, the presence of linseed
oil along with surface modified nano CaCO3 results an extraordinary improvement in the cure and mechanical
properties of NBR nanocomposites. Only surface modified nano CaCO3 is not able to enhance thermal stability of
NBR nanocomposites, although the use of linseed oil along with surface modified filler produces little thermal
stability in NBR nanocomposites. Thus, the application of nano CaCO3 in combination with linseed oil will be an
important approach for the industrial use of NBR nanocomposites.
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Abstract—Gas turbine blade are designed to operate at high temperature which just below material

melting temperature. It always undergoes high temperature and pressures which creates stresses in the

gas turbine blade material. Due to this gas turbine mostly fails before its specified time period. It also

tends to damage stators in turbine engine. The working environment of gas turbine blade is very hot,

aggressive and harsh for blade material. But blade metallurgy and coating always saves the blade

material for long period of time. It is observed that gas turbine blade fails due to hot flowing fluid over its

profile. Means flowing fluid makes impact on blade working life period and ultimately of course on

rotation of blades. The actual flow of hot fluid in gas turbine blade decides the impact in blade. By

simulating actual flow of hot fluid on blade can give more information about that environment and we

can understand the working phenomenon. If we capable to understand the flow of hot fluid in gas turbine

then we can understand root causes of gas turbine blade failure.

In this paper we are simulating actual working condition of gas turbine blade by using CFD tool. Further

nature of hot fluid flow and its effect on gas turbine blades are discussed. The various parameters are

included for exact simulation of fluid flow.

Keywords: CFD (Computational Fluid Dynamics)

I. INTRODUCTION

Due to high temperature, pressure which is created by hot flowing fluid over a gas turbine blade, it tends to failure

after some specific time period. There are several types of failure accurse in gas turbine blade. Few of the failures

and investigations are discussed below.

When 150 MW gas turbine examined, it fails with extremely high vibrations, it is observed that all blade

including stationary blades were damaged at extremely high level. Blade had completed only 1800 hours of life

with intermittent mode running. More important is that there was no damage in other sections. It was pure blade

failure and it is due to the crack in the securing pin hole (stress raiser) located at the root of the blade and

propagated. [1]

Cooling system is installed on generator because of high increasing temperature. Employing a fan of a cooling

system on the generator at the end sides of its rotor is generally preferred. In some cases, due to the fracture of

blades short circuit between rotor and stator can accurse and generator tends to fail with huge financial loss. [2]

Most frequent damages in gas turbine blade are creep and stress rupture. These are accurse due to high working

temperature and hot flowing fluid. But the working of gas turbine blade is based on microstructure of blade
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material. During service exploration blade material microstructural degradation can accurse. Hence it is also

important to perform detailed microstructural examination of gas turbine blade. For effective microstructural

analysis of turbine blades after service exposure, a reliable method should be there. [3]

While designing gas turbine blade by thermal point of view, prediction of stresses and coefficient of heat transfer

plays an important role. Some studies are based on an investigation of stresses and heat transfer in blades with

circular cooling passages. FVM and FEM commercial codes are used for 3D-numerical conjugated simulations in

CFX and ANSYS tools to find out of the heat transfer coefficients distributions along a blade and the stresses,

respectively. On the stagnation point of blade leading edge coefficient of heat transfer is more because of

incoming gas flow impingement. But lowest on trailing edge at pressure and suction sides because of thermal

boundary layer formation. At the trailing edge near the mid-span, the maximum material temperature and the

maximum thermal stress occurs. [4]

Nickel base superalloy provides strength at high temperature hence mostly used in certain applications. As blade

works at high temperature it suffers service induced degradation. First stage blade of 3 MW gas turbine having

material nickel-base alloy Nimonic 80A which is capable to sustain high temperature. Metallographic and

microhardness test was done on blades it is tested for microstructure and microhardness with four different blade

zones i.e. root, 30%, 60%, and 90% to total hot region height of blade. Creep damage is found on the basis of

performed test. Considering peak loading of centrifugal force and surface (aerodynamic) loads Finite element

method (FEM) analysis is conducted to predict the life of turbine blades using the Larson–Miller method. Also

two heat treatment cycles are suggested and applied. The heat treatments effects on grain size, volume friction of

c0 primary phase, and micro hardness are investigated. Detailed analysis results explain the root cause of failure

of blade and it is loss of coating resistance at high temperature due to oxidation, corrosion, erosion and inters

diffusion of coating-substrate. [5]

As gas turbine blades are subjected to high temperature working conditions cooling of blades is an important

factor. There are various methods are available to perform this task, one of them is providing radial holes to high

velocity cooling air throughout the blade span. Due to this blade temperature considerably reduces. Steady state

thermal & structural performance on blade which has material N155 & Inconel 718 nickel-chromium alloys with

four separate models which consisting of solid blade and blades with several holes (i.e. 5, 9 & 13 holes) able to

find out optimum number of blades. Also found that Inconel 718 is better suited for high temperature

applications. [6]

II. CAD MODELING OF GAS TURBINE BLADE

CAD modelling of gas turbine blade is an important part of entire project. Because the blade profile is very

complex and it will decide the nature of the hot flowing fluid over a blade. The advanced CAD software i.e.

CATIA V5R17 is selected for modeling the gas turbine blade.

A. Parameters of gas turbine blade

Various dimensions required to model gas turbine blade are obtained by Reverse Engineering Process. The gas

turbine blades are taken for the reference purpose with owners [7] permission. Steel rule, Screw gauge,

Micrometer, Vernier caliper etc instruments are used for taking the dimensions from actual blades. CAD model of
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gas turbine blade is prepared in such a way that it should exactly represent the actual blade virtually and its profile

can be taken for the further analysis.

Figure 1. CAD model of first stage gas turbine Blade

B. IGES (Neutral File) format.

After creating model of gas turbine blade we need to convert it into suitable Neutral File Format. Now to perform

analysis on gas turbine blade, it must be imported in FEA software. But FEA software can’t work directly on

CAD file. Hence the universal accepted format for exchanging such data is used which is called as neutral file

format.

It is also called vendor-neutral standard format. The IGES (Initial Graphics Exchange Specification) is used to

exchange geometric models between various CAD and CAE softwares. But it is able to import partial files which

contain dimensions and geometry related data. We are also able to import multiple files into the same model. [8]

III. COMPUTATIONAL FLUID DYNAMICS (CFD) ANALYSIS

Here the blade assembly is considered for simulating hot fluid flow over a profile. Specific domain for this

purpose is set and by applying boundary condition required results can be obtained. The prepared domain for

CFD analysis is shown below figure.
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Figure 2. Blade assembly domain for CFD analysis

A. CFD Analysis.

We are using ANSYS 14.0 Fluent CFD tool for performing this analysis. [8]

Following figure shows the meshed view of considered domain. The overall domain is under the influence of

hat fluid. So such kind of fluid properties is applied and behavior of fluid is checked out.

Figure 3. Meshed view of blade and vane assembly

IV. RESULTS OF CFD ANALYSIS

In this step, we will display the results of the simulation, Results calculated by performing CFD analysis are

shown below.

A. Velocity Distribution along a blade profile.
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Figure 4. Velocity Counters on Blade profile.

Figure 5. High Velocity points on Blade profile.

B. Temperature Distribution along a blade profile

Figure 6. Temperature Counters on Blade profile
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Above figures illustrates the nature of fluid flow, temperature distribution, Velocity vectors etc. By studying these

results we can understand where the possible defects may accurse. The behavior of blade material at high

temperature can be examined.

Following summerised results also help for studying flow of hot fluid on blade.

TABLE1 RESULTS OBTAINED BY PERFORMING CFD ANALYSIS.

Sr No Properties Minimum Value Maximum Value

1 Velocity 0 m/s 25.69 m/s

2 Temperature 1000C 8000C

3 Pressure -996.20 Pa 20.66 pa

4 Density 1.22 kg/m3 1.22 kg/m3

5 Turbulence 0.0037 m2/s2 175.36 m2/s2

5 Heat Transfer Rate 153 w 153 w

V. CONCLUSIONS

Based on the CFD analysis it is to be state that, the root cause of failure of gas turbine blade is high working

temperature with high pressure difference. Results show the temperature counters on blade profile which illustrate

the possible damage due to overheating.

Conducting thermal mapping CFD tool provides extensive information about failure of gas turbine blade. It gives

better approximate solutions with material saving. It can be implemented where the direct contact thermal

mapping techniques cannot be applied. The following observations can also conclude accordingly.

 Due to high temperature at middle and top of the blade there is always possibility of failure.

 Pressure difference affects the blade material at high temperature.

 Turbulence in hot fluid is due to pressure difference.

 CFD tools are best for thermal mapping of gas turbine blade and are also reliable.
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Abstract—Asearch-as-you-type system determines answerson-the-fly as a user types in a keyword query, character by
character. There arises a higher need to know the support search-as-you-type on data residing in a relational DBMS. The
existing work on keyword query focuses on to support type of search using the native database SQL. The leverage existing
database functionalities is to meet high performance requirement to achieve an interactive speed. It uses auxiliary indexes that
are stored as tables to increase search performance. But the main drawbacks in existing work were that it handle search as
you type for databases for single table at the same time multiple tables were not taken into consideration. The Proposed work
presents a Fuzzy Multi-Join technique to support multiple tables for search as-you-type in relational databases. Further the
proposal presents a Top-K Query Search model to support ranking queries for search as-you-type in relational databases Top-
k join queries are generated in relational query processors.

Keywords—Search-as-you-type, Databases, SQL, Fuzzy Search.

I. INTRODUCTION

A Search-as-you-type on DBMS systems using the native query language (SQL). In other words, we want to use SQL to find
answers to a search query as a user types in keywords character by character. Our goal is to utilize the built-in query engine of the
database system as much as possible. In this way, we can reduce the programming efforts to support search-as-you-type.

In addition, the solution developed on one database using standard SQL techniques is portable to other databases which
support the same standard. Similar observation are also made by Gravano et al. and Jestes et al. which use SQL to support similarity
join in databases.

Rank-aware query processing has become a vital need for many applications. In the context of the Web, the main applications
include building meta-search engines, combining ranking functions and selecting documents based on multiple criteria. Efficient rank
aggregation is the key to a useful search engine. In the context of multimedia and digital libraries, an important type of query is
similarity matching. Users often specify multiple features to evaluate the similarity between the query media and the stored media.

Most of these applications have queries that involve joining multiple inputs, where users are usually interested in the top-k
join results based on some score function. Since most of these applications are built on top of a commercial relational database system,
our goal is to support top-k join queries in relational query processors. The answer to a top-k join query is an ordered set of join results
according to some provided function that combines the orders on each input.

More precisely, consider a set of relations R1 to Rm. Each tuple in Ri is associated with some score that gives it a rank within
Ri. The top-k join query joins R1 to Rm and produces the results ranked on a total score. The total score is computed according to
some function, f, which combines individual scores. Note that the score attached with each relation can be the value of one attribute or
a value computed using a predicate on a subset of its attributes.

To increase the search performance and to achieve an interactive speed it uses auxiliary indexes stored as tables. Support both
single-keyword and multi-keyword queries using the database language SQL. A higher need to know the support of search-as-you-
type on data residing in a relational DBMS it uses ranking and multi-join technique.

II. RELATED WORK

ESTER further supports are designed by H. Bast et al. (2007) [1] a natural blend of such semantic queries with ordinary full-
text queries. Moreover, the prefix search operation allows for a fully interactive and proactive user interface, which after every
keystroke suggests to the user possible semantic interpretations of his or her query, and speculatively executes the most likely of these
interpretations.

Imagine a user of a search engine is developed by I. Weber et el. (2006) [2] typing a query. Then with every letter being
typed, we would like an instant display of completions of the last query word which would lead to good hits. At the same time, the
best hits for any of these completions should be displayed. Known indexing data structures that apply to this problem either incur large
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processing times for a substantial class of queries, or they use a lot of space. We present a new indexing data structure that uses no
more space than a state-of-the-art compressed inverted index, but that yields an order of magnitude faster query processing times.
Even on the large TREC Terabyte collection, which comprises over 25 million documents, we achieve, on a single machine and with
the index on disk, average response times of one tenth of a second. We have built a full-edged, interactive search engine that realizes
the proposed auto completion feature combined with support for proximity search, semi-structured (XML) text, sub word and phrase
completion, and semantic tags.

Complete Search, an interactive search engine is developed by H. Bast (2007) [3] that offers the user a variety of complex
features, which at first glance have little in common, yet are all provided via one and the same highly optimized core mechanism. This
mechanism answers queries for what we call context-sensitive prefix search and completion: given a set of documents and a word
range, compute all words from that range which are contained in one of the given documents, as well as those of the given documents
which contain a word from the given range.

We propose a simple algorithm based on novel is designed by Y. Ma et al. (2007) [4], indexing and optimization strategies
that solve this problem without relying on approximation methods or extensive parameter tuning. We show the approach efficiently
handles a variety of datasets across a wide setting of similarity thresholds, with large speedups over previous state-of-the-art
approaches.

A system which enables keyword-based search was developed by G. Bhalotia et al. (2002) [5] on relational databases,
together with data and schema browsing. BANKS enables users to extract information in a simple manner without any knowledge of
the schema or any need for writing complex queries. A user can get information by typing a few keywords, following hyperlinks, and
interacting with controls on the displayed results.

III. A SEARCHING STRATEGY TO ADOPT MULTI-JOIN QUERIES BASED ON TOP-K QUERY MODEL

In top-k selection queries, the goal is to apply a scoring function on multiple attributes of the same relation to select tuples
ranked on their combined score.

Fig. 1 Architecture Diagram of A Searching Strategy to Adopt Multi-Join Queries Based on Top-K Query Model

The problem is tackled in different contexts. In middleware environments, Fagin and Fagin et al. introduce the first efficient
set of algorithms to answer ranking queries. Database objects with m attributes are viewed as m separate lists, each supports sorted
and, possibly, random access to object scores. The TA algorithm assumes the availability of random access to object scores in any list
besides the sorted access to each list.
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 Search as you type Multiple Tables
 Fuzzy Multi-join Search
 Top K-Query Ranking
 Exact Search for Single Keywords
 Fuzzy Search for Single Keywords
 Multi-Keyword Search Updates

A.  Search as you type multiple tables

Search-as-you-Type multiple tables allow to add dynamic real-time search to requested queries. Dynamically present
suggestions and auto-complete queries, before user is even done typing. Use Search-as-you-Type on any text input field; integrate it
with multiple databases as server interface.

SQL to find answers to a search query as user types in keywords character by character in multiple tables. Utilize built-in
query engine of databases system as much as possible. Reduce programming efforts to support search-as-you-type, solution developed
on one database using standard SQL techniques is portable to multiple tables as well.

B. Fuzzy multi-join search

Search as you type queries look for results from multiple tables across the databases. Fuzzy multi-join search for multiple
tables uses hierarchical taxonomy (concept hierarchy) of search data to generate different search criteria at different levels in the
taxonomy for databases containing multiple tables.

Fuzzy multi-join search enable to discover crisp search as you type results fuzzy generalized search rules. Search queries are
mapped to form similarity queries. Similarity queries are made into multi-join search in the databases.

Fig. 2 Three steps in Ripple Join

Ripple join is a family of join algorithms introduced in the context of online processing of aggregation queries in a relational
DBMS. Traditional join algorithms are designed to minimize the time till completion estimate of the query result is available. Ripple
joins can be viewed as a generalization of nested-loops join and hash join.

In the simplest version of a two-table ripple join, one previously-unseen random tuple is retrieved from each table (e.g., R
and S) at each sampling step. These new tuples are joined with the previously-seen tuples and with each other. Thus the Cartesian
product R _ S is swept out as depicted in Fig 2.

The square version of ripple join draws samples from Rand S at the same rate. However, in order to provide the shortest
possible condense intervals; it is often necessary to sample one relation at a higher rate. This requirement leads to the general
rectangular version of the ripple join where more samples are drawn from one relation than from the other.

Variants of ripple join are:
1. Block Ripple Join, where the sample units are blocks of tuples of size b (In classic ripple join, b = 1)
2. Hash Ripple Join, where all the sampled tuples are kept in hash tables in memory. In this case, calculating the join condition of a
new sampled tuple with previously sampled tuples is very fast (saving I/O).

C Ttop k-query ranking

Multi-join queries search in multiple tables are improved by ranking top k queries in search as you type multiple databases.
Introduced rank-join algorithm makes use of individual orders of its inputs to produce join results ordered on a user-specified scoring
function. Rank the join results progressively during the join operation. The operators are non-blocking integrated into pipelined
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execution plans. Arrive optimization heuristics to integrate new join operators in practical query.
Ripple joins are designed to minimize time acceptably precise estimate of query result is available. Ripple joins viewed as

generalization of nested-loops join and hash join. In a two-table ripple join one previously-unseen random tuple is retrieved from each
table (e.g., R and S) at each sampling step, new tuples are joined with previously seen tuples and with each other Cartesian product RS
is swept out.

More precisely, consider a set of relations R1 to Rm. Each tuple in Ri is associated with some score that gives it a rank within
Ri. The top-k join query joins R1 to Rm and produces the results ranked on a total score. The total score is computed according to
some function, f, that combines individual scores. Note that the score attached with each relation can be the value of one attribute or a
value computed using a predicate on a subset of its attributes.

A possible SQL-like notation for expressing a top-k join query is as follows:
SELECT *FROM R1,R2,….,Rm WHERE join condition(R1,R2,….,Rm)ORDERBY f(R1:score,R2:score,
…..,Rm:score)STOP AFTER k;

Fig.3 Alternative plans for Query Q1

Propose a new rank-join algorithm, with the desired properties, along with its correctness proof. Implement the proposed
algorithm in practical pipelined rank-join operators based on ripple join, with better capabilities of preserving orders of their inputs.
The new operators can be integrated in query plans as ordinary join operators and hence give the optimizer the chance to produce
better execution plans. Fig 3(b) gives an example execution plan for Q1, using the proposed rank-join operator (RANK-JOIN). The
plan avoids the unnecessary sort of the join results by utilizing the base table access plans that preserve interesting orders. Moreover,
the plan produces the top-k results incrementally.

Propose a novel score-guided join strategy that minimizes the range of the Cartesian space that needs to be evaluated to
produce the top-k ranked join results. We introduce an adaptive join strategy for joining ranked inputs from external sources, an
important characteristic of the applications that use ranking.

Evaluate our proposed join operators and compare them with other approaches to join ranked inputs. The experiments
validate approach and show a superior performance of algorithm over other approaches.

The algorithm takes m ranked inputs, a join condition, a monotone combining ranking function f and the number of desired
ranked join results k. The algorithm reports the top k ranked join results in descending order of their combined score. The rank-join
algorithm works as follows:

Retrieve objects from the input relations in a descending order of their individual scores. For each new retrieved tuple:

1. Generate new valid join combinations with all tuples seen so far from other relations, using some join strategy.

2. For each resulting join combination, J, compute the score J:score as
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f(O1:score;O2:score; : : : ;Om:score), where Oi:score is the score of the object from the ith input in this join combination.

3. Let the object O(di) i be the last object seen from input i, where di is number of objects retrieved from that input, O(1) i be
the _rst object retrieved from input i, and T be the maximum of the following m values:

f(O(d1)1 :score;O(1)2 :score; : : : ;O(1) m :score),
f(O(1) 1 :score;O(d2)2 :score; : : : ;O(1) m :score), : : :,
f(O(1) 1 :score;O(1) 2 :score; : : : ;O(dm) m :score).

4. Let Lk be a list of the k join results with the maximum combined score seen so far and let  scorek be the
lowest score in Lk, halt when scorek>_ T.

D.  Exact search for single keywords

Exact search for single keyword comprises of two methods,
1. No-Index method
2. Index method

1. No-Index method
No-Index Method support search-as-you-type to issue an SQL query that scans each record and verifies whether record is an

answer to the query.
Using the LIKE predicate databases provide a LIKE predicate to allow users to perform string matching, use LIKE predicate

to check whether a record contains the query, keyword introduce false positives remove these false positives by calling UDFs.
Two no-index methods need no additional space, but they are not scalable since they need to scan all records in the table.

2. Index method
Index-Based Methods build auxiliary tables as index structures to facilitate prefix search, develop a new method used in all

databases, performs prefix search more efficiently.
Inverted-index table

Given a table T, assign unique ids to the keywords in table T, following their alphabetical order. Create an inverted-index
table IT with records in the form (kid; rid) where kid is the id of a keyword and rid is the id of a record that contains the keyword.
Given a complete keyword, we can use the inverted-index table to find records with the keyword.

Table.1 Inverted-index Table and Prefix Table
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Prefix table
Given a table T, for all prefixes of keywords in the table, we build a prefix table PT with records in the form (p; lkid; ukid)

where p is a prefix of a keyword, lkid is the smallest id of those keywords in the table T having p as a prefix, and ukid is the largest id
of those keywords having p as a prefix.

Use the following SQL to answer the prefix-searchquery w:
SELECT T* FROM PT; IT; T WHERE
PT.prefix = “w” AND PT .ukid >= IT .kid AND PT.lkid>=IT.kid AND IT .rid =T.rid.

Thus, given a prefix keyword w, use the prefix table to find the range of keywords with the prefix.

E. Fuzzy search for single keywords

In fuzzy search for single keyword comprises of two methods,
1. No-Index method
2. Index method

1. No-Index method
In fuzzy search for single keyword UDFs support fuzzy search. Improve performance by doing early termination in dynamic-

programming computation using edit-distance threshold, devise a new UDF. If there is a keyword in string having prefixes with an
edit distance within returns true. Issue an SQL query that scans each record and calls UDF to verify the record.

2. Index method
Use the inverted-index table and prefix table to support fuzzy search-as-you-type. Given a partial keyword compute its

answers in two steps .First compute its similar prefixes from the prefix table get the keyword ranges of these similar prefixes, and then
compute answers based on these ranges using the inverted-index table.
Gram-based Method

There are many q-gram-based methods to support approximate string search. Given a string s, its q-grams are its substrings
with length q.

Fig.4 Use the q-gram table and the neighborhood generation table to Support fuzzy search.

To find similar prefixes of a query keyword, besides use the inverted-index table and the prefix table, also in need to create a
q-gram table with records.
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F.  Multi-keyword search updates

Multi-keyword Search updates is given a multi-keyword query Q with m keywords, using the “INTERSECT” Operator first
compute records for each keyword and then use INTERSECT operator to join these records for different keywords to compute
answers. Using Full-text Indexes first use full-text indexes to find records matching the first complete keywords and then use proposed
methods to find records matching the last prefix keyword. Two methods cannot use pre-computed results lead to low performance.

Word-Level Incremental Computation use previously computed results to incrementally answer a query. Assuming a user has
typed in a query with keywords create a temporary table to cache the record ids of query. If the user types in a new keyword and
submits a new query with keywords use temporary table to incrementally answer the new query. Exact search focus on the method
that uses the prefix table and inverted-index table. Fuzzy search consider character level incremental method. Fuzzy search consider
character level incremental method, the user arbitrarily modifies the query, can easily extend this method to answer new query.

IV. PERFORMANCE RESULTS AND DISCUSSION

We use a simple ranking query that joins four tables on the non-key attribute JC and retrieves the join results ordered on a
simple function. The function combines individual scores which in this case a weighted sum of the scores (wi is the weight associated
with input i). Only the top k results are retrieved by the query.

Performance measurement metrics are given below,
 Number of Tables
 Number of letters in keyword
 Query Time
 Number of answers
 Number of records

Fig. 5 A Searching Strategy to Adopt Multi-Join Queries Based on Top-K Query Model of Number of databases and Query
time.

Fig. 5 shows compares the total time to report 50 ranked results, while compare the number of accessed disk pages and the
extra space overhead, respectively.

For all selectivity values, HRJN shows the best performance. J has a better performance than HRJN for high selectivity
values while HRJN performs better for low selectivity values.

The reason is that HRJN* combines the advantages of J* and HRJN. While HRJN* uses a score-guided strategy to navigate
in the Cartesian space for a faster termination (similar to J*), it also uses the power of producing fast join results by using the
symmetric hash join technique (similar to HRJN).

The CPU complexity of J* increases significantly increases. On the other hand, J* and HRJN* show better performance in
terms of the number of accessed pages compare to HRJN (Fig 6), because of the score guided strategy they are using. HRJN_ is the
most scalable in terms of the space overhead.
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Fig. 6 A Searching Strategy to Adopt Multi-Join Queries Based on Top-K Query Model of Number of databases and Query
Results.

The reason is that HRJN* combines the advantages of J* and HRJN. While HRJN* uses a score-guided strategy to navigate
in the Cartesian space for a faster termination (similar to J*), it also uses the power of producing fast join results by using the
symmetric hash join technique (similar to HRJN).

V. CONCLUSION

Top-k join queries in practical relational query processors. We introduce a new rank-join algorithm that is independent of the
join strategy, along with its correctness proof. The proposed rank-join algorithm makes use of the ranking on the input relations to
produce ranked join results on a combined score. The ranking is performed progressively during the join and hence, there is no need
for a blocking sort operation after join. We present a physical query operator to implement rank-join based on ripple join; the hash
rank join (HRJN).

We propose a new join strategy that is guided by the input score values. We apply the new strategy on the original HRJN
algorithm and call the new operator HRJN*. We address exploiting available indexes on the join columns. We propose a general rank-
join algorithm that utilizes these indexes for faster termination of the ranking process. We experimentally evaluate the proposed join
operators and compare their performance with a recent algorithm to join ranked inputs. We conduct several experiments varying the
number of required answers, the join selectivity, and the number of inputs in the pipeline.
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Abstract— Vehicular ad hoc networks (VANETs) arehigh priority safety applications that need medium access control (MAC)
protocol for efficient broadcast service. The existing work presented VeMAC, a novel multi channel TDMA MAC protocol for
VANET supports efficient one-hop and multi-hop broadcast services on control channel using implicit acknowledgments and
eliminating hidden terminal.The drawbacks of existing work allow a node to reserve only one slot in an information frame.
Once a node has reserved a slot it ceases contending for other slots.

The proposed work presented an Adaptive Slot Reservation Frame Scheme for improved contention access on control
channel in VeMAC. Nodes are allowed to contend for more than one slot in a reservation frame according to priority criteria.
The advantages of proposed work allow nodes to reserve a slot adaptively in the information frame as per priority. Simulation
methodology is adopted to eliminate the artificial boundary effect of VeMAC.

Keywords—Ad hoc network, Five-Phase Reservation Protocol (FPRP), Contention Slot, Media Access Control (MAC)protocol.

I. INTRODUCTION

A mobile ad hoc network (MANET) consists of a number of mobile terminals connected with wireless links and is
independent from any fixed infrastructure. MANETs can be established quickly and moved flexibly and therefore have wide
applications in various types of communication, such as military and emergency. The media access control (MAC) protocol, which
provides channel access control mechanisms to coordinate multiple nodes in a network, is an important part of ad hoc networks.

To date, many time division multiple access (TDMA)-based MAC protocols have been proposed. There are reservation-based
protocols, such as the five-phase reservation protocol (FPRP) and the hop reservation multiple access (HRMA) protocol.

The reservation-based TDMA protocols can be classified into two categories: fixed allocation and dynamic allocation. Fixed
allocation protocols make slot assignments at the scale of the whole network. They do not have the conflict problem but are not
suitable for networks with dynamically changing topologies. In contrast, dynamic allocation protocols, such as FPRP, HRMA,
evolutionary-TDMA (E-TDMA), and DRAND, use distributed algorithms to assign slots by coordinating nearby nodes. FPRP is a
fully-distributed protocol with a low probability of conflict. Using dynamic slot assignments, FPRP has many advantages, such as
being scalable with the network size, suitable for changing topology, and insensitive to node mobility. These merits make FPRP a very
promising MAC layer protocol for MANETs.

In this algorithm, nodes compete for different time slots in a reservation cycle, making the number of transmission nodes in
each slot nearly equal. In the authors modified the reservation mechanism to take into account different levels of urgency of the traffic.
After the slot reservation cycle is completed, every node will maintain a table of slot assignments, which specifies which slots have
been acquired by neighbor nodes. When the next reservation cycle starts, all nodes will contend for slots based on the prior
information in the table, thereby improving the spatial channel utilization.

An improved FPRP algorithm was proposed, in which nodes use different initial probabilities for contention, according to
different traffic loads. In this improved FPRP, the node that receives the collision report will check the report to decide whether it
should continue to contend or stop immediately.

An improved FPRP (I-FPRP) protocol applying the pseudo-Bayesian broadcast algorithm is subsequently proposed and
theoretically analyzed in section III. In section IV, we investigate various performance metrics in detail and critically study the pros
and cons of FPRP and I-FPRP via simulation results.
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II. RELATED WORK

The VeMAC framework is developed by Hassan Aboubakr Omar et al., (2011) [1] supports efficient one-hop and multi-hop
broadcast services on the control channel by using implicit acknowledgments and eliminating the hidden terminal problem. The
protocol reduces transmission collisions due to node mobility on the control channel by assigning disjoint sets of time slots to vehicles
moving in opposite directions and to road side units. Analysis and simulation results in highway and city scenarios are presented to
evaluate the performance of VeMAC and compare it with ADHOC MAC, an existing TDMA MAC protocol for VANETs. It is due to
its ability to decrease the rate of transmission collisions, the VeMAC protocol can provide significantly higher throughput on the
control channel than ADHOC MAC.

Location Division Multiple Access (LDMA) scheme is designed by R.Mangharam et al., (2007) [2] to suppress the broadcast
storm problem and ensure bounded end-to-end delay across multiple hops. This scheme requires participating vehicles to time
synchronize with the GPS time and receive the regional map definitions consisting of spatial cell resolutions and temporal slot
schedules via an out-of-band FM/RDBS control channel. We use the Groove Net vehicular network virtualization platform with
realistic mobility, car-following and congestion models to evaluate the performance of LDMA in simulation and on the road.

This paper is developed by J.W. Wang et al., (1999) [3] probability that m out of n boxes each have exactly one ball resulting
from distributing k balls into n boxes. The solution to this problem is given by a set of recursive expressions. By translating these
formulae into computer program, one can easily obtain the numerical results.

Our model is designed by M.I. Hassan et al., (2004) [4] validated using extensive simulations and we show that our model
yields better predictive accuracy than other existing models. The model is then used to investigate the performance of a modified DCF
that uses a fixed number of sequential retransmissions to improve the reliability of packet delivery. We find that with sequential
retransmissions, the PDR improves at low vehicle density (i.e. low traffic load), but degrades at heavy loads where higher collisions
induced by the retransmissions outweighs the benefit of repeated attempts.

III. AN ADAPTIVE SLOT RESERVATION FRAME FOR EFFICIENT CONTENTION ACCESS IN VEMAC-VANET

The protocol reduces transmission collisions due to node mobility on the control channel by assigning disjoint sets of time
slots to vehicles moving in opposite directions and to road side units.

Fig.1Architecture Diagram of An Adaptive Reservation Frame for Efficient Contention Access in VeMAC-VANET
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Analysis and simulation results in highway and city scenarios are presented to evaluate the performance of VeMAC and
compare it with ADHOC MAC, an existing TDMA MAC protocol for VANETs. It is shown that, due to its ability to decrease the rate
of transmission collisions, the VeMAC protocol can provide significantly higher throughput on the control channel than ADHOC
MAC.

FPRP is proposed, in which nodes are allowed to contend for more than one slot in a reservation frame according to a certain
probability/priority. Simulation results indicate that the proposed mechanism performs better than FPRP in time slot utilization and
hence the network throughput under various scenarios.

Analysis and simulation results in highway and city scenarios are presented to evaluate the performance of VeMAC and
compare it with ADHOC MAC, an existing TDMA MAC protocol for VANETs. It is shown that, due to its ability to decrease the rate
of transmission collisions, the VeMAC protocol can provide significantly higher throughput on the control channel than ADHOC
MAC.

FPRP is proposed, in which nodes are allowed to contend for more than one slot in a reservation frame according to a certain
probability/priority. Simulation results indicate that the proposed mechanism performs better than FPRP in time slot utilization and
hence the network throughput under various scenarios.


 Contention Access for VeMAC-VANET
 Adaptive Slot Reservation Frame
 Bayes Timeslot Probability
 VeMAC VANET Model
 Accessing Slots on Control and Service Channel
 Multi-hop Broadcast Services


A.  CONTENTION ACCESS FOR VEMAC-VANET

Contention Mechanism, because nodes are allowed to contend for two slots, a node that has reserved a slot will continue to
contend at the next slot with a reasonable probability until it gets two slots. Therefore, it will still update the number of contending
nodes by detecting if there is an “idle,” “success,” or “collision” event. Clearly, the estimated number of contention nodes in the next
slot will be different from that in FPRP due to the influence of second-round contention nodes. In what follows, we will first present
the new contention algorithm in I-FPRP and then describe its reasonableness.

The Multi-hop pseudo-Bayesian algorithm used in FPRP is modified from the (single-hop) pseudo-Bayesian broadcast
algorithm. The original pseudo-Bayesian algorithm only performs well in single-hop ALOHA networks, whereas the multi-hop
pseudo-Bayesian extends itself to multi-hop networks to obtain efficient estimation on
the number of contention nodes within two hops. Following a similar procedure, we will first analyze the improved mechanism in
single-hop networks and further extend it to multi-hop networks.

Each node has two transceivers: transceiver1 is always tuned to the cch, while transceiver2 can be tuned to any of the M schs.
For a certain node x, the sch to which transceiver2 is currently tuned is denoted by sch(x). It is assumed that the transmission power
levels on the cch and schs are fixed and known to all nodes. All channels are symmetric, in the sense that node x is in the
communication range of node y if and only if node y is in the communication range of node x.

For a certain node x, the following two sets are defined:

1. Ncch(x): the set of one hop neighbors of node x on the cch, from/to which node x can receive/transmit packets on

the cch;

2. Nm(x): the set of ‘expected’ one hop neighbors of node x on schm, m = 1; : : : ; M.

B.  ADAPTIVE SLOT RESERVATION FRAME

An RS is composed of M RCs, each of which consists of a five-phase dialogue. If a node wants to reserve an IS, it contends
in the RS. A slot is reserved in the RF and used in each IF until the next RF arrives to initiate the next round of reservation. In FPRP, a
node that wants to make a reservation will first send a reservation request (RR) packet with probability p to its neighbors.

Two types of packets are used in the packing packet (PP) is sent by the nodes two hops away from the reservation node to
inform nodes that are three hops away, and the elimination packet (EP) is sent with a probability of 0.5 to resolve a non isolated
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deadlock (when there are two transmission nodes within one hop, and they cannot detect each other until one EP is received from one
to the other). Further, nodes can always detect that they receive zero, one (success), or more (collision) packets, so they are aware of
the success or failure events in each phase of FPRP.

Time is partitioned to frames. A frame consists of a fixed number S of constant -duration time slots. Each frame is partitioned
into three sets of time slots: L, R, and F. The F set is associated with RSUs, while the L and R sets are associated with nodes moving
in left and right directions respectively. Every node (i.e. vehicle or RSU) is equipped with a GPS receiver. Each vehicle can determine
its direction using GPS, and synchronization among nodes can be performed using the 1PPS signal provided by any GPS receiver. The
rising edge of this 1PPS is aligned with the start of every GPS second with accuracy within 100ns even for inexpensive GPS receivers.
Consequently, this accurate 1PPS signal can be used as a common time reference among all nodes.

Each second contains an integer number of frames. Hence, at any instant, each node can determine whether the current time
slot belongs to the L, R, or F set. The VANET has one control channel (cch), and M service channels (schs), denoted by sch1; sch2; : :
: ; schM. The cch is mainly used for transmission of two kinds of information: high priority short applications (such as periodic or
event driven safety messages), and control information required for the nodes to determine which time slots they should access on the
cch and schs. The M schs are used for transmission of safety or non-safety related application messages.

C.  BAYES TIMESLOT PROBABILITY

The pseudo-Bayesian algorithm assumes that the number of contention nodes during a slot can be approximated by a Poisson
distribution with mean v. Moreover, each node keeps v as the best estimation for the number of contention nodes and broadcasts with
probability p=1/v. To improve time slot utilization, we propose animproved contention mechanism for FPRP to allow the nodes to
acquire two slots. The new mechanism keeps estimation about the number of nodes (within two hops) that contend for the second slot.
Since every node can hear any successful reservation within two hops, nodes can know the number of slots reserved by other nodes
within two hops.

Bayesian Algorithm:
1. A modified pseudo-Bayesian algorithm is chosen to compute the contention probability p in the RR phase.

2. In a multi-hop pseudo-Bayesian algorithm, a node needs to keep two estimated values: one is the number of nodes n
c
that

contend within two hops; the other is the number of nodes n
b

within two hops that need reservations but cannot contend

in the current slot due to a nearby successful reservation.
3. Some heuristic constants are used to capture the effect of a reservation success on the behavior of the nearby contenders.
4. Specifically, for nodes that are one hop away from the success node, a portion (R

1
) of its neighboring contenders ceases

to contend in the current slot.
5. Similarly, for nodes that are two and three hops away from the success node, this portion is R

2
and R

3
, respectively.

D.  VEMAC VANET MODEL

VANET consists is set of RSUs and set of vehicles moving in opposite directions on two-way vehicle traffic roads. If two
vehicles are moving in opposite directions on a two-way road guaranteed that one vehicle is moving in a left direction, while the other
vehicle is moving in a right one. VANET has one control channel and M service channels is used for transmission of two kinds of
information and high priority short applications (such as periodic or event driven safety messages). Control information required for
nodes to determine which time slots they should access on channel. Service channels are used for transmission of safety or non-safety
related application messages.

Service provider is a node announces on channel for service offered on a specific service channel. User is a node receives the
announcement for a service decides to make use of this service. Each node has two transceivers; transceiver1 is tuned to channel c.
Transceiver2 is tuned to any service channel c. Transmission power levels on all channels are fixed and known to all nodes. All
channels are symmetric node x and node y in the communication range between themselves. Each node is identified by a MAC
address and a short identifier. ID is chosen by each node at random included in the header of each packet transmitted on channel.

Each node transmits a packet during its time slot even if the node has no data to include in high priority short applications
field. Information in the header, AnS and AcSfields, is necessary for other nodes to decide which time slots they can access on the
control channel and service channels. Two types of transmission collision on time slots on the channel are access collision is happen
when two or more nodes within two hops of each other attempt to acquire same available time slot. Merging collision happens when
two or more nodes acquiring same time slot become members of the same two-hop set (THS) due to node activation or node mobility.

In VANETs merging collisions happen among vehicles moving in same direction due to acceleration or deceleration, more
likely to occur among vehicles moving in opposite directions or between a vehicle and a stationary RSU.
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Let K denote the number of contending nodes, each of which needs to acquire a time slot on channel c0. We want to

determine the average number of nodes which acquire a time slot within n frames, the probability that a specific node acquires a time

slot within n frames, and the probability that all the nodes acquire a time slot within n frames. To simplify the analysis, the following

assumptions are made:

1. All the contending nodes belong to the same set of THSs, with the same T0 and A sets, e.g. node w and node x in its final

position.

2. The set of THSs to which the contending nodes belong does not change.

3. The set A is not augmented when a node fails to acquire a time slot after τ frames.

4. At the end of each frame, each node is aware of all acquired time slots during the frame, and updates the sets T0 and A

accordingly, i.e. all nodes are within the communication range of each other.

5. At the end of each frame, all contending nodes are informed whether or not their attempts to access a time slot during this

frame were successful. Based on this information, each colliding node randomly chooses an available time slot from the

updated a set, and attempts to access this slot during the coming frame.

The delay that a high priority safety packet experiences on channel c0 depends on the value of s 0 as well as the duration of a

time slot. Considering a maximum VeMAC packet size of 450 byte and a transmission rate of 12 Mbps, the packet requires a

transmission time of 0.3ms. By adding guard periods and taking account of the physical layer overhead, such as the preamble and the

physical layer header, a 0.35ms slot duration can be assumed. In terms of synchronization, this slot duration is suitable as it is much

larger than the jitter of the 1PPS of GPS receivers which is usually in the order of nanoseconds.

E.  ACCESSING SLOTS ON CONTROL AND SERVICECHANNEL

Access time slot assignment on channel in the header of each packet transmitted. Transmitting node includes set N(y) and
time slot used by each node. Short IDs in set N(y) serve to decrease the overhead compared to including MAC address of each one-
hop neighbor in the header of each transmitted packet.

Suppose node is just powered on and needs to acquire a time slot, starts listening to channel successive time slots. At the end
of the slots node x can determine N(x) and the time slot used by each node. Since each node announces N (i) and time slot used by
each node x determine the time slot used by each of its two-hop neighbors.

Consider node x has a MAC layer service data unit (MSDU) to be delivered to a certain destination on service channel.
Service refers to the delivery of an MSDU on a certain service channel.

Node x announces information in the AnS field of its next packet transmitted on channel,

1. Reliability of service (i.e. acknowledged or not),

2. MAC address of intended destination y

3. Number of service channel

4. Priority of service

Once the provider announces for the serviceno further action is needed unless destination accepts service.

The assignment of time slots to nodes on the schs is performed by the providers in a centralized way. For the slot assignment

without a hidden terminal problem, each node x should determine Um(x) defined as the set of time slots used on schm by all nodes

which are expected to be within the two-hop neighborhood of node x on schm. This set represents the time slots that node x cannot use

on schm, and will be used by the provider to assign time slots to nodes without causing any hidden terminal problem.When node x

receives a packet on the cch from another node y indicating that sch(y) = m, if y2 Nm(x), node x adds to Um(x) the time slots used by

each node j2 Nm(y); otherwise, node x does not update Um(x).
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When a provider (R) has a service to offer on ansch, it announces the following information in the AnS field of the next

packet transmitted on the cch: priority of the service, address (es) of the intended user(s), provider’s main slot, and the sch on which

the service will be offered. Based on the information announced by provider R on the cch, each node x2 Ncch(R) determines whether

or not to make use of the announced service.

Fig.2 Slot Release Prevention Condition---Prevent Node x Unnecessary Time Slot Release

If node x decides to use the service by provider R on schm, it transmits the following information in the ACS field of the next

packet transmitted on the cch: Um(x), address of provider R, and the number of time slots that node x needs. Once node x indicates its

acceptance of the service, it tunes transceiver2 to schm and waits for the time slot assignment transmitted on the provider’s main slot.

F.  MULTI-HOP BROADCAST SERVICES

Efficient multi-hop broad- cast service presented for ADHOC MAC directly supported by VeMAC on channel. Node x
transmits a broadcast packet on channel c; this packet needs to propagate throughout whole network. For each node which receives the
broadcast packet as the set of one-hop neighbors of node i which did not receive the packet broadcast by node x.

Suppose node x is just powered on and needs to acquire a time slot on the cch. Node x starts listening to the cch for one
complete frame. At the end of this frame, node x can determine Ncch(x) and the time slot used by each node i 2 Ncch(x). In addition,
since each i 2 Ncch(x) announces Ncch(i) and the time slot used by each j 2 Ncch(i), node x can determine the time slot used by each
of its two hop neighbors, j 2 Ncch(i); j =2 Ncch(x), 8i 2 Ncch(x). Hence, by listening to one complete frame, node x can determine the
set of time slots used by all nodes within its two-hop neighborhood, denoted by Ucch(x). This set represents the time slots that node x
cannot use on the cch, in order to avoid any hidden terminal problem. Given Ucch(x), node x determines the set of accessible time
slots Vcch(x) (to be discussed) and then attempts to acquire a time slot by randomly accessing any time slot in Vcch(x), say time slot
k. If no other node in the two-hop neighborhood of node x attempts to acquire time slot k, then no access collision happens. In this
case, the attempt of node x is successful and all nodes i 2 Ncch(x) add node x to the sets Ncch(i) and record that node x is using time
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slot k.
When node I receives the broadcast packet from node x listens to channel for successive time slots. At the end of this

duration node I determine the sets N (j). Node i relays the packet if none of the previous three conditions is satisfied. By using this
relaying procedure in most cases minimum set of relaying nodes needed to cover the whole network is selected.

IV. PERFORMANCE RESULTS AND DISCUSSION

The performances of FPRP and the proposed I-FPRP are simulated and compared. A new simulation methodology is adopted
to eliminate the artificial “boundary effect” that occurs in simulations of finite-sized networks.

The performance of the protocols will be investigated from various aspects by changing the network parameters and protocol
parameters. The performance measurement metrics are listed below,
 Protocol Overhead
 Packet Delay
 Gain Factor
 Reservation Cycles
 Number of nodes

Fig.3 FPRP of Packet Arrival Rate and Reservation Cycle

Fig.3 shows I-FPRP adds extra reserved cycles in the remaining slots. Because nodes can contend for the second slot, with

the increase of R4, the reservation cycleswill increase as a logarithm function. Although extra reserved cycles do not lead to increased

time delay because the RF frame includes a constant RC number in each slot, they do result in more power consumption.

Fig.4 FPRP of Packet Arrival Rate and Contention Fairness
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Fig.4 indicates that the failure ratio increases when either the traffic load, second contention probability R4, or transmission

range R increases.

V. CONCLUSION

The contention-based reservation mechanism in FPRP and showed that slots are not fully utilized because nodes can only
contend for one slot in an information frame. An improved contention access mechanism based on a pseudo-Bayesian broadcast
algorithm was subsequently proposed to allow nodes to contend for more slots with certain probabilities related to their traffic
demands. Theoretical and simulation results show that the proposed mechanism can significantly improve the overall slot utilization
and hence the throughput of MANETs, especially for networks with low spatial node densities. More importantly, such an
improvement is achieved with an acceptable increase in the signaling overhead and a marginal and manageable deterioration to the
overall user fairness. We conclude that the proposed I-FPRP makes a promising improvement to FPRP for high-throughput
applications.
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Abstract- Modern industries are using CAD models for the accurately representation of geometry for
designing and manufacturing of turbines. The CAD model provide a more realistic analysis of
performance of the product, this task included dimensional measurement and geometric modeling. This
paper presented the procedure for how to achieve CAD model of turbine blade.  The method discussed
here is the latest profile developed for blades involves regularization and curve fittings using Bazier and
B-spline curve generation . Weighting coefficients and nurbs are used for curvature surface of the model.
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I INTRODUCTION

Turbine blade playas main role in absorbing the energy from the dynamics of fluid and converted into
mechanical energy. These Blades are fabricated in the desired size and shape and assembled in a straight line or
annular according to the designing of cascade. The designating of cascade is based on the database which
contains a set of turbine cascades with their geometry and operating conditions. In general, there are two methods
for blade profile design i.e. inverse method, and direct method. The inverse design is faster because it is based on
the two-dimensional flow analysis to form the airfoil according to the airfoil pressure profile. However, the
location of the profile control points is difficult to control and numbers of arcs are generally large. This makes it
difficult to use the same curve definition routine for design and manufacturing. On the other hand, direct design
may require more time in the aerodynamic design process, but can generate more accurate designs in the
manufacturing process. In turbulent flow analysis is needed to evaluate the blade performance.

II. BLADE PROFILE
A turbo machine blade is usually a cantilever beam or plate is tapered and twisted with an airfoil cross-section.
Typically a turbo machine has several stages, each stage with a stator and rotor. The function of stator is to guide
the flow medium at an appropriate entry angle into rotor blades. The rotor blades are mounted on a disc at a
stagger angle to the machine axis and they convert the thermal energy into mechanical energy in turbine. In
turbine steam enters at high pressure and temperature in the first stage and expands while passing through the
several stages before it is let out from the last Stage with low temperature and pressure after extracting as much as
thermal energy as possible. Shape of the turbine is frustum conical type, small blades are assembled in first stage
then size of blade increases progressively. Hence, the short blades in high pressure have high frequency to
progressively lower up to the last stage long blades. The initial stages of the blades are designed with a variable
degree of reaction. The design of these integrally shrouded blades results in an elastically pre-stressed blade ring
after assembly that is characterized by an excellent damping behavior during operation. This robust and proven
blade construction through long experience converts highly efficient three-dimensional airfoil designs. Within the
blade path section interlocking labyrinth seals are applied. Since the overall efficiency of steam turbine power
plants is very strongly related to the turbine blading performance, it is necessary to design each turbine blade path
individually. It is very cumbersome method of design and can be easily achieved through application of
Computer Aided Design (CAD).

CAD is very popular among the manufacturers due to many advantages like CAD has ability to create fast
designing to meet today’s tight design lead times. We can do fast modifications in developed parts in order to
match the desired efficiency and performance levels in each particular application.

Developing the blades with CAD facilitate a highly standardized and flexible blading technology. This is
essentially based upon the latest generation of highly efficient fully three-dimensional blading with compound
lean and variable stage reaction. However, since not only the technology but also the quality and speed of the
design process decide whether the overall performance and lead time requirements are met, the entire blade path
design process has been automated within a very powerful design system. Design automation enables more
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design cycles in a given time and hence leads to a much more efficient design process reaching a better optimum
in a shorter period of time. Thus, from this automation significant cost and time savings due to accelerated and
robust processes can be achieved, while at the same time a contract specific bladepath. design with optimum
efficiencies is delivered to the customer. Different to the other elements of the steam turbine, the primary goal of
standardization with regard to HP/IP blading has been to standardize the “way to the product” instead of the
product itself. By using CAD we can create modular concept of bladepath construction from standard and proven
elements (e.g. airfoils, roots, grooves, shrouds, extractions, locking devices). The composition of a single blade
from root, shroud and airfoil is demonstrated.

By assembly of each element with different types of another element exist for the various applications, so we may
analysis of each type to measure  advantages and disadvantages with respect to performance, mechanics and
costs. Within the modular concept all these different types may be combined freely to give an optimum blade for
the specific design boundary conditions such as aerodynamics, forces, materials and temperatures. Hence,
cylindrical, twisted or bowed airfoils can be assembled with any of the roots or shrouds.

A. Shape of blade profile: The shape of a blade profile is function of a velocity triangle and an aerodynamic
calculation. The shape of the blade profile must be defined through a suitable method with considering
manufacturing point of view. It is very conveniently obtained through CAD systems by using vector graphic,
because machine-tools are able to work with these inputs directly. Before determining CAD procedure for blade
let we understand the geometry of the blade profile. The blade position inside the blade row is described by a
few geometrically and aerodynamically angles, The geometrically parameters of the blade row has variable
influence on their function. When we change the angle of blade profile inside blade row in the steam turbine it
will affect the change of momentum of a jet of steam flowing over a curved vane. The steam jet, in moving over
the curved surface of the blade, exerts a pressure on the blade owing to its centrifugal force. This centrifugal
pressure is exerted normal to the blade surface and acts along the whole length of the blade.  The resultant of
these centrifugal pressures, plus the effect of change of velocity, is the motive force on the blade. Blade profile
is made of airfoil by using aerodynamic properties and shape defined by mean camber line.

Description of the profile curves are shown in the figure.
As indicated in the fig.  m is the maximum camber; p is the position of maximum camber; κ1, κ2 are the angles
of the mean camber line (on the leading edge and the trailing edge the camber); c is the length of the chord line;
s is the pitch. The blade profiles are generated by performing experiments   on various blade profiles by
changing their angles. The shape of the mean camber line usually has a shape of the circle, parabolic ,others
geometric fundamentals curves   or combination of two curves connected in the maximum camber point through
together tangent. The terms and the signs of the blade profile geometry can be various. It depends on convention
applied in the country. Therefore it is necessary wrote this convention with the descriptions of the shape of the
blade profile. Here are used the terms and the sings by that are usually Fundamental geometric and aerodynamic
angles of blade profiles are mentioned these are as shown in following figure
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Y is angle of blade profile inside a blade row; α1L is the blade inlet angle; α2L is the blade exit angle; i is the
angle of attack (incidence); δ is the angle of deviation; ε is the angle of camber of flow; w1 the velocity of
attack; w2 Others system of the angles be can use, for example the systems, which are shown in leaving velocity
parameters (total pressure loss coefficient, exit flow angle, deviation angle).The pitch of a blade cascade is
design from an appropriate density of the blade rows: Density of the blade row and comparative pitch is shown
below

Creating Geometry and aerodynamic characteristics of blade rows The design approach is based on the
definition of the cascade by the parameters with their geometry and operating conditions. That forms the
artificial intelligence technique. For the geometrical representation of a Turbomachinery cascade a Bezier curve
based approach has been used. The geometry of the Turbomachinery cascade is then completed by adding the
pitch/chord ratio. The independent variables that define the cascade geometry are sixteen in total. These
quantities will be the output values for the CAD. For each turbine cascade the database contains the above set of
quantities for the geometrical representation, the operating conditions (inlet flow angle, exit Mach number) and
the performance B- spline representation for heterogeneous representation for homogeneous object :ensor
product solid representation has been widely used in CAD geometry design community.

III BLADE GEOMETRY
The geometry of a turbine profile with specified performance is generated with an innovative inverse design
technique or direct design, based on  total sixteen independent variables and are in a Cascade . These Variables
are many dependent and independent variables. Important  variables are Reynolds no., Mach number, Pitch
chord ratio, Aspect Ratio, Blade Geometry and profile, Boundary layer and degree of  turbulence, incidence. All
these parameters have a broad range of variations , so a finite test program is obvious impossible.  In the
development or design of blade row some parameters are fixed by the given conditions and  others parameters
have   marginal effect. Therefore, the variables involved can be reduced to a more practical and manageable
member. In this paper our main focus will be concentrated on the blade geometry and profile. In the
development of the blades mainly study the effect of blade profiles is important for the performance. In the
Profile effects of leading and trailing edge shapes are important in designing of blades because of the high
stresses in the blade are influenced by these factors.

The CAD is using the data stored in the database and then developed cascade geometry based on sixteen output
values with a given in performance (total pressure loss coefficient, exit flow angle) during specified operating
conditions.
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In order to guarantee a homogeneous set of performance data in the database, the aerodynamic performance
stored in the database for all the cascade configurations have been computed using the same Navier-Stokes
method (with the same mesh density) that was also implemented into the optimisation procedure.

The additional set of cascades from the open literature have been geometrically parameterised using the same
Bezier approach previously described. In order to obtain the set of geometrical parameters (fifteen) for the
aerodynamic profile from the Cartesian co-ordinates available, an optimization technique has been set up as
sketched The set of variables for the Bezier representation of a given reference profile are obtained by
minimizing the distance between the co-ordinates of the actual profile and the reference co-ordinates. In the
reference co-ordinates and the Bezier representation of the staggered turbine

To improve internal efficiency of steam turbines, reduced root diameter and increased number of stages is one
of the important strategies for design. In order to accomplish this, optimization of parameters such as stage
number, blade root diameter and the degree of reaction are required. After careful selection of optimized points,
the combination of stage number and the degree of reaction that gives highest turbine efficiency is used for
design.

Contour lines represent the distribution of turbine efficiency and it is clear that peak of efficiency exists at
certain combinations of stage number and degree of reaction.

To maximize efficiency, it is important that as many stages as possible are used in retrofit turbine within the
limited bearing span. Deciding stages in the turbine efficiently is very easy by using CAD technology as an
example before retrofit, the HP section was comprised of 6 stages. As a result of applying the improved design
with the help of CAD, number of stages in HP section is increased to 11 stages after retrofit.
The IP section was comprised of 4 stages before retrofit. Due to the midpoint extraction, there was some
restriction to increase the number of stages. However, by applying the latest CAD technology and improved
design, it is possible to add two additional stages. In this case, one stage upstream and one stage downstream are
added to maintain extraction pressure. Hence, after retrofit, number of stages in IP section is increased to 6
stages.
As a result of the optimized steam path design, following features are achieved for performance improvement:
1) Increased number of stages with increased stage reaction, reduced nozzle exit velocity and blade turning
angle,
2) Higher aspect ratio blade and reduced root diameter resulting in reduced end-wall and leakage loss.
3) Axial entry dovetail design reduces the blade axial length to allow increased number of stages.

VI DESIGN OPTIMIZATION
3d blade design using CAD has been introduced to improve efficiency and minimize incident losses. We can
develop steam turbine blade of optimised size base on the analysis using CAD softwares. An optimization of
reaction blade design in the turbine stages is to make blade lengths comparatively smaller and to optimize
degree of reaction, number of stages and blade root diameters. At the last stages upstream of fixed design LP
stages. When the blade become longer and longer, the difference in ratio between flow velocity and blade
rotating speed at hub and tip diameter respectively, becomes larger and larger.  Thus the velocity vectors over
the blade length change dramatically and it is no longer possible to find an optimized blade with a straight
profile. With twisted  3D profile over the length of the blade, incident angles can be kept constant, thus avoiding
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the corresponding incident losses. Additional effects are achieved in the shroud sealing, where the twisted blade
profile gives a stronger support for the integral shroud plate, and an additional number of seal strips can be used
to decrease the leakage losses still further. In addition, robust design on the bucket leading edge configuration
based on statistical theory of design of experiment was carried out. As a result, it was observed that by
optimizing the pitch-chord ratio, number of moving blade can be reduced by three-dimensional stage flow
analysis. It can be observed that total pressure loss of cascade for optimized reaction blade decreases along
almost the entire flow path. Also, it can be seen that the optimized profile reduces total pressure loss
downstream from the trailing edge.  The curve and surface of turbine blade in general have a Bezier or a B-
spline curve representation. B-spline curve is applied for the blade simply to shorten the computational time.
There is no technical difficulty to extend the methodology to nurbs volume.

VARIATION OF GEOMETRY SHAPE AFTER APPLYING LOADS.

RESULTS OF FEM USING ANSYS
Structural analysis
Material Stainless Steel
Stress 339.07
displacement 0.147608
Thermal analysis
Temperature 533
Thermal
gradient

715.055

Thermal flux 11.727

Finite element results for free standing blades give a complete picture of structural characteristics, which can
utilized for the improvement in the design and optimization of the operating conditions. Initially a Study on
different materials performed to choose best for the optimized turbine blade.
The results of Testing of Different materials for turbine blade suggested best material as using cast iron with
partially stabilized zirconium coating is more beneficial than previous materials, due to low stress displacement,
good thermal strength, low cost and easy to manufacture.

V CONCLUSION
The blade with complicated airfoil construction is benefited designed by CAD technology which is allow the
airfoil shape to be enhanced to the varying steam conditions between the base and tip of the blade. This design is
a considerable advantage over the previous generation of the typical parallel-sided airfoil. In shorter blades,
relatively large end-wall losses occur at the hub and shroud (secondary losses). Bowing the blades at the hub and
shroud boundary improves the flow conditions at the end walls and minimizes losses. Longer blades are of
twisted design depending on the hub-to-tip ratio, whereby each profile section is adapted to suit the local inlet and
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exit angle conditions. The blade profiles themselves have also been improved using numerical optimization
methods to provide better flow and strength properties.
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Abstract-- Cloud computing and its model for IT services based on the internet and big data centers, the outsourcing of
data and computing services .A company (data owner) lacking in expertise or computational resources can outsource its
mining needs to a third party service provider (server). However, both the items and the association rules of the
outsourced database are considered private property of the corporation (data owner). To protect corporate privacy, the
data owner transforms its data and ships it to the server, sends mining queries to the server, and recovers the true
patterns from the extracted patterns received from the server. The problem of outsourcing the association rule mining
task within a business privacy-preserving framework. The comprehensive experiments on a very large and real
transaction database demonstrate that our techniques are effective, scalable, and keep privacy.

Index terms-- K-privacy, Privacy preserving, Outsourcing, Homomorphic Encryption, Association Rule Mining.

I . INTRODUCTION

Extraction of hidden predictive information from the large database is a new emerging technology in data mining. Data
mining is the process of analyze data from dissimilar perspective and summarizing it into useful information that can be used to
enlarge proceeds, cuts costs, or both. Data mining software is one of a number of analytical tools for analyzing data. It allows
users to analyze data from many different extent or angles, classify it, and review the dealings identified. The actual data mining
task is the automatic or semi-automatic analysis of large quantity of data to remove previously unknown interesting patterns such
as groups of data records, unusual records    and dependency.

This usually involves using database techniques such as spatial indices. These patterns can then be seen as a kind of
summary of the input data, and may be used in further analysis or, for example, in machine learning and predictive analytics.
results by a decision support system. In general, association rule mining is mostly used for market analysis applications.

II . PRIVACY PRESERVING SECURITY

Data mining is special technical term related with the discovery of new and interesting pattern of data from large data
sets. The extraction of hidden predictive information from large databases is a new emerging technology having the huge
potential for the help of companies to focus on the important information in the data warehouse. The tools of data mining
predicts the future trends and behaviors. This future trends and behavior allow the businesses to make proactive analysis and
decision making for the growth of different aspects of the companies. This data mining automates the system to search the
relevant information from the databases of data warehouse of the given enterprise which maintains the data warehouse. The data
mining tools can answer the business questions which are traditionally very complicated task and take too much time to analyze
and produce the result. Most of the companies already collect and refine huge quantities of data.

A. Security

Data mining is the process of posing a series of proper queries to extract information from large quantities of data in the
database. Data mining techniques can be functional to handle problems in database security. On the other hand, data mining
techniques can also be employed to cause security problems. Data mining techniques include those based on rough sets,
inductive logic programming, machine learning, and neural networks, among others. Essentially one arrives at some hypothesis,
which is the information extracted, from examples and patterns observed. These patterns are observed from posing a series of
queries; each query may depend on the response obtained to the previous queries posed.
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B. Issues

The main model here is that private data is collected from a number of sources by a collector for the purpose of
consolidating the data and conducting mining. The collector is not trusted with protecting the privacy, so data are subjected to a
random perturbation as it is collected. Techniques have been developed for perturbing the data so as to preserve privacy while
ensuring the mined patterns or other analytical properties are sufficiently close to the patterns mined from original data. This
body of work was pioneered by and has been followed up by several papers since. This approach is not suited for corporate
privacy, in that some analytical properties are disclosed.

Another related issue is secure multiparty mining over distributed datasets. Data on which mining is to be performed is
partitioned, horizontally or vertically, and distributed among several parties. The partitioned data cannot be shared and must
remain private but the results of mining on the union of the data are shared among the participants, by means of multiparty
secure protocols. It do not consider third parties. This approach partially implements corporate privacy, as local databases are
kept private, but it is too weak for our outsourcing problem, as the resulting patterns are disclosed to multiple parties.

C. Privacy Preserving In Data mining

Some people consider that data mining itself is ethically neutral. While the term "data mining" has no ethical
implications, it is often associated with the mining of information in relation to peoples' behavior. To be precise, data mining is a
arithmetical method that is applied to a set of information (i.e., a data set). associate these data sets with people is an extreme
narrowing of the types of data that are available. Examples could range from a set of crash test data for customer vehicles, to the
performance of a group of stocks. These types of data sets make up a great proportion of the information available to be acted on
by data mining methods, and rarely have ethical concerns associated with them. However, the ways in which data mining can be
used can in some cases and context raise questions regarding privacy, legality, and ethics. In particular, data mining government
or commercial data sets for national security or law enforcement purposes, such as in the Total Information Awareness Program
or in ADVISE, has raised privacy concerns.

III . HOMOMORPHIC ENCRYPTION

Homomorphic encryption is a form of encryption which allows specific types of computations to be carried out
on ciphertext and obtain an encrypted result which decrypted matches the result of operations performed on the plaintext. For
instance, one person could add two encrypted numbers and then another person could decrypt the result, without either of them
being able to find the value of the individual numbers.Using such a scheme, any circuit can be homomorphically evaluated,
effectively allowing the construction of programs which may be run on encryptions of their inputs to produce an encryption of
their output. Since such a program never decrypts its input, it can be run by an untrusted party without revealing its inputs and
internal state. The existence of an efficient and fully homomorphic cryptosystem would have great practical implications in the
outsourcing of private computations, for instance, in the context of cloud computing.

The "homomorphic" part of a fully homomorphic encryption scheme can also be described in terms of category theory.
If C is the category whose objects are integers (i.e., finite streams of data) and whose morphisms are computable functions, then
(ideally) a fully homomorphic encryption scheme elevates an encryption function to a function from C to itself.

The utility of fully homomorphic encryption has been long recognized. The problem of constructing such a scheme was
first proposed within a year of the development of RSA. A solution proved more elusive; for more than 30 years, it was unclear
whether fully homomorphic encryption was even possible. During this period, the best result was the cryptosystem which
supports evaluation of an unlimited number of addition operations but at most one multiplication.
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Fig 1.1 Architecture Diagram

IV   . RESULT
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A. Dataset Collection and Encryption

A dataset (or data set) is a collection of data. Dataset is collected from Belgium trade market dataset. It contains the
retail market basket data from an unidentified Belgian retail store. The data are provided ’as is’. Basically, any use of the data is
allowed as long as the proper acceptance is provided and a copy of the work is provided.

B. Grouping Items For K-Privacy

Given the items support table, several strategy can be adopted to cluster the items into groups of size k. To start from a
simple grouping method. To assume the item support table is sorted in descending order of support and refer to cipher items in
this order as e1,e2, etc.

Grouping = Maximum support value – Minimum support value / No.of. groups
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C. Constructing Fake Transactions

To add fake transactions for each and every transaction with the original transactional data.  It will be in the form of
noise.

D. Decryption

When the client requests the effecting of a pattern pulling out query to the server, then the server will provide the exact
true patterns.

V .CONCLUSION

Security issues of the data-mining as- a-service paradigm. One of the main security issues is that the server has access
to valuable data of the owner and may learn sensitive information from it. For example, by looking at the transactions, the server
(or an intruder who gains access to the server) can learn which items are always copurchased. However, both the transactions and
the mined patterns are the property of the data owner and should remain safe from the server.

Homomorphic Encryption scheme based association rule mining when new data is added to the transactional database,
encryption schema was performed by whole data. Improve the security of the system by modifying the existing encryption
schema. And, to reduce the time complexity by using this scheme then develop the encryption scheme which enables more
security  of the cloud outsourcing data in the  transaction database. Analysis the encryption scheme   to  achieve the provable
privacy guarantee of outsourced transaction database.
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Abstract— The computational grid is a new parallel and distributed computing paradigm that
provides resources for large scientific computing applications. It typically consists of heterogeneous
resources such as clusters that may reside in different administrative domains, be subject to different
access policies and be connected by networks with widely varying performance characteristics. Many
researchers have been proposed numerous scheduling and load balancing techniques for locally
distributed multiprocessor systems. However, they suffer from significant deficiencies when extended to
a grid environment. Computational grids have the potential for solving large-scale scientific computing
applications. The main techniques that are most suitable to cope with the dynamic nature of the grid are
the effective utilization of grid resources and the distribution of application load among multiple
resources in a grid environment. In this paper contain short literature study on generic load balancing
model, load balancing policies and propose scheduling and load balancing approach.

Keywords: Grid computing, load balancer, Response Time

I. Introduction
The rapid development in computing resources has enhanced the performance of computers and

reduced their costs. This availability of low cost powerful computers coupled with the popularity of the Internet
and high-speed networks has led the computing environment to be mapped from distributed to Grid
environments. In fact, recent researches on computing architectures are allowed the emergence of a new
computing paradigm known as Grid computing. Grid is a type of distributed system which supports the sharing
and coordinated use of geographically distributed and multi owner resources, independently from their physical
type and location, in dynamic virtual organizations that share the same goal of solving large-scale applications.
In order to fulfill the user expectations in terms of performance and efficiency, the Grid system needs efficient
load balancing algorithms for the distribution of tasks. A load balancing algorithm attempts to improve the
response time of user’s submitted applications by ensuring maximal utilization of available resources. The main
goal is to prevent, if possible, the condition where some processors are overloaded with a set of tasks while
others are lightly loaded or even idle [2].  Although load balancing problem in conventional distributed systems
has been intensively studied, new challenges in Grid computing still make it an interesting topic and many
research projects are under way. This is due to the characteristics of Grid computing and the complex nature of
the problem itself. Load balancing algorithms in classical distributed systems, which usually run on
homogeneous and dedicated resources, cannot work well in the Grid architectures. Load balancing involves
assigning job to a resource proportional to its performance, thereby minimizing the response time of a job.
However, there are wide varieties of issues that need to be considered for a heterogeneous grid environment. For
example, processing capacities of the resources may differ and their usable capacities may vary according to the
load imposed upon them. Further, in grid computing, as resources are distributed in multiple domains in the
Internet, not only the computational nodes but also the underlying network connecting them are heterogeneous.
Therefore, in the grid environment it is essential to consider the impact of various dynamic characteristics on the
design and analysis of scheduling and load balancing algorithms. Due to uneven job arrival patterns and unequal
computing capacities, one resource may be overloaded while others may be underutilized. It is therefore
desirable to dispatch jobs to idle or lightly loaded resources to achieve better resource utilization and reduce the
mean job response time. The strategy proposed here is to perform scheduling and balancing the application load
in the grid environment by taking resource heterogeneity, communication delay and network heterogeneity into
consideration.
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II. Literature Review
Previous related work [2] addresses the problem of scheduling and load balancing in a grid architecture

where computational resources are dispersed in different administrative domains or clusters which are connected
to the grid scheduler by means of heterogeneous communication bandwidths is considered.  In this reference
[14], the problem of transferring files that are generated during the execution of DAG workflows with
interdependent tasks is addressed. The ineffectiveness of advanced file-transfer techniques in these cases is
discussed, and a heuristic is proposed for dealing with the scheduling of interdependent and independent tasks
that arrive on-line to be processes by grid infrastructure. The Best File-Transfer Time (BFTT) heuristic is
proposed in this study as a means to circumventing the problem of reducing the time spent for transferring data
files among different resources in the grid, while still ensuring good performance and/or good load balance
among the resources. In addition, BFTT is implemented in this work in conjunction with the OLB algorithm,
and a few tests for verifying its results are performed and discussed. One of the main load balancing methods
mentioned in the reference [7] is dynamic decentralized approach. This approach considers the run time
environment before distributing the jobs among the nodes of the grid. The dynamic decentralized approach is
preferred because elements of the grid may vary in capacity or number during runtime and also be
heterogeneous in nature giving rise to different loading conditions. In this paper we compare the different load
balancing algorithms for the grid based on various metrics like communication overhead, load balancing time,
scalability, fault tolerance, reliability and stability. [13]The GridSim toolkit provides a comprehensive facility
for simulation of different classes of heterogeneous resources, users, applications, resource brokers, and
schedulers. It can be used to simulate application schedulers for single or multiple administrative domains
distributed computing systems such as clusters and Grids. Application schedulers in the Grid environment,
called resource brokers, perform resource discovery, selection, and aggregation of a diverse set of distributed
resources for an individual user. This means that each user has his or her own private resource broker and hence
it can be targeted to optimize for the requirements and objectives of its owner. In contrast, schedulers, managing
resources such as clusters in a single administrative domain, have complete control over the policy used for
allocation of resources. This means that all users need to submit their jobs to the central scheduler, which can be
targeted to perform global optimization such as higher system utilization and overall user satisfaction depending
on resource allocation policy or optimize for high priority users.

III. Load Balancing In Grid Environment

A. Grid Topology

This is topological structure for a Grid computing Grid computing is a finite set of G clusters Ck,
interconnected by gates gtk, k belongs to {0, ...,G − 1}, where each cluster contains one or more sites Sjk
interconnected by switches SWjk and every site contains some Computing Elements CEijk and some Storage
Elements SEijk, interconnected by a local area network[1].  This model is based on an incremental tree. First,
for each site it creates a two-level subtree. The leaves of this subtree correspond to the computing elements of a
site, and the root is a virtual node associated to the site. These sub trees, that correspond to sites of a cluster, are
then aggregated to form a three-level sub-tree.

Figure 1: Grid Topology [1]
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B. Load Balancing Policies
PoliciesLoad balancing algorithms can be defined by their implementation of the following policies [5]:
• Information policy: specifies what workload information to be collected, when it is to be collected and from
where.
• Triggering policy: determines the appropriate period to start a load balancing operation.
• Resource type policy: classifies a resource as server or receiver of tasks according to its availability status.
• Location policy: uses the results of the resource type policy to find a suitable partner for a server or receiver.
• Selection policy: defines the tasks that should be migrated from overloaded resources (source) to most idle
resources (receiver).
The main objective of load balancing methods is to speed up the execution of applications on resources whose
workload varies at run time in unpredictable way. Hence, it is significant to define metrics to measure the
resource workload. Every dynamic load balancing method must estimate the timely workload information of
each resource. This is key information in a load balancing system where responses are given to following
questions:
• How to measure resource workload?
• What criteria are retaining to define this workload?
• How to avoid the negative effects of resources dynamicity on the workload; and,
• How to take into account the resources heterogeneity in order to obtain an instantaneous average workload
representative of the system? Several load indices have been proposed in the literature, like CPU queue length,
average CPU queue length, CPU utilization, etc. The success of a load balancing algorithm depends from
stability of the number of messages (small overhead), support environment, low cost update of the workload,
and short mean response time which is a significant measurement for a user. It is also essential to measure the
communication cost induced by a load balancing operation.

III. Proposed System
In grid environments, the shared resources are dynamic in nature, which in turn affects application

performance. Workload and resource management are two essential functions provided at the service level of
the Grid software infrastructure. To improve the global throughput of these environments, effective and efficient
load balancing algorithms are fundamentally important.  Load Balancing is one of the most important factors
which can affect the performance of the grid application. All Load Balancing algorithms implement five
policies. The efficient implementation of these policies decides overall performance of Load Balancing
algorithm. The main objective of this thesis is to propose an efficient Load Balancing Algorithm for Grid
environment. Main difference between existing Load Balancing algorithm and proposed Load Balancing is in
implementation of two policies: Triggering Policy and Selection Policy. For implementation of Triggering
Policy all existing Load Balancing algorithm use periodic approach, which is time consuming. The proposed
approach uses activity based approach for implementing Triggering policy. For implementation of Selection
Policy Proposed algorithm uses Job length as a parameter, which can be used more reliably to make decision
about selection of job for migration from heavily loaded node to lightly loaded node.

IV. Experimental Environment

A. GridSim Simulation ToolKit

The simulation was carried out on the excellent grid simulation toolkit GridSim ToolKit 5.0 [13] which allows
modeling and simulation of entities in grid computing systems-users, applications, resources, and resource load
balancers for design and evaluation of load balancing algorithms. A heterogeneous grid environment by using
various resource specifications was built. It proposes the method of creating a user job and different types of
heterogeneous resources. The resources differ in their operating system type, CPU speed, RAM memory, MIPS
rating.
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Fig. 2 GridSim Resource Hierarchy

In GridSim, application jobs are modeled as Gridlet objects that contains all information related to the job and
the execution management. Details of the available Grid resources are obtained from Grid Information Service
(GIS) entity that keeps track of the resources available in the grid environment. The experimental environment
consisting of hierarchy of resources used for the evaluation of proposed algorithm is shown in figure 2. A grid
resource (GS) maintains information about machines (LS) and each machine contains PEs running at different
speeds.
B. Simulation Result
Number of grid resource, number of machine, number of processing element and MIPS is provide as a input to
module 1 as shown in Figure 3.

Figure 3 : Grid Implementation Input Frame

Gridlet/Tasks Creation
 Gridsim provide facility to create various tasks
 The tasks has various characteristics..

 Gridlet id
  Length
  File size
  Output size

GridletDataStorage class is used for creating various tasks and creating number of users. In Figure 4. show the
result of creating gridlet or tasks and users.
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Figure 4: Result of creating gridlet and user

Here 8 Gridlets and 3 Grid users are created and each gridlet assign their properties. Tasks are randomly
generated and divide among the resources and simulate by using gridsim simulator toolkit.

Figure 5: Image of creating grid Resource

In this image number of grid resource are created with properties and priority and store into machine list. Each
grid resource having number of machines, PEs and MIPS is assign and each resource having different properties
associated with it.

Figure 6: Image of Tasks Scheduling
In this image show that the number of tasks are assigned to resource with length of that tasks.

C. Performance Parameter

The following metrics were selected to evaluate the performance of the proposed model:

 Average Response Time: Response time rj of job j is the time period from the job arrival to the
completion time of the job. i.e., the time spent in the resource queue plus the job service (execution)
time.

      The Average response time ART:

             ART=1/N
            Where, N is the total number of processed jobs.
Here Average response time is used for analyze the system performance before load balancing or no load
balancing and after load balancing by using proposed load balancing algorithm. Number of samples is collected
by performing the simulation number of times and note down the Average response time, before load balancing
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and after load balancing the system load.  All time units are in milliseconds so the performance metrics are also
measured in milliseconds.

Table 1: Average Response Time

Figure 7: ART versus No. of Tasks

In the simulation, it is observed that Average response time with no load balancing is much higher than load
balancing with proposed algorithm.

V. Conclusion

The proposed load balancing model takes into account the heterogeneity of the computational and network
resources. i.e., the resources are with different processing capacity and network bandwidth. The load balancing
policies at various levels of hierarchy are proposed to optimize various performance metrics. This thesis focuses
on load balancing and presents factors due to which load balancing is initiated, and finally proposes an efficient
load balancing algorithm for Grid environment.
Some of the limitations of this work and present some possible directions for future research. In this work, we
assume that there is no precedence constraint among different jobs or different tasks of a job. Usually, the jobs
are independent of each other in the grid, but different tasks of a job may have some precedence constraints.
Hence, it is an interesting direction for future research. Such dependencies will not only make the problem
extremely difficult to solve, but would also require estimating a very large number of parameters. In future we
should also consider some fault tolerant measures to increase the reliability of our algorithm.
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Abstract - Control chart are widely used to establish and maintain statistical control of a process. In other 

words it is a tool used to monitor the processes and to assure that they remain "in control" or stable. 

The  ̅ control chart is preferred most in comparison to any other control chart technique if quality is 

measured on a regular scale. The design of a control chart involves the selection of the parameters like 

sample size (n), sampling interval (h), and control limits width (L). The design of a control chart also has 

an economic aspect as it involves the costs of sampling, inspection, checking for out of control signals, and 

cost of non-conforming units reaching the consumer. Economic-statistical design is basically a 

combination of economic and statistical design of control chart. In this type of design, the total cost of 

maintaining the control chart need to be minimized and at the same time Type-I and Type-II errors are 

not allowed to exceed their permissible level. In the present work, a genetic algorithm has been developed 

for the economic design of the  ̅ control chart (ESDCC-GA) under uniform and non-uniform sampling 

interval that gives the optimum values of the sample size, sampling interval and width of control limits 

such that the expected total cost per hour (ECT) is minimized. The results obtained are found to be better 

compared to that reported in the literature. 

Keywords - Control chart, economic statistical design, expected cost per hour, genetic algorithm. 

 

I. INTRODUCTION 

ISO, an international body for formulating standards, has defined quality as degree to which a set of inherent 
characteristics fulfils requirements. Degree refers to a level to which a product or service satisfies. So, depending 
upon the level of satisfaction, a product may be termed as excellent, good or poor quality product. Inherent 
characteristics are those features that are a part of the product and are responsible to achieve satisfaction. 
Requirements refer to the needs of customer, needs of organization and those of other interested parties (e.g. 
regulatory bodies, suppliers, employees, community and environment) or it is the expectations that may be stated, 
generally implied or obligatory (ISO 1802:1994).  

Improving the quality of the output is a major factor for a successful and competitive business in the market. 
Statistical process control (SPC) is one of the best technical tools for improving product and service quality. SPC 
consists of methods for understanding, monitoring and improving process performance over time (Woodall, 
2000). It is now realized that SPC is not just a collection of techniques, but a way of thinking about quality 
improvement, and it is regarded in many organizations as an important element of Total Quality Management 
(Caulcutt, 1995). 

Control chart is one of the widely used statistical process control tools. It is used to statistically monitor the 
process through sampling inspection instead of 100% inspection. It only indicates whether the process is in-
control or out-of-control but it cannot on its own rectify the process. It presents a graphic display of process 
stability or instability over time. One goal of using a control chart is to achieve and maintain process stability. 
Process stability is defined as a state in which a process has displayed a certain degree of consistency in the past 
and is expected to continue to do so in the future. This consistency is characterized by a stream of data falling 
within control limits based on plus or minus 3 standard deviations (3 sigma) of the centerline. (Hachicha and 
Ghorbel, 2012) 
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The main aim behind the idea of control charts is the need for perfection and elimination of non-conforming 
products. Control chart helps to differentiate between the inherent variation in a process and variation due to 
assignable causes. The inherent variation in a process is background noise due to several small unavoidable 
causes. Assignable causes are considerably larger fluctuations when compared to the background noise. Variation 
from an assignable cause can only be removed from the process through human intervention (Juran and Godfrey, 
1998). 

Control charts are classified by the type of quality characteristic they are supposed to monitor. Control charts 
can be broadly classified as control charts for variables and control charts for attributes. 

One of the first control charts to receive attention is the  ̅ chart, devised by Walter Shewhart. The  ̅ chart 

provides an illustrative example for general control chart theory. The   ̅control chart consists of a centre line (CL 
or μ0), an upper control limit (UCL) and a lower control limit (LCL). 

In  ̅̅ control chart, the sample mean is compared with the upper and lower control limits of the control chart to 
decide whether the process is in-control or out-of-control. If a point falls within the upper and lower control 
limits, the process is referred to as "in control" whereas if it falls outside the control limits, the process is referred 
to as "out-of control". There are two possible errors: a process can be deemed in-control when in fact the process 
is out-of-control (Type II error), and vice versa (Type I error). When the process is judged to be out-of-control, 
there is an attempt to identify the special cause of variation which is called an assignable cause search. (Duncan, 
1956) 

Generally there are economic design of   ̅control chart and economic statistical design of  ̅ control chart. In 

economic design of  ̅ control chart, the objective is to reduce the total cost of maintaining the control chart as 
minimum as possible. It is used to determine the values of various design parameters i.e. sample size (n), 
sampling interval (h), and control limit coefficient (L) that minimizes total expected cost. The statistical errors 
associated with control chart are Type-I error and Type-II error. These two errors are cannot be completely 
eliminated since 100% inspection is not carried out. In economic statistical design, the total cost of maintaining 
the control chart need to be minimized and at the same time Type-I and Type-II errors are not allowed to exceed 
their permissible level. 

The remainder of this paper is organized as follows: Section II presents the problem description. The proposed 
genetic algorithm is explained in section III. Result and discussion are presented in section IV and section V gives 
the concluding remarks. 

II. PROBLEM DESCRIPTION  

The customer requirements and expectations are becoming increasingly high in terms of quality and cost in 
the present industrial environment. Accordingly the selection of control chart design parameters like n, h and L 
becomes a challenging job. The economic statistical design of   ̅control chart is considered in this paper to 

determine the parameters of   ̅ control chart. 

A. Mathematical model  

The mathematical model for economic statistical design of the  ̅ control chart is adopted from Rahim and 

Banerjee cost’s model proposed in 1993. In this model, the failure mechanism belongs to the gamma (λ, 2) 

distribution, and the sample mean  ̅ is normally distributed. 

1) The cost model of uniform sampling interval (Rahim and Banerjee, 1993) 

The objective function of the cost model is expressed mathematically as: 

Min F (n, h, L) = 
    

    
         (1) 

Subject to α≤ αU,  1-β ≥ PL, and        (2) 

n ≥ 1 and integer,  h ≥ 0, L ≥ 0        (3) 

Where E(T) and E(C) represent the expected cycle length and the total expected cost per cycle, respectively. 

The objective function that the type I error probability (α) and power (1-β) as subjected to the predetermined 

statistical constraints, including maximum value of type I error (αU) and minimum value of power (PL), is 

minimized by determining the sample size (n), sampling interval (h), and the control limits (L). This can be 

expressed mathematically as: 
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2) The cost model of non-uniform sampling interval(Rahim and Banerjee, 1993) 

The objective function of the cost model is expressed mathematically as: 

Min F (n, h1, h2, L) = 
    

    
         (7) 

Subject to α ≤ αU, 1-β ≥ PL, and        (8) 

n ≥ 1 and integer,  h1 ≥ 0, h2 ≥ 0, L ≥ 0       (9) 

Where E(T) and E(C) represent the expected cycle length and the total expected cost per cycle, respectively. 

The objective function that the type I error probability (α) and power (1-β) as subjected to the predetermined 

statistical constraints, including maximum value of type I error (αU) and minimum value of power (PL), is 

minimized by determining the sample size (n), sampling interval (h1, h2, representing the intervals of drawing a 

sample initially and taking a sample after the first sample over the cycle length, respectively), and the control 

limits (L). This can be expressed mathematically as: 

E(T) =   + (αZ0+   )
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Where α = 2  (-L),  β = 1-[ ( √   )    (  √    )]     (12) 

The parameters of the model are listed below. 

Time parameters: 

Z0 = the expected search time associated with a false alarm  

Z1 = the expected search time and repair time if a failure is detected 

Cost parameters: 

D0 = the expected cost per hour caused by the production of a nonconforming item when the process is in 

control 

D1 = the expected cost per hour caused by the production of a nonconforming item when the process is out of 

control 

W = the expected cost of locating an assignable cause and repairing the process, including the cost of down time 

Y = the expected cost of false alarms, including the costs of searching and down time if production ceases 

during the search  

 a = the fixed cost per sample 

 b = the cost per unit sample 

 

III. METHODOLOGY OF PROPOSED GENETIC ALGORITHM 

Genetic algorithms (GA) are the heuristic search and optimization techniques that mimic the process of 
natural evolution. Simplicity of operation and power of effect are two of the main attractions of the GA approach 
(Goldberg, 1989). GA can be applied to a wide range of problems (e.g. location, partitioning, and scheduling 
problems) and GA makes no assumptions about the functions to be optimized.  

All that GA requires is a performance measure, some form of population representation, and operators that 
generate new population members. This general approach can be applied to many combinatorial optimization 
problems. Hence GA is adapted for the economic statistical design of  ̅ control chart in this study. Adaptation is 
made with respect to chromosome representation, population initialization, crossover operation, and mutation 
operation in the proposed GA. 

1) Mechanism of the proposed genetic algorithm (ESDCC-GA) 

The proposed genetic algorithm is shown in Figure 1 

a. Initialization 

Initialize population size (N), crossover rate (CR) and mutation rate (MR) for the proposed genetic algorithm.  

b. Initial population generation and fitness evaluation 

Initial population of size N is randomly generated under a constrained condition for uniform sampling interval 
and non-uniform sampling interval. 

c. Chromosome structure and representation 

Each individual in a population is called chromosome (C). In the current study the problem is to optimize the 
parameters of control chart for uniform (n, h, L) and non-uniform (n, h1, h2, L) sampling interval scheme to 
reduce expected cost per hour (ECT). So each chromosome is coded with parameters of control chart. 
Chromosome representation in this case is phenotype, that is actual values of parameters are used to code all the 
genes in a chromosome. The structure of chromosome for uniform sampling interval is shown in Table 1 and 
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non – uniform sampling interval is shown in Table 2. The chromosome length (l) is set as equal to number of 
parameters. 
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Figure 1 Proposed genetic algorithm 
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In the case of sample size, the generated gene value should be discrete, and for sampling interval and control 

limit, gene value is continuous for each chromosomes.  

Gene value of each chromosome is generated using the following equation (Daniel and Rajendran, 2005). 

Gene= rand ()* (upper_limit - lower_limit) + lower_limit;  

Table 1 Chromosome structure for uniform sampling interval scheme 

 

 

 

 

Table 2 Chromosome structure for non-uniform sampling interval scheme 

  

 

 

 

 

d. Fitness evaluation 

Every chromosome in the initial population is evaluated with respect to its fitness function, F = 1/ECT.   

e. Offspring population generation and fitness evaluation  

Offspring populations are generated by applying the following GA operators. 

1 Selection -  roulette wheel procedure 

2 Crossover -  single point crossover (based on crossover rate) 

3 Mutation -  gene wise mutation (based on mutation rate) 

The fitness value of each chromosome in the offspring population is also calculated. 

f. New population generation 

The chromosomes in the offspring and parent populations are combined to generate a new population . The 

best N chromosomes, among the 2N chromosomes are chosen as the surviving chromosomes for the next 

generation (Parental chromosomes for the next generation).  

g. Termination criteria and final solution 

The total number of generation is taken as the termination criteria and GA gives the global best solution after 

termination criteria is satisfied. 

IV. RESULTS AND DISCUSSION 

A. Economic statistical design of   ̅ control chart under uniform sampling interval 
In the computational experiment of uniform sampling interval, the population size was set to 80. The 

crossover probability and mutation probability were set to 0.7 and 0.2, respectively. Parameters are selected 
based on the pilot study.  Generation number is selected based on the convergence analysis of each test problem. 
For uniform sampling interval, the initial population is randomly generated under the following constrained 
condition. 

1 ≤ n ≤ 3000     (Sample size) 

0.1 ≤ h ≤ 100     (Sampling interval)   

0.1 ≤ L ≤ 6    (Control limit) 

The values of time, cost, Gamma and shift parameters of the example test problem are as follows: Z0 = 0.25 
h; Z1 = 1.00 h; D0 = $50.00; D1 = $950.0; W = $1100.00; Y = $500.00; a = $20.00; b = $4.22; δ = 0.50; λ = 
0.05; alphaUB = 0.05; and pLB = 0.9. After the experimental study, convergence point of the test problem is 
identified as 77901th generation and the generation number was set to 80000. The result obtained from ESDCC-
GA is compared with the result obtained for same number of solutions (3921017) from PSO (Chih et. al) and it 
is shown in Table 3. The result shows that EDDCC-GA is better than PSO in terms of minimum ECT and is 
faster than PSO in terms of elapsed time for uniform sampling interval. 

Table 3 Result of uniform sampling interval scheme by ESDCC-GA 

Algorithm n h L α 1-β ECT Time (m) 

ESDCC-GA 43 4.3879 1.9599 0.05 0.9063 178.0005 29.28 

PSO 43 4.3364 1.9602 0.0499 0.9063 178.0085 48.82 

 
 

B. Economic statistical design of   ̅ control chart under non-uniform sampling interval 

Chromosome, C 

g1 g2 g3 

n h L 

Chromosome, C 

g1 g2 g3 g4 

n h1 h2 L 
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In the computational experiment of non-uniform sampling interval, the population size was set to 80. The 
crossover probability and mutation probability were set to 0.7 and 0.2, respectively. Parameters are selected 
after conducting the pilot study. Generation number of each test problem under non-uniform sampling interval is 
selected based on convergence analysis. For non - uniform sampling interval, the initial population is randomly 
generated under the following constrained condition. 

1 ≤ n ≤ 3000     (Sample size) 

0.1 ≤ h1 ≤ 100,  0.1 ≤ h2 ≤ 40  (Sampling interval) 

0.1 ≤ L ≤ 6    (Control limit) 

The values of time, cost, Gamma (λ, 2), and shift parameters of the example are as follows: Z0 = 0.25 h; Z1 = 
1.00 h; D0 = $50.00; D1 = $950.0; W = $1100.00; Y = $500.00; a = $20.00; b = $4.22; δ = 0.50; λ = 0.05; 
alphaUB = 0.05; and pLB = 0.9. In the computational experiments of non-uniform sampling interval, 
convergence point of the test problem is identified as 79946th generation and the generation number was set to 
90000. The result obtained from ESDCC-GA is compared with the result obtained for same number of solutions 
(5062252) from PSO (Chih et. al) and it is shown in Table 4. The result shows that EDDCC-GA is better than 
PSO in terms of minimum ECT and is faster than PSO in terms of elapsed time for non uniform sampling 
interval. 

Table 4 Result of non-uniform sampling interval scheme  

Algorithm n h2 h2 L α 1-β ECT Time (m) 

ESDCC-GA 43 10.53 3.9081 1.9599 0.05 0.9063 173.803765 36.04 

PSO 43 10.60 3.8589 1.9647 0.0494 0.9055 173.8344 72.38  

 
C. Test problems 

To demonstrate the efficacy of the proposed GA, 20 test problems from literature (Chih et. al) were solved 
using ESDCC – GA. The test problems considered in this study are shown in Table 5. 

D. Result of test problems 

The results of test problems by ESDCC-GA and PSO (Chih et. al) under uniform and non-uniform sampling 
interval are shown in Table 6 and Table 7 respectively. The result shows that ESDCC-GA takes lesser time than 
PSO (Chih et. al) for inspecting similar number of solutions in uniform and non-uniform sampling interval. The 
result indicates that ESDCC-GA is superior to PSO (Chih et. al) in terms of convergence speed for economic 
statistical design of   ̅ control chart.  

The proposed GA is better than PSO in terms of minimum ECT and is faster than PSO in terms of elapsed 
time. Comparing the uniform and non-uniform sampling interval scheme, the expected cost per hour (ECT) is 
minimum in non-uniform sampling interval scheme. 

V.    CONCLUSION 

This present study aimed to develop a genetic algorithm (ESDCC-GA) for economic statistical design of  ̅ 
control charts under uniform and non-uniform sampling interval. The proposed algorithm is designed to solve 
the constrained problem, which involves the simultaneous use of continuous and discrete decision variables. To 
verify the performance of the proposed GA, the numerical example of Rahim and Banerjee (1993) with a 
Gamma failure mechanism is illustrated in this paper.  

The various test problems in the literature is also used to evaluate the proposed GA. The computational 
results demonstrated that proposed GA and PSO (Chih et. al) have the similar performance in terms of final 
solution quality for the economic statistical design of  ̅ control charts. However, the proposed GA (EDDCC-
GA) is significantly faster and is better than PSO (Chih et. al) in terms of elapsed time. When inspecting similar 
number of solutions, EDDCC-GA takes lesser time than PSO (Chih et. al). A higher cost was saved in the non-
uniform sampling scheme than the uniform sampling scheme regardless of which method was adopted. 
Meanwhile, no significant differences were observed between control chart parameters from EDDCC-GA and 
PSO (Chih et. al). 

 

 

 

  

IJIRSE/Mar.14/Vol.2 Issue3/123



(IJIRSE) International Journal of Innovative Research in Science & Engineering 

ISSN (Online) 2347-3207 

Table 5 Test problems 

 

 

Problem 

No. 
Z0 Z1 D0 D1 W Y a b δ αUB pLB λ 

1 0.025 0.1 25 475 550 250 10 2.11 0.25 0.01 0.85 0.025 

2 0.025 0.1 25 475 1100 500 20 4.22 0.5 0.05 0.9 0.05 

3 0.025 0.1 25 475 2200 1000 40 8.44 1 0.1 0.95 0.1 

4 0.025 1 50 950 550 250 10 4.22 0.5 0.05 0.95 0.1 

5 0.025 1 50 950 1100 500 20 8.44 1 0.1 0.85 0.025 

6 0.025 1 50 950 2200 1000 40 2.11 0.25 0.01 0.9 0.05 

7 0.025 10 100 1900 550 250 10 8.44 1 0.1 0.9 0.05 

8 0.025 10 100 1900 1100 500 20 2.11 0.25 0.01 0.95 0.1 

9 0.025 10 100 1900 2200 1000 40 4.22 0.5 0.05 0.85 0.025 

10 0.25 0.1 50 1900 550 500 40 2.11 0.5 0.1 0.85 0.05 

11 0.25 0.1 50 1900 1100 1000 10 4.22 1 0.01 0.9 0.1 

12 0.25 0.1 50 1900 2200 250 20 8.44 0.25 0.05 0.95 0.025 

13 0.25 1 100 475 550 500 40 4.22 1 0.01 0.95 0.025 

14 0.25 1 100 475 1100 1000 10 8.44 0.25 0.05 0.85 0.05 

15 0.25 1 100 475 2200 250 20 2.11 0.5 0.1 0.9 0.1 

16 0.25 10 25 950 550 500 40 8.44 0.25 0.05 0.9 0.1 

17 0.25 10 25 950 1100 1000 10 2.11 0.5 0.1 0.95 0.025 

18 0.25 10 25 950 2200 250 20 4.22 1 0.01 0.85 0.05 

19 0.5 0.1 100 950 550 1000 20 2.11 1 0.05 0.85 0.1 

20 0.5 0.1 100 950 1100 250 40 4.22 0.25 0.1 0.9 0.025 
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Table 6 Result of test problem under uniform sampling interval scheme 

 

 

 

 

 

Problem No. 1 2 3 4 5 6 7 8 9 10 

GA 

Convergence 

Point 
76666 65126 73023 64956 82808 81671 82117 76667 78352 67187 

Generation 

Number 
80000 70000 80000 70000 90000 90000 90000 80000 80000 70000 

Solutions 

inspected 
3925996 3393136 3816918 3407686 4289034 4542012 4363175 3874998 3836693 3428670 

n 209 43 14 52 10 239 9 286 39 41 

h 12.1287 6.53722 5.16334 3.44407 4.39791 7.25411 2.01607 3.81182 4.31569 2.40646 

L 2.5758 1.95996 2.0968 1.95996 1.98869 2.57583 1.71844 2.57583 1.97777 1.92076 

α 0.01 0.05 0.03601 0.05 0.04674 0.01 0.08572 0.01 0.04795 0.05476 

1-β 0.85045 0.90637 0.95 0.95008 0.85972 0.90131 0.9 0.95074 0.87384 0.89987 

ECT 110.293 124.136 212.466 213.171 120.963 259.434 176.765 334.421 218.452 190.625 

Time (m) 40.5602 35.4594 39.4241 39.9938 41.5442 41.8979 41.8379 39.3925 39.8306 35.1188 

PSO 

Solutions 

inspected 
3925996 3393136 3816918 3407686 4289034 4542012 4363175 384998 3836693 3428670 

n 210 43 14 52 10 240 9 286 39 41 

h 12.2792 6.65081 5.13963 3.3402 4.40073 7.2783 2.02334 3.75501 4.3125 2.40402 

L 2.57834 1.96014 2.09583 1.96033 1.98708 2.5786 1.7164 2.57619 1.97471 1.91979 

α 0.00993 0.04998 0.0361 0.04996 0.04691 0.00991 0.08609 0.00999 0.0483 0.05488 

1-β 0.85188 0.90635 0.9501 0.95004 0.88004 0.90229 0.90036 0.9507 0.87447 0.90004 

ECT 110.359 124.146 212.472 213.231 120.963 259.427 176.769 334.452 218.452 190.625 

Time (m) 52.5044 43.0607 61.7003 47.8221 59.1871 65.2915 62.0128 66.5141 59.9515 42.4805 
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Table 6 Result of test problem under uniform sampling interval scheme (Continued) 

Problem No. 11 12 13 14 15 16 17 18 19 20 

GA 

Convergence 

Point 
66789 73686 84124 58117 77680 75551 86264 74332 65123 81671 

Generation 

Number 
70000 80000 90000 60000 80000 80000 90000 80000 70000 90000 

Solutions 

inspected 
3366393 3809401 4371420 2896750 3989404 3924229 4289645 3742404 3243902 4561267 

n 15 208 18 144 35 169 59 14 17 138 

h 1.27861 12.9625 7.22725 19.1451 4.10507 8.4715 5.22212 2.47284 1.6928 10.8103 

L 2.57583 1.95997 2.57583 1.95997 1.64485 1.9623 2.1957 2.5758 2.6864 1.64485 

α 0.01 0.05 0.01 0.05 0.1 0.04 0.02811 0.01 0.00722 0.1 

1-β 0.90271 0.95008 0.95222 0.85084 0.90544 0.90148 0.95 0.8781 0.92459 0.9018 

ECT 235.193 364.356 139.278 272.858 254.426 294.623 90.2557 117.582 201.632 235.68 

Time (m) 38.6242 39.7378 46.0379 22.9571 37.8936 40.46 47.2025 33.4396 37.1808 43.1536 

PSO 

Solutions 

inspected 
3366393 3809401 4371420 2896750 3989404 3924229 4289645 3742404 3243902 4561267 

n 15 209 18 144 35 169 59 14 17 138 

h 1.28831 13.2154 7.25323 18.4653 4.0838 8.4715 5.2575 2.47846 1.70304 10.7823 

L 2.57679 1.96 2.57872 1.96298 1.64517 1.96237 2.19245 2.57799 2.6843 1.64527 

α 0.00997 0.04976 0.00992 0.04965 0.09993 0.04972 0.0283 0.00994 0.00727 0.09991 

1-β 0.90255 0.95075 0.95194 0.85014 0.90538 0.90106 0.95034 0.87777 0.92489 0.90174 

ECT 235.199 364.849 139.283 273.004 254.427 294.735 90.2746 117.602 201.634 235.688 

Time (m) 46.4415 60.0953 61.4228 26.843 62.6017 59.2417 63.546 52.425 45.3988 63.8143 
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Table 7 Result of test problem under non-uniform sampling interval scheme 

 

Problem No. 1 2 3 4 5 6 7 8 9 10 

GA 

Convergence 

Point 
56794 71972 71357 67896 79952 73958 73958 72000 79951 62432 

Generation 

Number 
60000 80000 80000 70000 90000 90000 80000 80000 80000 70000 

Solutions 

inspected 
3541384 4495917 4537386 3954281 4970392 5054985 4395712 4549270 4426780 3975804 

n 209 43 14 52 10 239 9 286 38 40 

h1 27.30075 13.62814 8.875577 6.789171 13.97242 14.65416 6.50242 7.25993 13.86627 7.238837 

h2 10.40099 5.63661 4.29653 2.984342 4.048314 6.185903 1.873377 3.277038 3.925159 2.189877 

L 2.57583 1.959965 2.096802 1.959964 1.996788 2.57583 1.71844 2.575832 1.974716 1.917124 

α 0.01 0.05 0.036011 0.05 0.045848 0.01 0.085716 0.01 0.0483 0.055222 

1-β 0.850453 0.906374 0.95 0.950076 0.878089 0.901314 0.9 0.950738 0.865959 0.893462 

ECT 106.5418 120.9353 209.0958 207.3724 118.9528 252.3095 173.9508 324.4844 214.7907 186.2246 

Time (m) 25.6872 30.9271 31.0345 26.1945 35.7714 35.4539 37.5203 30.1581 32.5003 29.0492 

PSO 

Solutions 

inspected 
3541384 4495917 4537386 3954281 4970392 5054985 4395712 4549270 4426780 3975804 

n 209 43 14 53 10 241 9 286 39 40 

h1 26.18701 13.66926 8.993446 6.882441 13.9249 14.08294 6.376289 7.382344 13.93939 7.347877 

h2 10.96082 5.724924 4.206441 3.040485 4.038741 6.161699 1.860838 3.139819 3.990992 2.174579 

L 2.577271 1.960872 2.096268 1.965662 2.00214 2.588259 1.717832 2.576188 1.986138 1.922985 

α 0.009958 0.049894 0.036058 0.049338 0.04527 0.009646 0.085827 0.00999 0.047018 186.2294 

1-β 0.850117 0.906223 0.950055 0.952973 0.877004 0.901957 0.900107 0.950702 0.872097 0.054482 

ECT 106.6491 120.9449 209.1115 208.1076 118.9533 252.7861 173.9574 324.6389 214.7918 0.892381 

Time (m) 47.33 54.61 56.6563 46.4123 70.946 76.7032 54.0317 82.4915 56.6679 46.8512 
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Table 7 Result of test problem under non-uniform sampling interval scheme (Continued)

Problem No. 11 12 13 14 15 16 17 18 19 20 

GA 

Convergence 

Point 
67507 71986 71990 72456 79648 74298 82457 70000 80000 80000 

Generation 

Number 
70000 80000 90000 80000 90000 80000 90000 67234 75345 76479 

Solutions 

inspected 
3962218 4605403 5074088 4523146 5024789 4534782 5121748 392476 4487415 4612481 

n 15 208 18 144 35 169 67 15 17 138 

h1 3.755649 26.09059 17.85138 29.0862 7.9063 12.998 14.631 7.5664 4.4 24.194 

h2 1.175287 11.28959 6.559405 13.8705 3.4683 6.5424 4.8716 2.386 1.5227 9.4628 

L 2.57583 1.959966 2.575829 1.96 1.644 1.96 2.4478 2.5758 2.6989 1.644 

α 0.01 0.05 0.01 0.05 0.01 0.05 0.014 0.01 0.007 0.1 

1-β 0.902711 0.950075 0.952224 0.8507 0.9053 0.9014 0.95 0.9027 0.9228 0.9017 

ECT 230.5957 352.6095 138.0564 265.8333 251.9064 282.5949 89.1105 115.7021 198.8551 230.4388 

Time (m) 30.0996 32.195 35.752 33.45 36.12 32.78 36.478 28.367 33.147 34.128 

PSO 

Solutions 

inspected 
3962218 4605403 5074088 4523146 5024789 4534782 5121748 392476 4487415 4612481 

n 15 209 18 145 35 169 62 15 17 139 

h1 0.1 26.68258 17.888 29.1032 7.8979 13.0407 14.8415 7.5292 4.3771 23.987 

h2 1.283045 11.26566 6.5765 13.918 3.4691 6.5984 4.772 2.2545 1.558 9.3645 

L 2.577229 1.967786 2.575 1.96 1.63 1.96 2.2554 2.568 2.6651 1.6449 

α 0.00996 0.049093 0.01 0.05 0.01 0.05 0.024 0.01 0.0071 0.09 

1-β 0.90247 0.950161 0.9522 0.8507 0.90541 0.90142 0.9503 0.8782 0.9213 0.9507 

ECT 238.8497 353.2209 139.1245 267.0124 252.3654 282.9012 89.8742 115.7841 199.1245 230.784 

Time (m) 53.3333 63.3 66.412 60.124 69.321 58.651 71.23 52.198 59.34 61.147 
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Abstract - Mobile Ad hoc Network is a collection of wireless mobile nodes forming a network without using
any existing infrastructure. MANET is a collection of mobile nodes prepared with both a wireless-transmitter
and receiver that communicate with each other via bi-directional wireless links either directly or not directly.
A new intrusion detection system named Enhanced Adaptive Acknowledgement (EAACK) specially designed
for MANETs. By the implementation of Misbehavior Report Authentication(MRA) scheme, EAACK is able
of detecting malicious nodes despite the existence of false misbehavior report and compared it against other
popular mechanisms in different scenarios during simulation. The results will demonstrate positive
performances next to Watchdog, TWOACK and AACK in the cases of receiver collision, limited
communication power and false misbehavior statement. EAACK demonstrates higher malicious behavior
detection rates in certain circumstance while does not greatly affect the network performances.

Keywords – Mobile Ad hoc Network, Enhanced Adaptive Acknowledgement (EAACK), Misbehavior Report
Authentication (MRA), TWO Acknowledgement (TWOACK), Adaptive Acknowledgement (AACK).

.
I. Introduction

Due to their natural mobility and scalability, wireless networks are always preferred since the
rest day of their creation. Due to the improved technology and reduced costs, wireless networks
have increase much more preferences over wired networks in the past a lot of decades.

By definition, Mobile Ad hoc Network (MANET) is a collection of mobile nodes equipped
with both a wireless transmitter and a receiver that communicate with each other via
bidirectional wireless links either directly or indirectly. Industrial remote access and control via
wireless networks are becoming more and more popular these days. One of the major advantages
of wireless networks is its ability to allow data communication between different parties and still
maintain their mobility. However, this communication is limited to the range of transmitters.
This means that two nodes cannot communicate with each other when the distance between the
two nodes is beyond the communication range of their own. MANET solves this problem by
allowing intermediate parties to relay data transmissions. This is achieved by dividing MANET
into two types of networks, namely, single-hop and multi hop. In a single-hop network, all nodes
within the same radio range communicate directly with each other. On the other hand, in a multi

Misbehavior Report Authentication Intrusion
 Detection System in MANETs 

IJIRSE/Mar.14/Vol.2 Issue3/130



(IJIRSE) International Journal of Innovative Research in Science & Engineering
ISSN (Online) 2347-3207

hop network, nodes rely on other intermediate nodes to transmit if the destination node is out of
their radio range.

In contrary to the traditional wireless network, MANET has a decentralized network
infrastructure. MANET does not require a fixed infrastructure; thus, all nodes are free to move
randomly [10], [12]. MANET is capable of creating a self-configuring and self-maintaining
network without the help of a centralized infrastructure, which is often infeasible in critical
mission applications like military conflict or emergency recovery. Minimal configuration and
quick deployment make MANET ready to be used in emergency circumstances where an
infrastructure is unavailable or unfeasible to install in scenarios like natural or human-induced
disasters, military conflict, and medical emergency situations [9], [7].

Owing to these unique characteristics, MANET is becoming more and more widely
implemented in the industry [5]. However, considering the fact that MANET is popular among
critical mission applications, network security is of vital importance. Unfortunately, the open
medium and remote distribution of MANET make it vulnerable to various types of attacks. For
example, due to the nodes’ lack of physical protection, malicious attackers can easily capture and
compromise nodes to achieve attacks. In particular, considering the fact that most routing
protocols in MANETs assume that every node in the network behaves cooperatively with other
nodes and presumably not malicious [5], attackers can easily compromise MANETs by inserting
malicious or non cooperative nodes into the network. Furthermore, because of MANET’s
distributed architecture and changing topology, a traditional centralized monitoring technique is
no longer feasible in MANETs. In such case, it is crucial to develop an intrusion-detection
system (IDS) specially designed for MANETs.

Advantages of Mobile Ad Hoc Networks
Having discussed the general issues in MANETs, the reason behind their popularity and

their benefits will now be discussed.
Low cost of deployment: As the name suggests, ad hoc networks can be deployed on the fly, thus
requiring no expensive infrastructure such as copper wires, data cables, etc.
Fast deployment: When compared to WLANs, ad hoc networks are very convenient and easy to
deploy requiring less manual intervention since there are no cables involved.
Dynamic Configuration: Ad hoc network configuration can change dynamically with time. For
the many  scenarios  such  as  data  sharing  in  class-rooms, etc.,  this is a useful feature. When
compared to configurability of LANs, it is very easy to change the network topology.

In the next section, mainly focus on discussing the background information required for
understanding this research topic.

II. Related Work

As discussed before, due to the limitations of most MANET routing protocols, nodes in
MANETs assume that other nodes always cooperate with each other to relay data. This
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assumption leaves the attackers with the opportunities to achieve significant impact on the
network with just one or two compromised nodes. To address this problem, IDS should be added
to enhance the security level of MANETs. If MANET can detect the attackers as soon as they
enter the network, we will be able to completely eliminate the potential damages caused by
compromised nodes at the first time. IDSs usually act as the second layer in MANETs, and they
are a great complement to existing proactive approaches [8]. In this section, mainly describe
three existing approaches, namely, Watchdog [4], TWOACK [5], and Adaptive
Acknowledgment (AACK) [3].

1) Watchdog that aims to improve throughput of network with the presence of malicious
nodes.  In fact, the watchdog scheme is consisted of two parts, namely Watchdog and Pathrater.
Watchdog serves as an intrusion detection system for MANETs. It is responsible for detecting
malicious nodes misbehaviors in the network. Watchdog detects malicious misbehaviors by
promiscuously listens to its next    hop’s transmission.  If Watchdog node overhears that its next
node fails to forward the packet within a certain period of time, it increases its failure counter.

Whenever a node’s failure counter exceeds a pre-defined threshold, the Watchdog node
reports it as misbehaving.  In this case, the Pathrater cooperates with the routing protocols to
avoid the reported nodes in future transmission. Many following researches   and
implementations have proved that the Watchdog scheme to be efficient. Furthermore, compared
to some other schemes, Watchdog is capable of detecting malicious nodes rather than links.
These  advantages  have  made Watchdog  scheme  a  popular  choice  in  the  field. Many
MANET IDSs are either based on or developed as an improvement to the Watchdog scheme.
Watchdog scheme fails to detect malicious misbehaviors with the presence of Ambiguous
collisions, Receiver collisions, Limited transmission power, False misbehavior report, Partial
dropping.

2) TWOACK is neither an enhancement nor a Watch-dog based scheme.  Aiming to resolve
the  receiver collision  and  limited  transmission  power  problems of Watchdog, TWOACK
detects misbehaving  links by  acknowledging  every data  packets transmitted over each three
consecutive  nodes  along  the  path  from  the  source to  the destination. Upon retrieval of a
packet, each node along the route is required to send back an acknowledgement packet to the
node that is two hops away from it down the route. TWOACK is required to work on routing
protocols such as Dynamic Source Routing (DSR).The working process of TWOACK is
demonstrated in Figure 1 node A  first forwards  packet  1 to node B, and  then  node B  forwards
Packet 1 to  node C. When node C receives   Packet 1, as it is two hops away from node A, node
C is obliged  to generate  a TWOACK packet, which contains reverse route  from node A to node
C, and sends it back to node A. The retrieval of this TWOACK packet at node A indicates the
transmission of Packet 1 from node A to node C is successful. Otherwise, if this TWOACK
packet is not received in a predefined time period, both nodes B and C are reported malicious.
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Figure 1.TWOACK

TWOACK scheme successfully solves the receiver collision and limited transmission power
problems posed by Watchdog. However, the acknowledgement process required in every packet
transmission process added a significant amount of un-wanted network overhead. Due to the
limited battery power nature of MANETs, Such redundant transmission process can easily
degrade the life span of the entire network.

3) AACK is based on  TWOACK  Acknowledgement  (AACK) similar to TWOACK,AACK is
an  acknowledgement-based network layer scheme which can be considered as a  combination
of  a  scheme  call  ACK (identical to TWOACK) and an end-to-end acknowledgement scheme
called  ACK.  Compared  to  TWOACK,  AACK  significantly  reduced  network  overhead
while  still  capable  of maintaining the same network throughput. Source node S will switch to
TACK scheme by sending out a TACK packet. The  concept  of  adopting  a  hybrid scheme in
AACK greatly reduces the network over-head,  but  both  TWOACK  and  AACK  still  suffer
from the problem that  they fail  to detect malicious nodes with the  presence  of  false
misbehavior  report  and  forged acknowledgement packets.
Both TWOACK and AACK still suffer from the problem that they fail to detect malicious nodes
with the presence of false misbehavior report and forged acknowledgment packets. In fact, many
of the existing IDSs in MANETs adopt an acknowledgment-based scheme, including TWOACK
and AACK. The functions of such Detection schemes all largely depend on the acknowledgment
packets. Hence, it is crucial to guarantee that the acknowledgment packets are valid and
authentic.
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III. Problem Definition

My proposed approach EAACK is designed to deal with three of the six weaknesses of
Watchdog scheme, namely, false misbehavior, limited transmission power, and receiver
collision. In this section discuss these three weaknesses in detail.

In the case of  receiver  collisions,  demonstrated    in  Figure 2,  after  node A sends Packet 1
to node B, it  tries  to  overhear  if  node B forwarded  this  packet to node C; meanwhile,  node
X  is  forwarding  packet 2  to node C. In such  case,  node  A  overhears  that  node B   has
successfully,  forwarded  Packet  1  to  node  C,  but failed to detect  that  node C did not  receive
this    packet due to a collision between Packet 1 and  Packet  2  at  node C.

Figure 2.Receiver collision

In  the case of  limited  transmission power,  in order  to preserve  its own battery  resources,
node B intentionally limits its transmission power so that it is strong enough to be overheard by
node A but not strong enough  to be  received by node C, as shown in Figure 3.

Figure 3.Limited Transmission power

For false misbehavior report, although node A successfully overheard that node B forwarded
Packet 1 to node C, node a still reported node B as misbehaving as shown in Figure 4. Due to the
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open medium and    remote distribution of typical MANETs, attackers can   easily capture and
compromise one or two nodes to achieve this false misbehavior report attack.

Figure 4.False misbehavior report

IV. Scheme Description

In this section, describe my proposed EAACK scheme in detail. The approach described in this
research paper is based on our previous work [12], where the backbone of EAACK was proposed
and evaluated through implementation. In this paper, extend it with attacker from forging
acknowledgment packets.

My proposed approach EAACK is designed to tackle three of the six weaknesses of Watchdog
scheme, namely, false misbehavior, limited transmission power, and receiver collision. EAACK
is consisted of three major parts, namely, ACK, secure ACK (S-ACK), and misbehavior report
authentication (MRA).

1. A. ACK
ACK is basically an end-to-end acknowledgement scheme. It acts as a part of the hybrid

scheme in EAACK, aiming to reduce network overhead when no network misbehavior is
detected. In Figure 5 in ACK mode, node   S first    sends out an ACK data packet ad1 P to the
destination node D.
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Figure 5.ACK

If all the intermediate nodes along  the  route between  node S and node D are cooperative and
node D successfully receives  Pad1, node D is required to  send  back an ACK
acknowledgement  packet  ak1  P  along    the same route but in a reverse order. Within a
predefined time period, if node S receives ak1 P, then the packet transmission from node S to
node D is successful. Otherwise, node S will switch to S ACK mode by sending out an S-ACK
data packet to detect the misbehaving nodes in the route.

2. B. S-ACK

S-ACK scheme is an improved version of TWOACK scheme. The principle is to let each three
consecutive nodes work in a group to detect misbehaving nodes. For each three consecutive
nodes in the route, the third node is required to send an S-ACK acknowledgement packet to the
first node. The intention of introduce

S-ACK mode is to detect misbehaving nodes in the presence of receiver collision or limited
transmission power. As demonstrated in Figure 6 in S-ACK mode, the three consecutive nodes
(i.e. F1, F2 and F3) work in a group to detect misbehaving nodes in the network. Node F1 first
sends out S-ACK data packet Psad1 to node F2. Then node F2 forwards this packet to node F3.

When node F3 receives Psad1, as it is the third node in this three node group, node F3 is
required to send back an S-ACK acknowledgement packet Psak1 to node F2. Node F2 forwards
Psak1 back to node F1.  If node F1 does not receive this acknowledgement packet within a
predefined time period, both nodes F2 and F3 are reported as malicious.
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Figure 6.S-ACK

Moreover, a misbehavior report will be generated by node F1 and sent to the source node S.
Nevertheless, unlike the TWOACK scheme, where the source node immediately trusts the
misbehavior report, EAACK requires the source node to switch to MRA mode and confirm this
misbehavior report. This is a vital step to detect false misbehavior report in our proposed
scheme.

3. C.MRA

The Misbehavior Report Authentication    (MRA)    scheme  is  designed to  resolve    the
weakness   of  Watchdog  when  it  fails  to  detect misbehaving nodes  with the  presence  of
false misbehavior   report.  False misbehavior report can be generated by malicious attackers to
falsely report that innocent nodes as malicious. This attack  can  be  lethal  to  the  entire
network  when  the  attackers  break  down  sufficient nodes  and  thus  cause  a network
division.  The    core    of MRA    scheme   is    to authenticate whether    the   destination node
has   received    the reported missing   packet through a different route.  To  initiate MRA mode,
the  source  node  first  searches  its local knowledge  base and  seeks  for alternative  route  to
the destination node.

If there is none other exists, the source node starts a DSR routing request to find another route.
Due to the nature of MANETs, it is common to find out multiple routes between two nodes. By
adopting an alternative route to the destination node, circumvent the misbehavior reporter node.
When the destination node receives an MRA packet,  it  searches  its  local  knowledge  base  and
compare  if  the  reported  packet was received. If it is already received, then it is safe to
conclude this is a false misbehavior report and whoever generated this report is marked as
malicious.

Otherwise, the misbehavior report is trusted and accepted.   By the adoption of MRA scheme,
EAACK is  capable  of  detecting  malicious  nodes  despite  the  existence  of  false
misbehavior report.
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V. Conclusion

Packet dropping attack has always been a major threat to the security in MANETs.  In this
work a novel IDS named EAACK protocol specially designed for MANETs and compared it
against other    popular mechanisms in   different scenarios    through simulation. The results
described positive performances    against Watchdog, TWOACK   and AACK in the   cases   of
receiver collision and    limited Transmission power and false misbehavior report.

Furthermore, in an effort to prevent the attackers from initiating a forged acknowledgement
attacks, extended to incorporate digital signature in proposed scheme. Although it generates
more routing  overhead  in  some cases,  as  demonstrated  in experiment, it can vastly improve
the   networks packet delivery ratio when the  attackers are smart enough to forget
acknowledgement packets. This trade-off is worthwhile when network security is of top priority.
In order to seek the optimal   digital    signature   algorithms    in MANETs, implemented both
DSA and RSA scheme in our simulation.
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