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ABSTRACT
In this research paper we compare various image compression techniques, and also proposed an image
compression technique. We also compare proposed model with other compression techniques. As we know that
Image compression is very necessary when required to reduce image size. Some of the information is lost during
image compression but basic information of image is retained as it is.

I INTRODUCTION
Image compression is much necessary to improve storage capacity of images and also for utilizing transmission
bandwidth. There are two types of image compression techniques lossless and lossy image compression
technique. In this paper we are discussing some of lossy image compression techniques. As the demand and
growth of digital imaging application increases for various application there is need of image compression is
also increases. As we well know that there are various techniques used for image compression, in this paper we
are discussing few of them as we are familiar with DCT (discrete cosine transform) which is very much similar
with the DFT. We are using simple model for DCT which is used for image compression. Similarly we are
discussing one more important technique for image compression is discrete wavelet transform (DWT) used for
image compression. We also proposed a model for image compression in which we are using simulink model
block processing. Each block in this model contains encoding and decoding methods. Encoding and decoding is
performed using 2D-DCT and IDCT respectively. We discuss each of these models in brief.

1.1 DCT (Discrete Cosine Transform) Based Image Compression
One dimensional DCT is only useful for processing of one dimensional signal but for image processing we need
two dimensional DCT. 2D-DCT for 2D input signal is can be defined as following expression.

401 | P a g e

International conference on Science, Technology and Management
YMCA, New Delhi (India), 1 Feb 2015

ICSTM-2015
www.conferenceworld.in

P (u, v) =

Where P (u,v) represents 2D DCT of input signal p(x, y) and
C (u)

=

=

for

1

for

u=0

otherwise

2D-DCT is same as 1D-DCT, only difference is that it takes DCT for both Rows and Columns.

1.1.1 Algorithm
Step 1: Take image in workspace need to compress.
Step 2: Generate 8*8 DCT matrix .
Step 3: Now take DCT of each 8*8 block of matrix.
Step 4: In each block there are 64 elements, define mask matrix to select samples from these 64 elements.
Step 5: Now apply this mask to input image to take samples.
Step 6: Finally take IDCT of masked input image.

1.2 Discrete Wavelet Transform (DWT) Based Image Compression
Wavelets are signals which are local in time duration and scale and generally have irregular shape. Wavelets
have generally average value zero. Wavelets have the great advantage of being able to separate the fine details
in a signal. Very small wavelets can be used to isolate very fine details in a signal, while very large wavelets can
identify coarse details.
We are using haar model of wavelet compression, we are compressing image by taking all the terms to zero near
to the global threshold. As the global threshold is smaller there is less compression ratio and when there is large
global threshold, compression ratio is also larger but image quality also reduces.

II PROPOSED MODEL
In this model each block processing have encode for compression and decode for decompression image but
finally when we get image is in compressed format and smaller in size. First we take DCT transform of an
image and then quantized that image. After Quantization we perform DC prediction of quantized image. In first
case we take two past values for DC prediction while in second case we take only single past value for
prediction. At the decoding time we further perform this operation. After block processing output we apply it to
the Median Filter Which provides smoothness to the image. After two block processing we get final Image to
the workspace.
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Fig 1: Proposed Model for Image Compression

III ANALYSIS OF SIMULATION RESULTS
3.1 Image Compression through DCT
In this compression technique, we take samples of image through the mask matrix of 8*8. In first case we take 6
ones in 64 values, so that in each 64 values of image we get only 6 samples. We also analyze this technique for
10, 15 &21 samples. Finally we get Image is compressed, as the number of samples increases image quality
improves but compression ratio reduces.
Original Image
Compression Ratio-61.3
File Size-8546
S.

Image

Sampls

File

Compressin

No

Dimension

Per 8*8

Size

Ratio

Psnr

Wid*Hig*
Bit Dep
1

256*256*8

06

4207

124.62

28.74

2

256*256*8

10

5545

94.55

31.34

3

256*256*8

15

6659

78.733

33.85

4

256*256*8

21

7716

67.948

36.85

Table 1: Compressed Image Details For Different Number Of Sample.
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Fig 2: Original Image

Fig 3: DCT-06

Fig 4: DCT 10

Fig 5:DCT 15

Fig 6: DCT 21

3.2 Image Compression through DWT
In this case we are analyzing this technique for different Global threshold values, as global threshold increases
from zero image size reduces compression ratio increases but image quality reduces.
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Original Image
Compression Ratio-63.914
File Size-8203
S.No

Image Dimension

Global

File Size

Compression Ratio

PSNR

Wid*hig*Bit Dep

Threshold

1

256*256*8

10

7696

68.12

41.89

2

256*256*8

20

7361

71.225

35.66

3

256*256*8

50

6752

77.95

30.13

4

256*256*8

100

6167

85.015

27.62

5

256*256*8

150

5954

88.056

26.28

6

256*256*8

200

5892

88.987

26.12

Table 2: Compression Ratio and PSNR for Different Global Threshold

Fig 7: Original Image

Fig 9:DWT 20

Fig8: DWT 10

Fig 10 :DWT 50
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Fig 12: DWT 200

Fig 13: Histogram of Image

Fig 14: Image Decomposition Detail
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3.3 Compression through Proposed Model
As the details of original image and compressed image is given when comparing this image with the DCT
compressed image and DWT compressed image, we get that for same values of PSNR and Compression Ratio
we get somewhat better image as shown in Fig 5, Fig 10 & Fig 17.
Original Image
Compression Ratio-61.3
File Size-8546
Compressed Image
Compression Ratio-76.8
File Size-6827
PSNR-30.59

Fig 15: Original Image

Fig 16: Compressed Image

Fig 17: Matlab Simulink Model For Image Compression
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IV CONCLUSION
We analyze various image compression techniques such as that through discrete cosine transform, discrete
wavelet transform and compare this technique with our proposed model. Finally we get that for same values of
compression ratio and PSNR proposed model have better quality of image. Although we are using same discrete
cosine transform in our proposed model but in this model we use prediction for both encoding and decoding, so
that there is less error and better PSNR for same compression ratio.
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ABSTRACT
This paper discusses hybrid operation using Fault Current Limiter (FCL) and Thyristor Controlled Braking
Resistor (TCBR) for transient stability enhancement. When a power system is subjected to a large disturbance,
control actions need to be taken to limit the extent of the disturbance. In this proposed scheme Fault current
limiter (FCL) and Thyristor controlled braking resistor (TCBR) are used. In the case of a severe fault
occurrence in a power system, FCL is used for fault current limiting, transient stability enhancement and
reduction of torsional oscillations and TCBR is used for fast control of generator disturbances. The effect of
these two instruments discussed together in a single machine power system connected to the infinite bus with
applying a three phase symmetrical fault. The simulation results show the improvement of transient stability of
the power system by using both devices.

Keywords: Equal Area Criterion,

Fault Current Limiter, Power System Transient Stability,

Thyristor Controlled Braking Resistor.
I INTRODUCTION
When a power system is subjected to a large disturbance, control actions need to be taken to limit the extent of
the disturbance. Various methods have been taken to improve the transient stability of power systems, such as
high-speed exiting, steam turbine fast-valving and dynamic braking. Also, the wide usage of FACTS controllers
is another method that helps to enhance power system transient stability. Using fault current limiter (FCL)
reviewed as a necessary device for limiting fault current and improvement of power system transient stability in
the past. When a fault occurs, the FCL generates impedance, which can limit the fault current. In addition to
generating the impedance, FCL can increase output amounts of synchronous generator that decreases when the
fault occurs. However, as FCLs installed in series with transmission lines that can be just operated during the
period from the fault occurrence to the fault clearing, they cannot control the generator disturbances after the
clearing of fault. Dynamic Braking uses the concept of applying an artificial electrical load during a disturbance
to absorb the excess transient energy and increase the electrical outputs of generator and therefore reduces rotor
acceleration. With improvement in power electronic technologies, conventional circuit breaker controlled
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braking resistor is being replaced by thyristor controlled braking resistor (TCBR). In the past decade, thyristorcontrolled braking resistor switching strategies have been extensively studied by many researchers [1]-[8], and
several approaches have been developed, e.g., the time optimal switching method [1],[2], the decoupled variable
structure control scheme [3], the hierarchical structure approach [4], and others. TCBR has some other
application in power system:


Prevent transient instability during the first power system swing cycle, by immediately taking away the
power that would otherwise be used in accelerating the generator.



Enhance damping to prevent dynamic instability involving low frequency oscillations between
interconnected ac systems.



Damp subsynchronous resonance (SSR) resulting from series capacitor compensation.



Reduce and rapidly damp subsynchronous shaft torques. Thereby enabling safe high-speed reclosing of
lines near a power plant. This is of significance with or without series capacitor compensation,
although this problem is further aggravated by series capacitor compensation of lines leaving a power
plant.



Facilitate synchronizing a turbine-generator. Out of-phase synchronizing of a turbine-generator can
produce shaft torques more severe than a bolted three-phase fault at the generator.

By given appropriate control it can be reached some of these functions concordantly. In general, a TCBR can
often be the lowest cost, and a simple, highly reliable FACTS Controller.
In this paper, a thyristor controlled braking resistor has been approached by using Equal Area Criterion (EAC)
that employs conventional control strategy to improve power system transient stability. Section II reviews the
concept of EAC; Section III introduces the power system model; Section IV provides modeling of FCL; Section
V presents modeling and describes conventional control strategy of TCBR; Section VI discusses simulation
results of single machine test system simulated by power system toolbox of MATLAB/simulink. Through the
simulation results, the effectiveness of the use of both devices on transient stability enhancement is
demonstrated.

II EQUAL AREA CRITERION AND TRANSIENT STABILITY
Power system transient stability means, “Reaching to a normal operating point after occurrence of a
disturbance”. This disturbance may happened by applying an instantaneous large load, losing a power plant unit,
disconnecting an instantaneous large load, or occurring a large disturbance by short circuit. Equal area criterion
(EAC) as a well-known method can be used for power system stability analysis. This method can be used just
for single machine systems connected to infinite bus and also it can be used for two machine systems. EAC
method presents a good physical view for dynamic behavior of synchronous machines. EAC method is on the
basis of acceleration torque of synchronous generators that is difference from mechanical and electrical torque.
This method explains a single machine system by considering a power-angle curve as demonstrated in Fig. 1
Suppose that input power Pm is constant and machine applies power to the system with the angle ∘ in steady
state. As the fault occurs, electrical power reduces rapidly and moves from point a to point b. In this point
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mechanical power is greater than electrical power, therefore the rotor accelerates and causes to increase angle  .
This operation of machine is indicated by moving from point b to point c on the during fault curve. In point c the
line is isolated by circuit breakers, therefore electrical power increases greater than mechanical power. In this
point the net power causes negative acceleration of rotor and because of reserved kinetic energy, operating point
moves on post fault curve toward point f. In this point, kinetic energy equals zero. As P e is greater than Pm, yet,
rotor keeps on its negative acceleration and operating point goes through the power-angle curve by the mean of
point e.

Fig. 1. Equal area criterion for a three phase fault
The rotor angle oscillates around point e by its natural frequency and finally the damping characteristic of the
machine causes these oscillation damped and new steady state operating point produced at the conjunction of P m
and post fault curve. Additional reserved energy of the rotor at the time of accelerating is equivalent of area A1
and missing energy of the rotor at the time of negative acceleration is equivalent of area A2.In point f area A1
and A2 are equal and then the machine will be stable.

III MODELLING OF FCL
Fault current limiters (FCLs) usually consist of a detector, a controller and a limiter resistor. The use of FCLs is
being evaluated as one necessary element to limit the fault current and enhance the power system transient
stability. However, as FCLs installed in series with transmission lines, it can be just operated during the period
from the fault occurrence to the fault clearing; they cannot control the generator disturbances after the clearing
of fault. Fig. 2 shows the changes over time for the limiting resistance created in an FCL. It is assumed that the
limiting resistance value is 1.0 pu (based on generator rating), and the fault detection time and starting time of
limiting resistance are 2 m sec and 1 m sec respectively [12]. Namely, FCL starts to operate at 0.502 sec, and
then the limiting resistance increases linearly from 0.0 pu to 1.0 pu within 1 msec. Although the effect of
enhancement of transient stability is changed depend on the limiting resistance value, 1.0 pu is the most
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effective value on the transient stability enhancement which is determined based on the results of simulation
using various limiting resistance values

Fig. 2. FCL characteristic
IV POWER SYSTEM MODEL
Single line diagram of the single machine power system illustrated in Fig. 3. In this model a synchronous
generator with its turbine-governor and excitation system is connected to infinite bus by a transformer and a
double line. As it is shown, the FCL is in series with the transmission line. The TCBR also is connected to Yside of the transformer and is paralleled with the line by the thyristors. The connections of TCBR are in delta
form. In the simulation study, it is assumed that a three phase symmetrical fault occurs at the TCBR bus at 0.5
sec. The breakers on the faulted line open at 0.8 sec.

Fig.3. Power System Simulink Model with FCL And TCBR
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V SIMULATION RESULTS
Fig. 4 shows the rotor speed responses of the generator. It can be seen that in case of „without TCBR and FCL‟
rotor speed has severe oscillations that may cause power system instability.
As it is shown, in case of „with FCL and TCBR‟ a noticeable improvement in rotor speed stability happens. It
can

be

seen

that

the

first

swing

of

rotor

speed

in

this

case

is

restrained

effectively.

This is because of the difference between mechanical input power Pm and electrical output power Pe of the
generator. Also, as it is clear, the rotor speed after second swing becomes almost constant. As FCL can be just
operated during the period from the fault occurrence to the fault clearing it cannot limit the rotor speed swing
after the fault cleared
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Fig. 5 shows the mechanical input power Pm of the generator. It can be seen that in case of „without TCBR and
FCL‟ the mechanical power gets away from its reference value and also it shows that by use of both of the
devices, TCBR and FCL, after two swings it becomes almost constant. Fig. 6 and Fig. 7 show active and
reactive power of the generator, respectively. As it is clear, in these Figs by using the two devices, severe
oscillations that produce in case of without TCBR and FCL‟ are damped properly. It is clear that the generator
has a proper operation by using TCBR and FCL together.

VI CONCLUSION
In order to improve power system transient stability the use of hybrid operation of both devices, fault current
limiter and thyristor controlled braking resistor is proposed in this paper. Simulation results on the single
machine power system clearly indicate that by using both of devices transient stability will be improved
properly. On the other hand, the simulation results show that by using the conventional control strategy of the
TCBR it can be reached to proper results. However, using other control methods like fuzzy control will have
better results.
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ABSTRACT
In project planning of any software development project, major challenge faces by project managers is to predicate
the amount of re-work required to deliver the software that not only meets time and cost requirements but also the
quality requirements given by client. To ensure the quality of the software, many iterations of testing cycle
conducted before it final delivered to client for acceptance. Each testing cycle is a very costly affair as it involves
running all possible test scenarios in all possible user environments and followed by defect fixing and re-verification
of defects. On an average, there are 2-3 iterations of testing cycle conducted but this depends on number of defects
identified during testing. Number of defects will depend on the expertise and experience of the team to work on
similar type of projects and technology. Hence it become very critical to predict and control the numbers of defects
identified during testing but this is very challenges task as it requires a good predicating model to predict the rework effort.In this paper, we describe the relationships among software size, number of software defects,
productivity and efforts for non-web-based development projects. These relationships are established by using the
multiple linear regression technique on the benchmarking data published by International Software Benchmarking
Standard Group.Results suggest that lower productivitywill led to more number of defects; therefore, non-web-based
project should be planned with experience resources who have earlier worked on similar projects and technologies.
It will help in reducing the number of defects and rework efforts. Executing non-web based project with experience
team require less time for development and most of the defect can be identified during unit testing and this will
directly contribute in reducing the rework efforts. Relationship among defect, size and efforts also suggest that size
has a significant impact on the total number of defects in comparison to efforts. Change in unit software size will
have bigger impactin comparison to unit change in effort. So study also infer that while planning the software
project we should use appropriate tools to reduce the margin of error in size estimation and we should re-estimate
the size, after every phase of development life cycle, to re-calibrate overall efforts and to minimize the impact on the
project plan.

Keywords: Re-Work Efforts, Software Size, Productivity, Defects, Software Quality, Software Cost,
Project Delivery Rate, Multi Liner Regression, Non-Web Bases Project.
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INTRODUCTION

In the planning of any software development project, one of the major challenge faced by project managers is to
predict the amount of rework required to deliver the software that not only meets time and cost requirements but also
the quality requirements given by the client. To ensure the quality of the software, many iterations of the testing
cycle are conducted before it is finally delivered to the client for acceptance. Each testing cycle is a costly affair as it
involves running all possible test scenarios in all possible user environments, followed by defect fixing and reverification of defects. Typically the test cycles ends when there is no defect to be identified during the test cycle.
On an average, two to three iterations of the testing cycle are conducted but this depends on the number of defects
identified during testing. The number of defects will depend on the expertise and experience of the team
(productivity) to work on similar type of projects and technology. Therefore, it becomes critical to predict the
numbers of defects identified during testing and this is a very challenging task as it requires a good model to predict
the rework effort. To predict the rework effort we should first estimate the overall size of the software being
developed, hence, size estimation becomes the most important first step to plan software project. Importance of
software size is explained in my paper “Estimate Software Functional Size before Requirement phase of
Development Life Cycle” [12]. Below paragraph and section 1.1 to section 1.3 are the extracted from that paper.
Imagine driving on an important trip to a distant place you have not been before. No-one will feel comfortable to
start such a journey without knowing at least general direction of the destination e.g. distance, the available routes,
road condition etc. Armed with this Information and a good map one can feel more comfortable about taking the
trip. These are essential; however your comfort may be seriously compromised during the journey. Road works can
hit you badly, but at least you have a good chance of having early warning, if you think to check. A puncture or a car
fault can be less predictable, but they do happen. Managing a Software project is much harder than planning a trip.
The biggest difference is that no matter how hard you try, the specification are not static and also challenges in
predicting team productivity and quality of end product i.e. no of defects. The biggest challenge with the Software
project is to define the size of the overall application as the requirements are not always provided in structured form.
There are two type of Software sizing one is based on Functional Size (user perspective) and other is technical Size
(developer perspective e.g. KLOC) but technical sizing cannot be used to compare functionality provided by
software application. With user point of view, software providing the same functionality will be treated similar
irrespective of the technology used so functional size is the only independent variable that not only can be used to
compare the software but also to plan software development. There are various Functional Size measurement are
available to measure the software functional size but all these methods require detail understanding of functionality
but most of time detail understand of requirement available only after completion of requirement phases so the
challenge remain to measure the software functional size before the requirement phase. Let’s first understand how to
define the successful project.
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What Determines a Successful Software Project?

Time, Cost and Quality are key Success parameters to determine if project is successful or not [7]. There are other
criteria of course; however these are generally additional to the Time, Cost and Quality criteria. In any project,
these are three conflicting factors: These are often viewed as a triangle (see Figure 1). One cannot for example
lessen the duration without affecting cost and/or quality. In software engineering terms, functionality is the
counterpart for quality, while duration and cost are still applicable. The correctness of the code (lack of bugs) is
bundled into quality for simplicity. The attributes we consider for software projects are Effort and Schedule. If these
are available and controlled, then the cost and time can also be defined and controlled.

Figure 1 Conflicting Triangle
Duration is the total number of time units (e.g. weeks or months) needed to complete the project. This may break
down to effort from more than one person, so as to take advantage of certain skills and parallelize the work to gain
overall time. We can reduce the duration by putting more resources but the caveat here is that the more people one
adds to a project then more one needs to work so as to coordinate them and the more they communicate so as to
interact successfully, thus yielding overheads. This coordination may also lead to occasional idle periods of some of
these people. Schedule is sometimes associated with the total time for the project; however the term usually includes
the breakdown of effort per person at any given time, so as to track the coordination issues. It is a fact that the
schedule is derived from effort

1.2

Software Size, Efforts and Productivity

Software sizing is an important activity in software engineering that is used to estimate the size of a software
application or component in order to estimate other software project characteristics like efforts,

schedule,

resources, defects etc. Size is an inherent characteristic of a piece of software just like weight is an inherent
characteristic of a tangible material. Size is not efforts, it is essential to differentiate between software sizing and
software effort estimation. Measuring the size of a piece of software is different from measuring the effort needed to
build it. There are two type of Software sizing one is based on Functional Size (user perspective) and other is
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technical Size (developer perspective)[1] but technical sizing cannot be used to compare functionality provided by
software application. With user point of view, software providing the same functionality will be treated similar
irrespective of the technology used so functional size is the only independent variable that not only can be used to
compare the software but also to plan software development.Functional Size is an independent measure and it does
not depend on technology while effort will depend on many factors. (See Figure 2).

Figure 2 Driving Efforts Using Size and Productivity
Functional Size Measurement is the most accepted approach to measuring the size of software functional size. There
are various sizing methods available like IFPUG function points, COSMIC, NASMA function points etc. but these
standard functional size methods are not very suitable to be used in early stage of software life cycle as they require
structured analysis of user requirements.[2] Functional size measurement are simple in concept but they are not easy
to apply specially in early stage of software development e.g. in proposal stage where not much scope is defined and
clear to carry out detail sizing analysis. An accurate estimate of software size is an essential element in the
calculation of estimated project costs and schedule. The fact that these estimates are required very early on in the
project (often while a contract bid is being prepared) makes size estimation a formidable task. Initial size estimates
are typically based on the known system requirements. We must hunt for every known detail of the proposed
system, and use these details to develop and validate the software size estimates.

Figure 3
In general, we present size estimates as lines of code (KSLOC or SLOC), function points, uses case count, object
count. Selection of sizing unit depends on the nature of the project and also the form in which requirements are
presented. Regardless of the unit chosen, we should store the estimates in the metrics database and use these
estimates to determine project progress and to also to estimate future projects. As the project progresses, revise them
so that cost and schedule estimates remain accurate and corrective action can be taken if required. There are various
scientific methods for calculating the software size that can be used based on the project type.
Productivity can be defined as average efforts required to deliver unit size. [3]
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Early Approximation of Functional Size using Logical Data Model

IFPUG functions point count following functional component types [4].
Internal Logical Files (ILF) – Logical Business entities used to store data within the boundary of software.
External Interface Files (EIF) - Logical Business entities referred by Software, Software is not the owner

of

these entities but these are owned by other software outside the boundary of Software.
External Inputs (EI) –Process insert data to be stored in ILF.
External Outputs (EO) - Process that extract data from ILF or EIF and derived to generate report to be sent outside
the boundary of software.
External Query (EQ) - Process that extract data from ILF or EIF and generate report (with no derived data) to be
sent outside the boundary of software

Figure 4 Distribution of Function Points Component in overall Size
Based on the ISBSG data [5], distribution of these five entities are shown in the above pie chart (figure 4). If we can
drive the number of internal logical files using the data model, we can approximate the size of the Software. For
example if there are 10 internal logical file identified software size can be estimated using the following calculation.
Software size = Number of ILF * 8.6 (mean score of internal logical file) * 4 (as ILF contribute only 25% in

total

software size as per the pie chart above)
Software size = 10*8.6*4 =344 Function points.
Similarly if we know the number of reports or output generated by the software then we can we can also
approximate the size as reports contribute 40% of the total software size.

II OBJECTIVE
The objective of this study is to perform extensive data analysis towards developing a more in-depth understanding
of impact of functional size and productivity on the testing and rework effort non-web basedprojects, and eventually
facilitating strategic planning by to control these factors. Hence, the key objectives of the study for this paper are:


Is there any relation between productivity and defects injected?



How functional size impact the overall rework effort?



How functional size impact the overall testing efforts?
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How productivity impact the testing efforts ?

2.1 Data Source
Data used in this study is taken from Benchmarking Release 10 by the International Software Benchmarking
Standard Group (ISBSG). The ISBSG established in 1994 a not for profit organization that has been established to
improve the global understanding of software practices, so that they can be better managed. ISBSG has gathered on
4,106 software projects from around the world, and made available on Release 10 of Estimating, Benchmarking &
Research Suite CD.

2.2 Unit of Key Metrics

Table 1
2.3 Approach
ISBSG has published Mean and Standard deviation of Size, Productivity (Product delivery rate) and Defect data for
Non-web based. These data is shown in Table 2.

Table 2
Assuming data is normally distributed; following steps were followed to generate data
First generate value for Software Size that is independent variables, by generating positive random variables in the
range of 0-1000 (Figure 5)

Figure5
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Total efforts calculated after multiply size with PDR (Figure 6)

Figure 6
Defect data is also generated based on defect statistics as per table 2 and assuming it is also normally distributed.
(Figure 7)

Figure 7
For each data points of size generate value for Productivity / PDR (Product Delivery Rate) based on value mean and
standard deviation value as per table 1 after assuming it is normally distributed. Statistical Software

MINITAB

Release 14 has been used to generate the Value for Normal distribution

III EXPERIMENT RESULTS
Assuming number of defects logically depends on Size, Productivity and Total efforts e.g. Bigger the size higher the
number of defect , similarly by more efforts we increase chance of injecting more defects. We tried to establish
relationship between number of defect, Size, PDR, Efforts, using Multi linear Regression equation. Following multi
liner equations are established based.

It is clear from the above equation that Software size play a pivot role to determine the estimated number of defects,
hence, it is very important to estimate software size even if there is very high level software requirements are
available.

IV CONCLUSIONS
From the equation 1 , we can infer that higher productivity (means lower value for PDR) will led to the less number
of defects so non-web based project should be planned with much experience team(higher productivity) so that we
should have less defect and rework. (Please remember that cost of rework is much higher than cost of development).
Relationship among defect, size and efforts also suggest that size has much significant impact on total number of
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defect in comparison to efforts. In multi linear regression equation size co-efficient is much higher than the efforts
co-efficient that means size has much significant impact on total number of defect in comparison to efforts.Change
in unit size will have bigger impact in comparison to unit change in effort. So study conclude that while planning the
software project we should use appropriate tools to reduce the margin of error in size estimation and we should reestimate the size, after every phase of development life cycle, to re-calibrate overall efforts and to minimize the
impact on the project plan.
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ABSTRACT
Grinding is one of the important metal cutting processes used extensively in the finishing operations. During an
abrasive material removal process, a lot of heat developed because of high friction. The conventional method of
cooling consumes high amount of coolant but still insufficient to control thermal related problems. The proper
penetration of coolant is not possible and most of the fluid goes in waste form. This is harmful to environment
and workers health. Surface finish is dependent output response in the production process with respect to
quantity and quality. This is mainly depends on different input parameters like cutting fluid, wheel speed, work
piece speed, depth of cut, grinding wheel grades, material hardness etc. The main objective is to achieve good
surface finish by optimizing selected parameters and analyze the process using CFD by constructing the 3-D
model which gives simulation of grinding process. Distribution of temperatures, pressures, velocities and flow
pattern in and around the grinding region are obtained in detail and helpful to obtain optimized grinding
process. This study provides a review on coolant problem, optimization of machine parameters by different
techniques and CFD analysis of grinding process for better grinding and job performance.

Keywords: Computational Fluid Dynamics (CFD), Coolant, Grinding, Surface Roughness, Metal
Removal Rate (MRR)
I INTRODUCTION
Grinding machines are generally used for achieving of high dimensional accuracy surfaces and good surface
finish. In most cases, the grinding is the final processing operation [1], [2]. The grinding wheel is formed by
aggregate of cutting edges with negative rake angles, creates comparatively large amount of heat over the
cutting operation. A large amount of coolant is needed to achieve the grinding performance in terms of grinding
forces, metal removal rate; temperature developed in grinding zone, Specific energy and better work piece
surface finish [3]. The traditional function of coolant may be cooling, lubrication, corrosion inhibition, chip
removal. It may vary for machining operations. In case of Grinding, the cooling is more preferable than lubricity
as high amount of heat develops due to high speed rotation of grinding wheel. These functions of coolant give
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improvement in tool life and surface finish. Generally the coolants are categorized into Straight type, Soluble,
Synthetic and Semi-synthetic type. A large use of coolants requires high amount of cost which is approximately
15 % of total production cost [4]. The major problem is dispose of it after use since it contains toxic
contaminants which pollute the land. Different institute and agency has introduced several health and safety
norms due to harmful emission from coolant to worker [5]. Thus from cost, health and environmental point of
view, two alternatives are important either to make eco-friendly coolant or use less coolant for grinding
operation.

II LITERATURE REVIEW
The literature review focuses on the literature study done on the review of related journal papers, articles
available as open literature. This literature covers the cylindrical and surface grinding process related to input
parameter such as cutting fluids and machining parameters on output response parameters using different
optimization techniques.
M. Ganesan et al. used Taguchi’s design of experiment and ANOVA method to optimize the grinding
parameters for surface roughness in cylindrical grinding machine. The material used for experimentation is 304
stainless steel and Sic type grinding wheel. The coolant is used for heat removal purpose and it improves the
surface finish of the machined workpiece. The DOE of L9 orthogonal array has been employed with cutting
parameters of cutting speed, feed rate, and depth of cut. The optimum parameters are found as 780 m/min of
cutting speed, 0.093 mm of feed rate and 0.05 mm of depth of cut. It is observed that cutting speed is a
dominating parameter [6].
Suresh Thakor et al. explain that, surface finish and metal removal rate are the important output response in
production with respect to quality and quality. The material selected for experimentation is EN8. The cutting
fluids, workpiece speed, and depth of cut are major input parameters. These are design by full factorial method.
Statistical software package MINITAB is used to derive the model between input and output parameters. The
experimentation is carried by cylindrical grinding with Al2O3 type grinding wheel. They found that, the water
soluble oil as cutting fluid is the most influential parameter followed by depth of cut and workpiece speed. The
optimum results of parameters are seen for water soluble oil when highest workpiece speed of 120 rpm and high
depth of cut of 500µm. Confirmation test gives surface roughness of 0.4246µm and material removal rate of
0.0974 gm/sec [7].
Deepak Pal et al. experimentally investigated the results of surface roughness in changes with process
parameters. The experiments are conducted on EN24, EN31 and die steel materials using universal tool and
cutter grinding machine. The L9 orthogonal array technique is used for input machining variables like work
speed, grinding wheel grades and hardness of material. They found optimal values of surface roughness for
cylindrical grinding process is 1.07Ra respectively. They concluded that roughness decreases when speed is
changed from 100 to 160 rpm and again decreases when speed changed to 200 rpm. Similarly when grinding
wheel grain’s change from G46 to G60, surface roughness decreases but as again changes to G80 roughness
increase considerably [8].

424 | P a g e

International conference on Science, Technology and Management
YMCA, New Delhi (India), 1 Feb 2015

ICSTM-2015
www.conferenceworld.in

Pawan Kumar et al. experimentally studied the effects of abrasive tools on EN24 steel surface using input
parameters namely grinding wheel speed, table speed and depth of cut. The experimentation is carried on CNC
grinding machine of Al2O3 type grinding wheel. The surface roughness and material removal rate are considered
here as output response. The randomizations of the run order and analysis sequences are carried out by Design
Expert 6.0 software. Response Surface Methodology (RSM) is used to determine optimum machining
parameters. The results shows that for

maximum MRR and minimum surface roughness, the optimum

combination of process parameters are wheel speed of 850 rpm, table speed of 15 m/min, and depth of cut of
11.94 µm [9].
George et al. proposed the working of cylindrical grinding machine with carborundum type grinding wheel and
effect of process parameter on surface roughness. They formulate an empirical relationship between the surface
roughness and the input parameters. Taguchi parametric optimization technique is used for optimization of
process parameters. The materials selected for experimentation are EN24, EN31 and EN353 type alloy steels.
The experimentation is carried considering process parameters as depth of cut, speed and hardness under soluble
oil as cutting fluid. It is found that surface roughness decrease as hardness of material increased. The surface
roughness decreases when speed increases from 60 to 120 rpm and depth of cut from 10 to 20 micron [10].
K. Mekala et al. performed the experimentation on austenitic stainless steel rods (AISI 316) using cylindrical
grinding machine. Taguchi design of experiments of L9 orthogonal array has been used with 3 level and 3
factors. The three factors are namely cutting speed, feed rate and depth of cut. The experiments are optimized by
S/N ratio and analyzed by ANOVA. The optimum process parameters for metal removal are found as cutting
speed of 560 m/min, feed of 0.130 mm and depth of cut of 0.05 mm. It is also observed that cutting speed is a
dominating parameter whereas depth of cut is an important for better grinding results [11].
Pai Dayanand et al. Presented the results carried on conventional surface grinding machine for Al6061-Sic
composites material using taguchi design of experiments technique. The specimens are manufactured by Stir
casting process. The variation of metal removal rate and surface roughness with grinding parameters is
mathematically modeled using response surface methodology. The experimentation is performed by full
factorial method of L27 orthogonal array where vol% of SiC, table feed and depth of cut are the input factors. It
is found that increase in volume percentage of SiC in grinding wheel, decrease in feed and depth of cut
improves the surface roughness while considering the same value but increase in depth of cut improves the
MRR [12].
Dayananda Pai et al. investigated the effects of optimized machine parameters on surface roughness in
cylindrical grinding for 6061 Al-SiC (MMC) type material. The experiments are performed for three input
factors namely hardness, depth of cut and flow rate at three levels create L27 orthogonal array is used for
experimentation. The surface roughness has been measured for machining of three MMCs specimen at different
cutting conditions using surface methodology. It is found that, increase in hardness improves surface finish of
material [13].
Halil Demir et al. studied the effect of grain size of grinding wheel and depth of cut on surface roughness of
AISI 1050 steel material using a Surface Grinder. The machining related parameters like grinding wheel
revolution, wheel dressing rate and coolant flow rate are considered constant during experimentation. The result
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gives lowest surface roughness when material grind by wheel of 80 grain size compare to grinding wheel of 36
and 46 grain size. Generally low grain number wheel used for large volume of chip removal operation. It is also
observed that surface roughness value significantly increases with increase in depth of cut during all stages of
experimentation [14].
M. Aravind, Dr. S. Periyasamy performed the experimentation on horizontal spindle hydraulic surface grinding
machine for selected process parameters namely abrasive grain size, depth of cut and feed on AISI 1035 steel
material. The minimum surface roughness value found by taguchi method at grain size of 60 meshes, depth of
cut of 0.05 mm and feed of 0.2 mm. The surface roughness value obtained by Response Surface Methodology
gives more good result compare to Taguchi technique for same input process parameters. They concluded that
feed of the surface grinding has minimum effect on the surface roughness of material [15].
Mustafa Kemal Kulekc analyzed the process parameters for AISI 1040 steel plate material using L9 orthogonal
array for optimum surface roughness. The work is carried on surface grinding machine using EKR46K type
grinding wheel. The grinding parameters considered are wheel speed, feed rate and depth of cut. They
concluded that the optimum grinding parameter combination using taguchi method includes wheel speed of
1500 r/min and depth of cut of 0.05 mm. The contribution of these parameters by Anova are ordered as 50%,
40% and 10% for depth of cut, wheel speed and feed rate respectively [16].
M. Janardhan, A. Gopala Krishna studied the effect of machining parameters namely table speed, wheel speed
and depth of cut on surface roughness and metal removal rate. The work is carried on EN24 material by CNC
grinding machine. The experimentation is carried by L27 orthogonal array technique and WA60K5V type
grinding wheel. The better surface roughness are obtained for smaller value of table speed, depth of cut and
large value of wheel speed while most influential factors observed as table speed and depth of cut [17].
Pawan Kumar et al. presents the results experimentally carried for surface roughness and material removal rate
considering Al2O3 and SiC type wheel material. The work is carried on EN24 material using CNC grinding
machine for wheel speed, depth of cut and table speed. The results shows that the optimum machining
parameters found using Al2O3 wheel are wheel speed of 750 rpm ,table speed of 3m/min and depth of cut of 6
µm, similarly minimum surface roughness found at wheel speed of 1100 rpm, table speed of 3m/min and
depth of cut of 18 µm when used SiC wheel. This observed that SiC type wheel gives minimum surface
roughness whereas Al2O3 type wheel gives better MRR [18].

III GRINDING PROCESS
The formation of air barrier around the grinding wheel periphery restricts the flow of grinding fluid into the
grinding zone. This phenomenon is normally observed in high surface speed of grinding wheel. The method used
for delivery of cutting fluid by jet tangential to wheel via a nozzle is ineffective under high speed grinding
conditions where the energy of the fluids is not sufficient to penetrate the boundary layer of air surrounding the
wheel. The direction of reversed air flow opposes the flow of cutting fluid as it has enough momentum to hold the
cutting fluid back.
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Ebbrell et al. analyzed the velocity direction of air that can split into two streams when fluid approaches the
grinding zone i.e. the boundary layer along the grinding wheel and the reversed air flow along the workpiece
shown in Fig. 1. The effect of the boundary layer especially near the grinding zone shows the grinding fluid of
low velocity. This problem can overcome by selecting the proper nozzle position and choosing proper value of air
pressure and spraying distance [19]. CFD is one of the options to model the flow patterns of the boundary layer
approaching the minimum gap.

Fig.1 Boundary layer of air around the grinding wheel periphery

IV LITERATURE PAPERS ON CFD ANALYSIS OF GRINDING PROCESS
4.1 CFD Analysis
CFD analysis of grinding systems gives insight to metalworking fluid, grinding wheel and workpiece and it
provides valuable information to designers in order to optimize the grinding process and to achieve efficient
delivery of the grinding fluid. Therefore CFD modeling is important tool for selecting the optimum delivery
conditions in proper application. Distribution of temperatures, pressures, velocities and flow pattern in and around
the grinding region are obtained in detail and helpful to obtain optimized grinding process for better grinding and
job performance. The selected papers of authors are summaries here.
4.1.1 Literature Papers
Stefan D. Mihic et al. explain CFD models used to simulate the fluid flow and heat transfer in a grinding
process. The main characteristic of grinding is high precision and high surface finish. The relatively large
contact area between tool and workpiece surface creates difficulties in supplying coolant to grinding arc, thus
resulting thermal damage to workpiece as well as overloading and wear of the grinding wheel. Thus, simulation
of grinding process using CFD by creating 3-D model gives the accurate picture and information regarding
distribution of temperatures, pressures, fluid flow pattern in and around the grinding region. These results of
information are not possible by using experimental work [20].
Stefan Mihic, Sorin Cioc et al. presents the significance of Computational Fluid Dynamics (CFD) models used
to simulate the fluid flow and heat transfer in a grinding process. They explains the importance of correct fluid
flow which enhanced process stability, better workpiece quality and tool life. The replacements of numerous
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experiments which are expensive, time-consuming and have limited capabilities are overcome by CFD
technique. The author stated the 3-D model for detailed distributions of temperatures, pressures and flow rates in
and around the grinding region [21].

V CONCLUSION
After critically analysis and evaluation, the findings of various researchers in the field of high speed abrasive
finishing, it has been observed that good surface finish is obtained with optimum grinding condition. Increase in
cutting parameters affects the vibration of grinding machine, grinding wheel, more metal removal and excessive
heat on the workpiece. This cause gives poor surface finish. The simulation of grinding process using CFD
provides valuable information regarding useful flow rates, maximum temperatures and pressure developed in
grinding region.
The conventional use of coolant for grinding is harmful to human and environment. The cost of coolant is more
and unaffordable to industries which use large quantity of coolant for good grinding results. The experimental
analysis and CFD analysis of grinding process and related parameters is cost effective and helpful to all scale of
industries where grinding operation categorized in finishing mode.
The ultimate objective of high speed abrasive finishing process is to achieve higher dimensional accuracy with
better material removal rate. It can be achieved when reduction in grinding forces and temperature in grinding
zone are obtained. The grinding operation develops a large amount of heat which deteriorates the surface finish of
work piece.
Our suggested experimentation is related to grinding process and CFD analysis in order to achieve the optimum
grinding performance. The conclusive remarks are very beneficial to the industry people.
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ABSTRACT
Mass attenuation coefficients (µm) of ZnO at different γ-energies were determined experimentally using narrow
collimated beam transmission method. The sample was irradiated with radioactive point source of different γenergies viz. Am (0.0595MeV), Cs (0.66MeV), Co (1.173MeV & 1.332MeV). The transmitted γ- photons were
detected and recorded by a NaI(TI) scintillation detector with resolution of 8.5% for 0.662MeV of

137

Cs.

Theoretical mass attenuation coefficients were estimated using mixture rule. The experimental values reported
in the present work are compared with the calculated values and the values obtained from X-COM. Linear
attenuation coefficient (µl), total atomic cross-section (σt), electronic cross-section (σe), effective atomic number
(Zeff), electron density (Neff) and photon mean free-path (λ) were determined with semi-empirical relations using
mass attenuation coefficients obtained experimentally and theoretically. Experimental values of parameters
reported for ZnO investigated in the present work using different γ-energies are compared with the estimated
theoretical data.

Keywords:

Mass Attenuation Coefficient, Linear Attenuation Coefficient, Effective Atomic

Number, Effective Electron Density.

I INTRODUCTION
The interaction of high energy photons with matter is important in radiation medicine, biology, nuclear
engineering and space technology. The study of parameters such as mass attenuation coefficient (µm), linear
attenuation coefficient (µl), total atomic cross-section (σt), electronic cross-section (σe), effective atomic number
(Zeff), electron density (Neff), mean free-path (λ) are important parameters in understanding the physical
properties of composite materials. They are very important in many applied fields like nuclear diagnostics,
radiation protection, nuclear medicine and radiation dosimetry. The quantities can be determined theoretically
and experimentally. Mass attenuation coefficient is a measurement of how strongly a substance absorbs or
scatters radiation at a given wavelength, per unit mass. Mass attenuation coefficient can be used to derive many
other photon interaction parameters. Linear attenuation coefficient (µl) describes the fraction of a beam of Xrays or γ- rays that is absorbed or scattered per unit thickness of the absorber.
There have been experimental and theoretical investigations to determine (µ m) values in various elements and
compounds/mixtures. Hubbel [1] reported (µm) values for 40 elements and 45 mixtures and compounds over the
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energy range from 1keV to 20MeV. These tables were replaced with Hubbel and Seltzer tabulation for all
elements (Z=1-92) and 48 additional substances of dosimetric interest [2]. Berger and Hubbel developed the
theoretical tables and computer program (XCOM) for calculating attenuation coefficients for elements,
compounds and mixtures for photon energies from 1keV to 100GeV [3]. This program was transformed to the
Windows platform by Gerward et al.[4] and the Windows version is being called WinXcom.
Scattering and absorption of X-ray and γ-radiation are related to the density and atomic numbers of an element.
In composite materials, it is related to the effective atomic number (Zeff) and the electron density (Neff). In
composite material, a single number cannot represent the atomic number uniquely across the entire energy
range, as the partial interaction cross-section have different atomic number, Z, dependence [5]. This number is
called the effective atomic number, (Zeff), which is very useful parameter for many fields. Effective atomic
number is a convenient parameter for representing the attenuation of X-rays and γ-rays in a composite medium
and particularly for the calculation of dose in radiation therapy [6]. This number is very useful in choosing a
substitute composite material in place of an element for a given energy depending on the requirement. Several
investigators [7-19] have made extensive (Zeff) studies in variety of composite materials such as biologically
important materials, semiconductors, alloys, dosimetric compounds and glasses. In literature, there are almost
no reports on the study of photon interaction parameters of ZnO. This prompted us to carry out this work.
The experimental values (of γ- interaction parameters with matter) obtained for different γ-energies are
compared with the estimated theoretical data and the values of X-Com.

II EXPERIMENTAL METHOD
Transmission experiment with the narrow beam (good-geometry) setup has been used for measuring the incident
and transmitted intensities, and hence calculating the attenuation coefficient. The gamma rays are well
collimated using lead collimators. Each of the collimators has a cylindrical shape and a circular aperture.
The ZnO of the present study has high purities (99.5%–99.9%), consists 80.34% of Zn and 19.66% of Oxygen.
The pellet is prepared by compressing the ZnO powder at a pressure of 2700 psi. The weight of the powder is
25.0 gm and the thickness of pellet is 1.40 cm. The sample material has been shaped into pellet with a die set by
using hydraulic press, for measuring the attenuation. The sample was then firmly mounted on the sample holder
as shown in Figure 1.

Fig.1. Sample Holder with Sample
The sample holder along with the sample is fixed between the source and the detector at appropriate position
ensuring a proper alignment of sample with collimation 6mm on either side. The distance between γ- source and
sample was 8cm and the distance between sample and detector was 6cm. The sample pellet was irradiated by
different γ–energies [(0.0595 MeV), (0.662 MeV), (1.173 MeV & 1.332 MeV)] emitted by 10 mCi

241

Am, 30
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mci 137Cs and 11.73 µCi 60Co radioactive point sources respectively Intensities of the transmitted photons were
recorded, by choosing the counting time as 20 minutes, under the photo peaks.
The γ - ray counts of different energies with sample (I) and without sample (Io) were detected and recorded
using a NaI (Tl) scintillation detector of (3×3inch) crystal coupled with a multichannel analyzer. The gamma
radiation detector used in our study is a sodium iodide – thallium activated detector. The detector has a
resolution of 8.5% for 0.662MeV of 137Cs. The energy and the efficiency of the system were calibrated using a
certified standard source from the International Atomic Energy Agency.
Measurement of γ-ray attenuation counts at every energy repeated a minimum of nine times before and after the
sample was introduced and the average value was considered in all our calculations. Every time the source of γradiation is replaced by the other in the source vault, the setup is recalibrated.

III THEORY
The relations used in the present work are summarized in this section. Mass attenuation coefficients for the
different materials and energies are determined by performing transmission experiments. This process is
described by the following equation:

I  I 0 exp( mt )

(1)

Where I0 and I are un- attenuated and attenuated photon intensities
µm = µ/ρ (cm2/g) is the mass attenuation coefficient
t (g/cm2) is sample mass thickness (the mass per unit area)
The total mass attenuation coefficient µm for any chemical compound or mixture of elements

is given by

mixture rule [6]:

 m   wi (  m ) i
i

Where

wi

(2)

is the weight fraction

(µm)i is the mass attenuation coefficient of ith element
For a material composed of multi elements the fraction by weight is given by

wi 

ni Ai
 ni Ai
i

Where

Ai

(3)

is the atomic weight of the ith element and ni is the number of formula units.
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The total atomic cross-section (σt) for materials can be obtained from the measured values of µ m using the
following relation

m N

t 

Where

NA

(4)

N   ni Ai is atomic mass of materials

(5)

i

NA is the Avagadro’s number.
Total electronic cross-section (σe) for the element is expressed by the following equation

e 

1
NA



fi Ni

( m ) i  t
Zi
Z eff

(6)

Where fi denotes the fractional abundance of the element i with respect to the number of
atoms such that f1+f2+f3+f4+……..fi =1
Zi is the atomic number of ith element
The total atomic cross-section (σt) and total electronic cross-section (σe) are related to the effective atomic
number (Zeff) of the material through the following relation

Z eff 

t
e

(7)

Effective electron number or electron density (Neff) (number of electrons per unit mass) can be calculated using
the following relation:

N eff 


NA
Z eff  ni  m
N
e

(8)

The average distance between two successive interactions, called the photon mean free path (λ), is given by




 x exp( x)dz
0


 exp(x)dx
0



1

l
(9)
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Where (µl) is linear attenuation coefficient and x is the absorber thickness.
The uncertainty in the measured physical parameters depends on uncertainty in the furnace temperature and
measurement of the mass attenuation coefficient, which has been estimated from errors in intensities I0, I and
thickness (l). Estimated error in these measurements was around 2%.
Theoretical values for the mass attenuation coefficients can also be obtained by Win Xcom program [20]. This
program is based on mixture rule to calculate the partial and total mass attenuation coefficients for all elements
and mixtures at standard as well as selected energies.

IV RESULTS AND DISCUSSION
Mass attenuation coefficients (µm) of ZnO studied in the present work have been obtained experimentally for
different photon energies. The values obtained experimentally are compared with theoretical values calculated
by using semi-empirical relations (1, 2 and 3) of section-3 and with the values of X-Com and are in good
agreement, as seen in the Table 1. The mass attenuation coefficient values decrease with increase in photon
energy as seen from Figure.2. The mass attenuation coefficient of a material decreases because probability of
absorption reduces with increasing incident photon energies which results in the increase in the transmission of
photons through it. The experimental values of ZnO studied in the present work are smaller than their theoretical
values. The difference might be from experimental setup, counting and efficiency errors. Linear attenuation
coefficients (µl), total photon interaction cross-sections (σt and σe), effective atomic number (Zeff), effective
electron number (Neff) and photon mean free path (λ) for ZnO at different γ-energies are estimated by using
mass attenuation coefficients (experimental, theoretical and X-Com values) obtained, with the help of semiempirical relations (4-9) of section-3 as seen from Table 1. The Zeff and the Neff remains constant and are found
to be independent of photon energy for a compound. As seen from the Table 1 and from Figure 3 and Figure 4,
total photon cross-section and electron cross-section (σt and σe) decreases with the increase in photon energy.
Lastly, the photon mean free path (λ) for a compound found to be increasing with the photon energy as seen
from the Table 1 and Figure 5. This is due to the decrease in the probability of interaction of photons in the
material with the increase in energy

V CONCLUSIONS
Present experimental study has been undertaken to get information on the (µ m) and related parameters (σt, σe,
Zeff, Neff and λ) for ZnO at different γ-energies. We can understand that the (µ m) is useful and sensitive physical
quantity to determine the (Zeff) and (Neff) of a compound. The (µm) values ZnO in the present study decreases
with increase in photon energy. Also, the variation of (σt and σe) with energy is identical to mass attenuation
coefficient. The data (µm, σt, σe, Zeff, Neff and λ) of ZnO at different γ- energies in the present study has been
reported for the first time.
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Table-1
µ, µl, σt , σe, Zeff , Neff. and λ values (comparison between experimental, theoretical and X-com )
of ZnO at different γ-energies
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ABSTRACT
Unified communication consisting of Voice, Video and Data play an important role in present day internet
based business communications. Quality of this communication is highly essential and even though this quality
is directly depend on the bandwidth of the network, it get impacted by various other factors like protocol
compliance of the end media devices, real time occurrence of delay at each router and packet drops. In this
paper we introduced few new techniques which can reduce the execution time in choosing a minimum cost
spanning tree when a fault occurs. Different types of possible faults are listed and their corresponding minimum
cost spanning trees are pre-generated and kept at all possible sources and destinations. Quick sort algorithm is
suggested to sort the link costs which will take the minimum execution time. For a given fault, an optimum
minimum cost spanning tree is chosen which will vary minimally from the minimum cost spanning tree of the
fault-free network and this alternate tree is readily used to transmit packets in the occurrence of the fault. This
technique will minimize the delay time when a fault occurs and this will improve the quality of the
communication.

Keywords Broadcasting, Fault Tolerant Networks, Minimum Cost Spanning Trees, Multicasting,
Unified Communication, VoIP

I INTRODUCTION
Unified communication is a technology which is a combination of Voice over Internet (VoIP) [1], Video
communication and Data communication through an IP network. Since this technology removes the necessity of
physical presence of team members for any meetings in same hall, this becomes a very high effective cost
saving tool for business establishments. This technology is currently growing with internet and rapidly
undergoing continuous changes in methodology and implementation.
VoIP and Video communication uses SIP(Session Initiation Protocol) and RTP(Real Time Protocol) for initial
handshake and voice packet transmission respectively. SIP servers establishes the connection between caller and
callee. Different CODECs(Coding and Decoding) like G711, G723 are used for compression and coding of the
voice packets. VoIP quality is measured by the metric MOS (Mean Opinion Score) [2] which vary between 1
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and 5 where 1 stands for poor quality and 5 stand for best quality. Figure 1 shows a sample MOS graph. Various
researches were done on calculation of MOS and optimization of the same.

Fig 1: MOS Graph

II MOS FORMULA AND METRICS
MOS is calculated based on two or three metrics related to packet transmission. Specifically it is a function of
jitter and packet loss where jitter is the delay in transmission of consecutive packets at destination compared its
starting point and packet loss is defined as number of packets that doesn’t reach the destination per second.
Since MOS is a caller and callee based opinion metric, there are several formulas used by the service providers
to assess the quality of VoIP calls. The benchmarking of the calls are also based on the CODECs that are used
for communication. Figure 2 shows a monitoring tools that displays the metrics like jitter and packet loss.

Fig 2: Monitoring tool displaying jitter and packet loss
The metrics like jitter and packet loss are continuously monitored by software tools by sniffing the VoIP traffic
at source and destination. These metrics are collected on real time basis and stored in data base servers in cloud.
A reporting software application that is running in a processing server calculates the MOS using these metrics
and report it to the user for real time monitoring of the quality. This is either done by static pdf reports or
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through a monitoring application. Figure 3 shows various cloud and servers that are used for real time
monitoring.

Fig 3: Servers in clouds for real time monitoring

III FAULTS AND GENERATION OF MINIMUM COST SPANNING TREE FOR
BROADCASTING
3.1 Efficient Algorithm for a Fault Tolerant Network
Efficient broadcasting increase the overall quality metrics as it is described in previous section as the packet
drops get reduced when the path is more free from the fault. In internet network, a broadcasting is done from
single source to all other nodes in a selected sub-network and for this purpose the minimum cost spanning tree is
derived in real time based on varying cost factors of a network. For much of the network the issue is not in
varying cost but the occurrence of a fault which disconnects the spanning tree and hence the broadcasting
message never reaches some part of the destination network. Since in broadcasting network acknowledgement is
not defined, the loss of message becomes evident and the purpose of broadcasting gets defeated.
To avoid such scenario, whenever a fault occurs a new spanning tree is generated and used and the optimality is
compromised for the speed. In [4] technique is suggested to minimize the impact of cost deviation on
occurrence of a fault. It is given below:
Optimization Methodology
Step 1:
a.

The broadcasting source S be a single node or multiple nodes which is used to broadcast the
desired messages.

b.

The source set S generates the Minimum Cost Spanning Tree ( MCST ) based on available facts
with it. Let the MCST be denoted by “T” and its total cost be C( T ) = CT

Step 2:
a.

With the use of prior events, a data base is created where this data base has all possible faults that
may occur in near future. These faults have high probability of occurrence because of various
factors.
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For each Fault “Fk”, a MCST “Tk” is pre-generated with cost “CTk”.

Step 3:
a.

A fault “F” occurs and this information reaches the source set “S”.

b.

Instead of regenerating the MCST for this fault, the source pick the MCST from the database and
uses it for broadcasting.

When the network is huge the time generating the MCST is very high and saving this time at the source will
optimize the total cost for broadcasting. As in other algorithms in networking, this method is not error-free and
it is a greedy solution, that is, gives an efficient algorithm which gives near optimum solution.
Also as explained at end of this section, the source S can choose a desired MCST based on “preferences set”, a
set of preferences of nodes and links that can either be most preferred or most disliked depends on various
factors like cost of that node or link, vulnerability and time zones of the geographical location .

3.2 Quick Sort in Minimum cost Spanning Tree Algorithm
The following displays the algorithm at top level on sorting.

An example explained below will explain the algorithm.
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MCST is found for above network either with the use of Kruskal or Prim’s algorithm and the MCST is given
below:

When the fault occur the resulted graph and spanning trees are shown below:
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The resultant MCST is considered for broadcasting by considering various preferences which can vary with
respect to time.
Graph operations used in this paper are referred from the book [4] .

IV CONCLUSION AND FURTHER AREA FOR RESEARCH
To increase the quality level of communication, we need to reduce the dropped packets. Primarily the packets
are dropped because of the queues in ports of router get full often. In this paper we introduced an algorithm
which can be applied for a network where the faults occur frequently and also the network is heavily used for
broadcasting.
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Currently the computer network is working based on IPv4 protocol which uses 32 bit IP address. Technology is
going towards the protocol IPv6 which uses 128 bit address where the packets sizes may also increase including
the protocol header size. This concept will completely change the requirement of new algorithms in routers to
handle with keeping the overall time delay that is going to introduced in network due to IPv6. This area is a
promising domain for further research.
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ABSTRACT
Tremendous growth of information and communication technology brought crucial changes in the every part of
society including education. It has also raised the interest of researchers & educational practitioners who wants
to combine its capabilities with the World Wide Web to facilitate the creation of online collaborative virtual
environments over last decade. However, these CVEs have been focusing on sharing of events; giving very less
attention to the specific services and functionalities it could provide to the traditional e-learning systems. This
paper describes the review and analysis of the current efforts that are developing, evaluating or using
collaborative virtual environments in education

Keywords: Virtual Environment, Avatar, VRML, Collaborative Learning, E-Learning
I INTRODUCTION
As the nature of the working environment is shifting from a product-based economy to a knowledge-based
economy, Online learning technologies and particularly virtual learning environments are gaining an educational
foothold among the people who wants to acquire degree or education to cope up with the ever changing demand
of knowledge and skills in an increasingly globalised economy without disturbing their regular duties. . It has also
raised the interest of researchers & educational practitioners to carry out research in the field of Collaborative
Virtual Environment (CVE) over last decade. As stated by G. McArdle, these Collaborative Virtual Environments
(CVEs), are computer-enabled, distributed virtual space or a place, that enables multiple users, located at different
physical locations to meet and interact with each other, with agents or with virtual objects and study the
educational material which can be either in the form of 3D model, image, audio, video or simple text [1]. For
getting increased effectiveness with the CVES, the design of these CVEs should be based on certain design
principles that are extracted from a generalization of the design elements gathered after the analysis of
Dillenbourg’s interpretation of collaborative learning [2],

Moshman’s interpretation of dialectical

constructivism [3] & Current learning theories. According to it CVEs


Have common features with a physical space and should be shared among the users to provide the sense
of place
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Support number of persons having different roles and rights.



User within the environment should be represented realistically to enhance their virtual and social
presence



Users within the environment should not be passive, but should be able to interact with the environment
and other inhabitants within the environment.



Support a natural way of interaction, which is as close as possible to the real world, contributing the easy
and fast familiarization and adaptation of users to the virtual environment.



Integrate various technologies to mimic the real learning situation and to support various e-learning
scenarios that cater the need of student with different learning style.



Support various functions related with learner support and management.



Provide flexibility in terms of time and space

Currently, some systems exist like VRLEARNERS [4], C-VISion [5], & VES [6] that makes the use of CVEs
features for supporting the teaching & learning of various subjects related with history, physics, chemistry,
biology, engineering and design. The next section will discuss about it.

II RELATED WORK
Taking into consideration the capabilities of CVEs, much research has been done on the exploration of its unique
features and their interaction in the distance education, learning and collaboration. In this section, characteristics
and usage of different CVEs are summarized.
A. C-VISion: C-VISion Project was developed by National University of Singapore (NUS) for supporting
science education to School students.

C-VISion uses desktop variant of virtual reality to create an online

multi-user collaborative virtual environment that encourages students to run science experiments related with
physics, chemistry, and biology in the virtual world and view the outcomes as they change simulation
parameters. Users represented as avatars in the space can navigate within the 3D worlds and interact with
other users as well as virtual objects in the worlds albeit in fairly limited ways [5].

B. VEC3D: VEC3D (virtual English classroom) is 3D immersive and interactive campus-like learning
environment developed by National Science Council, Taiwan to enhance Taiwanese learner’s English
communicative competence. It integrates various goal-based activities and vivid 3D graphics in which
learner can take part in order to expand their knowledge, construct meaningful personal understanding, and
gain communicative competence. It also provides a novel platform for students to conduct synchronous
communication and real-time interactions in written and spoken format [7].
C. AppEdTech: AppEdTech, developed by Appalachian State University; assist college students in web design
course. Using three dimensional virtual environments, AppEdTech provides a sense of presence and develop
learning communities often lacking in current distance learning environments. The system is equipped with
number of different 3D scenes, such as a frontier town, a park, or Roman palace in which participants
represented by avatar, can move using keyboard commands and can interact with each other and with objects
within the world in order to complete the task. Moreover, active web links and other resources are also
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available to help or guide the learner during their session. In addition to these, several forms of individual
and group communication tools are provided within the environment to encourage small group discussions
concerning collaborative assignments and tasks to be completed [8].

D. RiverCity: River City is a multi-user virtual environment designed by Harvard University for teaching
scientific inquiry and 21st century skills to the student of middle school science class. In this world, students
conduct their scientific investigations in a virtual historical town—populated by themselves, digitized
historical artifacts, and computer agents—in order to detect and decipher a pattern of illness that is sweeping
through the virtual community. Students manipulate a digital character, called an avatar, in order to explore
the town; and they conduct virtual experiments to test their scientific hypotheses about the causes of the
River City epidemic [9].

E. VRLEARNERS: VRLEARNERS project, developed by European Commission, assist the school students
in understating Europe’s cultural heritage. It enable groups of geographically disperse educators and students
to access digital archives of European museums and work together by inhabiting common three-dimensional
information spaces. It offers numerous services including; navigation within digital museum archives,
linkage to other sources of on-line information, guided tours by experts and collaboration between students
and teachers to achieve their goals [4].
F. VES: VES Project is designed by Educational Multimedia Task

Force Initiative of the

European Union to assist secondary school education. It is 3D, multi-user, distributed Virtual Environment
that provides educational material and communication facilities to students and teachers through a userfriendly 3D interface to supplement traditional teaching techniques. Interactive activities are also provided
for students to reinforce learned theories in a practical manner [6].
G. Virtual Campus: Virtual Campus is a shared virtual world of the real campus of Nanyang Technological
University in Singapore; used for teaching the concepts of virtual reality, real time rendering and shape
modeling to the computer graphics students. It includes VRML models of the land, buildings, interiors,
avatars, and texture images that can be accessed from any internet connected personal computer. In this
world student represented as avatar can easily navigate the familiar 3D environment, can go to their favorite
places, can attend electronic lectures or can meet with friends and chat with them. In addition to this virtual
campus is populated with the number functions that guide or provide work-related assistance and quick
answering questions on computer graphics and virtual reality to the students. Moreover, one of the places of
the virtual campus includes Collaborative shape modeling hands-on experience, which teaches students how
3D shapes and their colors can be easily defined with parametric and implicit functions and thus add more
immersion and fun to education [10][11] .
H. AWEDU-Chemeet World: Using three-dimensional models of molecules, AWEDU, developed by
University of Milan; allows undergraduate college students to explore together the spatial configuration of a
molecule, its shape and orientation and acquire deep understanding about molecules’ complex structures. As
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avatars students can interact with molecular objects and simulate chemical experiments in the 3D world. In
addition to these white board is provided within the world to improve in-world communication between
teachers and students [12].

III EVALUATION OF DIFFERENT CVES
As discussed in above section the design of effective CVEs should be based on certain design principals which
suggest that collaborative virtual learning environment should encompass media over which educational
procedures and interpersonal communication could be performed in a manner closer to the real classroom. To
achieve this, it needs to incorporate a synchronous system using which the teacher can interact with real-time in
class (online lectures from a trainer on a specific theme), an asynchronous system that can let the learner to study
in their free time with educational material and notes from previous lectures or minutes from collaboration, and a
system that can serve as a meeting point among the members of learning communities for exchanging ideas,
accessing the information and collaborating on learning activities. Besides these, it also needs to incorporate 3D
virtual environment which can increase learner’s interest and attention and sophisticated services that provides the
leaner support. The below table shows the comparison of different CVEs based on these design elements.

Table 1: Comparison of different collaborative virtual learning environment based on the
functionalities it supports and components it includes to support that functionalities

Smooth display of view changes and object
motion
Immersive audio with distance attenuation
Kinaesthetic and tactile force feedback
User representation as realistic avatar
Avatar configuration or customization
Avatar’s interaction with environment and
its objects including view control, navigation
& object selection and manipulation of its
attributes
Reflection and propagation of userinteraction events within shared environment
Support for situated remote communication
Text chat
Voice (VoIP) chat
Avatar gestures

VRLEARNERS

VES

Virtual Campus

AWEDU

Representational fidelity, learner interaction & workspace awareness
Realistic display of environment and its
1
1
1
objects using 3D space

RiverCity

AppEdTech

VEC3D

Name of the CVEs

C-Vision

Tool/ Functionality

1

1

1

1

1

1

N/A

1

1

1

1

1

1

3
3
2
N/A
1

3
3
2
3
2

3
3
1
1
1

N/A
3
1
1
1

1
N/A
1
N/A
2

N/A
3
1
N/A
1

3
3
1
N/A
1

3
3
1
1
1

1

N/A

1

2

1

1

1

1

1

1

1

1

1

1

1

1

2
3

1
1

1
1

1
1

1
3

N/A
N/A

1
N/A

N/A
1
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E-mail
Forum/Bulletin board /Discussion board
Remote task support and collaboration
Application sharing
Shared whiteboard
Shared slide presenter
Real-time audio/video streaming
Brainstorming tool
Co-browsing
Student’s support and management
Student’s self-regulation / Active learning
Inclusion of multimedia /hypermedia
knowledge base or curriculum that cater
different learning styles & need
Inclusion of simulations or interactive
demonstration or story-based scenario
Inclusion of course management and
administration for providing versatile
course content to the learner
Support for learner scaffolding and guidance
System help, tips or annotation
Teacher’s assistance
Intelligent agent
Support for learner knowledge assessment
Through assessment of one to one
tutorials
Using self assessment quizzes or practice
modules with feedback
Learner progress & performance monitoring
Maintenance of student’s learning history
Maintenance of evaluation history

www.conferenceworld.in
3
3

3
1

3
1

N/A
3

1
3

1
3

3
3

3
3

3
1
3
1
1
3

3
3
2
1
3
3

3
3
3
3
3
3

3
3
3
3
3
3

3
3
3
3
3
3

3
3
1
N/A
3
3

3
3
3
1
3
3

3
1
3
1
3
3

3

2

2

2

3

1

3

3

1

1

1

1

1

3

1

1

3

1

1

N/A

N/A

1

3

3

1
3
2

1
1
3

1
N/A
3

1
N/A
1

1
3
3

1
1
N/A

2
3
1

1
3
3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3
3

N/A
3

3
3

1
3

N/A
3

3
3

3
3

3
3

10
1
18

12
0
17

10
10
13
12
10
12
Functionality fully supported
3
4
1
2
1
0
Functionality partial supported
16
15
15
15
18
17
Lack of functionality
In this table 1,2 and 3 respectively indicates Full, Limited or No support of particular feature in

application

IV RESULTS AND DISCUSSION
The applications presented in the section 2 are much more mature and are more suitable for wide-spread use
regarding the hardware and software requirements. All these eight applications are based on desktop virtual
reality technology that makes the use of standard desktop computers and conventional interaction devices (e.g.
mouse and keyboard) for the creation of learning space which mimics the real learning situation so they are much
more cost effective and easy to use. Secondly, the simulator sicknesses, the physical and psychological stress
factors, associated with immersive environments were rarely found with these applications. In addition to the
cost and usability, for enhancing the virtual and social presence, these CVEs had represented the virtual
environment very realistically using 3D graphics and had represented the users within the environment as avatars
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that can actively involved within the environment and can interact with each other and with the objects of the
environment. However, as depicted in Table 1; some of these CVEs had limited support for realistic avatar
representation, avatar customization and body language and that’s why the feeling of real presence and the sense
of being there physically, was still limited with them. It was also strongly suggested that multi-user collaborative
VEs should include multiple communication options (i.e. text, voice, gestures) to support the social need of the
member of learning communities. But most of these applications rely primarily on the text based communication
and have a very little or poor support of audio discussion and user gestures

which was not sufficient when the

discussion on the complex concepts is required. Besides the communication features which aim on supporting
collaborative work or real time information sharing among the members are either not integrated or partially
included with these applications and thus the increase of social presence is not accomplished. However, majority
of these applications support learner centered environment where learner get active role in the learning process,
they offer little room for learners’ knowledge assessment, learners’ support and monitoring of the learners’
progress and participation during the learning process; which is the key requirement to support exogenous view of
constructivism.

V CONCLUSION AND FUTURE WORK
Results of the review and existing data suggest that this technology offers significant and positive support for
education. On the basis of this review, it is also important to note that still much work need to be done in this
direction to support several learning objectives which are more or less missing in the above discussed
applications. This study indicates the right direction on the basis of which a further larger scale study can be
planned in this area.
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ABSTRACT
This paper presents the Transient conjugate heat transfer analysis of aircraft brake assembly. Braking leads to
generation of heat between the stators and the rotors. This heat largely transfers into the wheel assembly,
thereby raising the temperature of the components. Increase of temperature can lead to tire burst, loss of
strength of wheel material and “nuisance” blow out of thermal fuse. Thermal analysis is carried out to evaluate
the extent of heating of the wheel, in the presence of heat conduction, convection and radiation. When an
aircraft is parked, brake cooling takes place due to natural convection also. Heat is carried away to the
surrounding air due to buoyancy driven flow from the brake assembly components and air gap between them.
Initial simulation is carried out assuming the natural convective heat transfer at the surfaces, which are in
contact with the surrounding. In the second stage, CFD simulation is carried out to check the assumed heat
transfer coefficients. A more refined model, with brake stack separated into rotor and stator segments, time
varying heat generation similar to actual braking and varying levels of connectivity between the wheel and
rotor elements have been incorporated in the simulation. Effect of radiation heat loss has also been
incorporated. Further, effect of forced cooling on the temperature at different points on the wheel is studied.

Keywords: Aircraft Brake, CHT, Buoyancy, Radiation, CFD, Thermal analysis of aircraft brake
I INTRODUCTION
Braking systems are employed on all civil and military aircraft to decelerate the aircraft on ground. One of the
major problems encountered is the thermal management issue, as excess heating of the surrounding components
can cause deterioration of aluminum wheel strength, blowing up of thermal fuse much earlier than required
(Nuisance trip), deterioration of tire rubber components, etc. The problem is most critical under maximum
landing weight condition and for Rejected Take-off cases, when maximum amount of heat is to be absorbed by
the brake stack. Under these conditions, the brake stack attains a very high temperature and this should not lead
to failure of structural components or cause fire in the brake assembly
Brake stack

Hub
Wheel

Isometric cut-view

Sectional view
Fig 1 Brake Model
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After an aircraft lands and attains a stabilized path on ground, close to the center line of the runway, the Pilot
applies the brakes. He may also deploy other decelerating devices such as lift dumpers, brake chute, spoilers etc.
The kinetic energy of the aircraft is transformed to heat energy in the brake stack corresponding to the braking
effort. Depending on the mass of the stack and its thermal capacity, the temperature of the brake stack goes up
first, during the braking phase. After landing run comes to a stop, the aircraft is taxied back to the Tarmac, with
occasional use of brakes to control the speed and finally bring it to a stop. Subsequently, the aircraft would be
on ground, at least up to minimum turn-around time or longer, since the temperature of the brake stack is a
criterion for permitting the subsequent flight. It is, therefore, important to ensure quick heat dissipation from the
brake stack, without excessively heating up the wheel and the hub. Heat dissipation is through natural
convection and radiation to surrounding air and conduction to connected parts. The gaps between the wheel and
the brake stack and holes in the wheel permit air flow to be set up due to buoyancy.
In military aircraft, space constraints limit the size of brake stack and the use of devices such as fans, to improve
the convection (forced convection), is not always possible. A good simulation of the thermal environment would
help understand the problem at a fairly early stage of design and enables taking appropriate steps, before the
aircraft gets ready for Certification. Simulations of the thermal environment and the time history of the
temperatures at various locations were successfully carried out in the past (Ref 1). The CAE team at HCL
Technologies carried out a similar exercise using FLUENT software. This paper summarizes the efforts and the
results obtained.

II BRAKE ASSEMBLY DESCRIPTION
2.1 Model
The model chosen was similar to that in Ref 1. This was done so that it would permit comparisons to be made
with the results from that analysis. As no dimensions were presented in the reference, a similar model was
created using CATIA V5 software. A schematic is given in Fig 1 above. The model was simplified as more
importance was given to fluid flow in the passages rather than to conductive heat transfer between the
components of the brake assembly. For example, the connectivity between the rotors and the wheel was not
modeled. Similarly splits between stators and rotors were not made, treating the brake stack as one body and the
brake stack was directly connected to the hub. However, holes in the wheel, that permitted the air to flow out of
the wheel, were modelled. The model was refined subsequently after initial concepts were validated.

2.2 Domain
The solid body was meshed with tetrahedral elements. The fluid region was filled with prism elements on the
boundary and the remaining region filled with tetrahedral elements. It was ensured that at least six layers were
available in the minimum gap passages. For the initial analysis, entire brake stack was considered as a single
component and connected to hub. No connection was maintained between the wheel and the brake stack. Figure
below shows the fluid domain and FE model of the aircraft brake assembly.
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Fluid domain

FE model

Fig 2. Fluid & Solid Domains

2.3 Boundary conditions
For Conjugate heat transfer (CHT) analysis, temperature of 1200°K was applied to Brake stack volume and
material properties were applied to the solid part. All other parts were at 300°K. Fluid domain was considered
for the analysis. CHT analysis was carried out with radiation model. Pressure outlet boundary condition was
applied to external faces of the fluid domain, so that flow across the external boundary was possible. For natural
convection simulation, Boussinesq approximation is applied for density and k-ε turbulence model with standard
wall function has been employed for simulation. Transient thermal analysis was carried out for a period of 100
seconds.

III CFD SIMULATION
3.1 Case 1. Conjugate Heat Transfer analysis with Natural Convection and S2S radiation
In conjugate heat transfer analysis, all three modes of heat transfer (conduction, convection and radiation) were
considered for the simulation. Natural convection with Boussinesq approximation for the air density and thermal
expansion coefficient was considered to capture the buoyancy effect. Additionally, since amount of heat
produced in the brake stack was significant and the temperature of the brake stack was around 1200°K, radiation
was also considered important for heat transfer analysis. Surface to Surface radiation heat transfer was
considered for the simulation. Simulation was carried out for 100sec and temperature of the wheel, hub and
brake stack were monitored with respect to time.
From the above simulations, it was observed that after 100sec, wheel gets heated to 344°K and the brake stack
temperature drops to 1079°K. This is largely due to the effect of radiation that was not considered in the earlier
cases. The hub temperature rise is not affected much. Above figure shows the path lines colored by velocity. Air
gets heated and because of buoyancy effect, maximum flow is observed on the top segment of the wheel.

Domain

Temperature contour

Pressure contour

Velocity vector

Fig 3. Case 1
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IV FURTHER IMPROVEMENTS TO THE SIMULATION
The above analysis had given an insight into the problem. The variation of temperature vs. time graph trend for
brake stack, hub and wheel and path lines of the hot air coming out of the wheel also compared well with the
analysis of Reference 1. Two major improvements were made to the first model. In the first instance, the brake
stack was re-modelled into rotors and stators – the rotors attached to the wheel and the stators attached to the
hub. The rotors made contact with the wheel on one side of the ridge on the inner side of the wheel. A similar
connection was made for the stator and the hub. The second improvement related to the temperature of the brake
stack. The heat absorbed by the brake assembly as a function of time was calculated from the aircraft details
such as landing speed, average deceleration, energy absorbed by the brakes and the aircraft mass. The total
kinetic energy was calculated from the landing speed and aircraft mass. At any instant, the speed of the aircraft
was calculated by modelling the deceleration due to brakes and other devices as a function of dynamic pressure.
The constants were varied to match the brake energy and the total energy of the aircraft. From the speed history,
the brake energy absorbed was calculated as a function of time. This was equally divided into parts depending
upon the number of surfaces in contact between the rotors and the stators. Equivalent amount of heat energy was
input at each of these contacting surfaces as a function of time. Depending on the mass and heat capacity of the
rotor and stator the temperature rise was computed by the CAE model at the interfaces. The results with these
changes are presented in the subsequent sections. Following figure shows the modification made.

Modified brake assembly

Wheel

Brake disc and CAD model of brake assembly

Fig 4. Modified Brake Assembly

4.1 Case 2. Conjugate Heat Transfer analysis of Brake assembly with modified Brake stack and
wheel
In the Case-1 simulation, Brake stack and wheel assembly were modelled in a simplistic manner as described in
the beginning of the paper. In order to improve the fidelity of the simulation, a more realistic model was
considered and accordingly modifications were made in the CAD model. The results of the simulation are
presented in Fig 5 and Table 2.
The maximum temperature attained by the brake stack was 1120°K (about 80° less than previous cases). The
temperature dropped to 896°K after 100 sec. The wheel got heated to 339°K (5° less than Case 1). However, the
hub temperature rose to only 334°K (nearly 20° less than Case 1). Brake stack temperature reduced by around
200°C, indicating that heat lost by the brake stack was more in this Case. Simulation was continued till 600sec
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and wheel, hub and brake stack temperature were monitored. Wheel had attained at maximum temperature of
420°K and brake stack had reduced to 614°K. This model, perhaps, represents a realistic heat transfer scenario.
Below figure shows the contour plots at the end of 600sec

Temperature contour

Velocity vectors

Velocity contour

Temperature on wheel

Temp. on brakestack and hub

Path lines

Variation of temperature with time
Fig 5. Case 2
Graph shows the temperature variation with respect to time. From the graph, it is observed that wheel attained a
maximum temperature of 400°K after 600sec and brake stack temperature reduced to 607°K.

4.2 Case 3. Conjugate Heat Transfer analysis of Brake assembly with Forced Convection with
Low flow rate fan
All earlier cases are simulated with the natural convective heat transfer method. In Case 3, forced convection is
considered for the simulation. In a few aircraft (military and civil both) a fan is mounted on the axle of the brake
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assembly, which forces the air to pass through the braking system to carry away the heat at higher rate. Below
figure shows the fan location mounted on the axle of the brake assembly. Density is assumed as constant and k-ε
turbulence model with standard wall function is used for forced convection.
It is assumed that the Fan is switched on once the flight comes to rest. Therefore in the CFD simulation also, the
initial 24sec of brake application is similar to the previous simulation. After that, a flow boundary condition is
imposed on the surface representing the fan. Simulation is carried out for 100 sec of flow time. Figure 8 show
the contours of temperature and velocity. Path lines and velocity vectors show the fan forcing the air towards the
outlet. It is observed that, compared to Case-4, in the present simulation, fan forces the air to pass through the
gap between the brake and wheel with almost uniform flow rate. Graph shows the temperature variation of
wheel, hub and brake stack over a period of 100sec. Compared to Case-4 the maximum temperature of the brake
stack was 1045O K (about 20O more than Case- 4). At the end of 100 sec, the Hub and wheel temperature are
1.2O more than without the fan, but the brake stack temperature is more than Case- 4 by 20O compared to 25O
at the end of 24 sec, a drop of 5O more. The velocity profiles are also significantly different with the flow
entering from the brake stack side, even at the top, and going out through the holes in the wheel.

Surface representing
the Fan.

Fig 6. Surface to represent forced convection by a fan

Temperature profile

Path lines

Velocity profile

Temperature on wheel

Velocity vectors

Temp. on brake stack and hub

Fig 7. Pressure, velocity and temperature Contours
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Temperature variation with time
Fig 8. Case 3
From the analysis it is conformed that, boundary condition used for fan is appropriate and giving better result
compared to natural convection. But reduction in the temperature with forced convection is less. In order to get
more realistic value, one more analysis was carried out with higher flow rate fan.

4.3 Case 4. Conjugate Heat Transfer analysis of Brake assembly with Forced Convection with
Higher flow rate fan
In previous forced convection case, it was observed that air velocity is very low and flow rate is also very less.
In order to compare the forced convection result, one more analysis was carried out with higher flow rate fan to
justify whether forced convection was beneficial or not for the cooling of aircraft brake assembly. The boundary
condition was changed to simulate roughly 5 times more air flow than the previous Case. Initial 24secs of
analysis was similar to the previous case and the analysis was carried out for 600 sec. The results are placed in
Fig 8 and Table 2. Evidence of higher flow is seen.

Temperature contour

Velocity contour

Velocity vectors

Path lines

Temperature variation with time
Fig 9. Case 4
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V COMPARISON OF ALL THE SIMULATION RESULTS
Table 2 shows the comparison of component temperature for all the 4 cases after 100 sec and 600 sec. Heat
transfer due to natural convection and forced convection with different flow rate of fan is compared. Reduction
in the temperature of the brake stack and rise in the temperature of the wheel and hub are well compared. Case-2
and Case-4 simulations are carried out till 600sec.
In Case-2 simulation (improved modelling), it is observed that heat loss from brake stack to ambient was higher
compared to case-1.
The effect of forced cooling does not seem dramatic. This may be so in the first 100 sec. But at the end of
600sec, impact of forced convection is observed. It is noted that brake stack reaches max temperature around 24
sec and then continuously drops. However, the hub and wheel temperatures rise slowly and may reach a
maximum around 600 sec. Therefore, the effect of fast cooling of the brake stack may have a significant effect
on the max temperature attained by the wheel and hub. And also it is observed that both wheel and hub has
attained the maximum possible temperature at the end of 11~12mins of cooling.
Major objective in Brake thermal analysis of the aircraft is to avoid the failure of the brake assembly due to
overheating of wheel. Forced convection shows the effect of fan on the wheel and brake assembly. Below graph
shows the temperature of the brake stack, wheel and hub with respect to time.

Fig 10. Temperature vs Time comparison graph
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Tables
Table 1: Summary of Assumptions Made
1

Case – 1

Brake stack at 1200°C initially. Radiation also
introduced.

2

Case – 2

Geometric modeling modified to include stator /
rotor individually and connections to hub / wheel
introduced. Heat energy introduced between stator
and rotor simulating aircraft braking, roughly for
about 24 seconds. Conduction, natural convection
and radiation, all three modeled.

3

Case – 3

Case – 2 with forced cooling simulating a fan with
low flow.

4

Case - 4

Case – 3 with increased fan flow.

Table 2: Comparison – Temperature of the Components

Time [sec]

Component

As Noted

Max. Brake
Temperature

100

600

Case -1

Case -2

Case -3

Case -4

1200

1120

1145

1145

(t=0)

(t ~24s)

(t ~24s)

(t ~24s)

Hub

354

334.4

335.6

335.1

Wheel

344

339

340.2

339

Brake stack

1079

895.8

914.6

906.1

Hub

-

402

-

395

Wheel

-

420

-

401

Brake stack

-

614

-

586

VI CONCLUSION
The problem of brake cooling has been addressed and solution worked out using FLUENT software by a stepby-step approach. Initially a simple model was used to check the conduction and convection paths. Later, the
model was modified to a realistic standard – better fidelity in connectivity, heat generation as a function of time
at the stator-rotor interface surfaces, inclusion of the effect of radiation. Conjugate Heat Transfer analysis was
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carried out simulating forced convection with varying flow rates. From the analysis, it is concluded that the
current FLUENT software based simulations would be useful for initial thermal studies of the brake assembly.
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ABSTRACT
Now-a-days researchers are very much concerned about the health effects and potential hazards of cell phone
radiation. They evaluate Specific Absorption Rate (SAR) at different human organs due to the radiation coming from
cell phone and towers.. But, if the vision is slightly changed toward the effect of RF on agricultural field and plant
kingdom, no such theoretical study has been done earlier. Few publications can be found on this topic which is
limited to statistical observation. The aim of this assesment is to study the effect of cellphone tower radiation on
coconuts, betelnut and banana. The study shows that there is an abrupt decrease in the production of coconuts and
betelnuts after the installation of mobile tower and the decreasing continues till date.Electromagnetic radiation
generates heat and disturbs the ecological cycle.

Keywords: Banana,Betel-Nut,Cell Phone Tower,Coconut,E.M.Radiation, Production.
I INTRODUCTION
With the growth of cell phones subscribers in Assam, it also leads to growth of infrastructure in the form of mobile
phone towers. Today, in absence of any policy on infrastructure development and location of cell phone towers,
large number of mobile towers is being installed in a haphazard manner across urban and sub- urban habitats in the
state. The need of the hour is to check unscientific proliferation of mobile towers and promote more studies and
come out with practical solutions. The unchecked radiation from the mobile towers, has taken its toll on plants and
even human. There was study by WHO and they have established a clear linkage between malignant tumour and
radiation. As of now the way things are going, radiation will emerge as the biggest environmental problem in the
days to come. EMF pollution is a reality that we need to protect ourselves from, just like any other form of pollution
we have in our environment. The cell phones are only part of the problem, other devises like computers, TV and
other electrical devices are also of concern. They all contribute to the electrical pollution that surrounds us every
minute of our lives.Due to its several advantages cell phone technology has grown exponentially in the last decade.
In India there are more than 90crores cell phone users and nearly 4.4 lacs cell phone towers to meet the
communication demand. All the transmitting towers, such as AM and FM towers, TV towers, cell towers, etc.
emitRF/Microwave radiation continuously. Also, Wi-Fi (wireless Internet), wireless computers, cordless phones and
their base units, cell phones and all other wireless devices emit microwave radiation. A cell phone that is ON but not
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in use is also radiating. Cell phones operate within the frequency band of 800 MHz, 900 MHz and 1800 MHz and
the latest 3G technology works between 1900 -2200 MHz Computers and laptops operate within the frequency
range of 1000 – 3600MHz, and most Wi-Fi systems and some cordless phones operate around 2450 MHz, which is
same frequency as that of a microwave oven! The growing use of wireless communication in the last decade has
introduced concerns about health risks from the so called man made electro smog. Various epidemiological and
experimental studies have been carried out and the results have shown to have a close relation between biological
effects and Electromagnetic radiation [1].
Microwave radiation effect can be classified as - thermal and non-thermal. The thermal effect has been largely
studied and refers to the heat that is generated due to absorption of microwave radiation. Being exposed to the
thermal effect could cause fatigue, cataracts and reduced mental concentration. Research is going on to study the
non-thermal effects of radiation, and it has been associated with affecting the cell membrane permeability. A base
station and its transmitting power are designed in such a way that mobile phone should be able to transmit and
receive enough signal for proper communication up to a few kilometers. Majority of these towers are mounted near
the residential and office buildings to provide good mobile phone coverage to the users. These cell towers transmit
radiation continuously, so people living within 10 meters from the tower will receive 10,000 to 10,000,000 time’s
stronger signal than required for mobile communication. In India, crores of people reside within these high radiation
zones.At many places, cell phone towers are mounted on the roof top of residential /commercial buildings. Even
though antenna radiates less power vertically down but the distance between the antenna and top floor is usually a
few meters, so the radiation level in the top two floors remain very high. There is very little available literature on
the effect of electromagnetic radiation on the trees. Tops of trees tend to dry up when they directly face the cell
tower antennas and they seem to be most vulnerable if they have their roots close to the water [2].
Electromagnetic radiation emanating from cell towers can also affect vegetables, crops and plants in its vicinity.
Studies show definitive clues that cell phone EMF can choke seeds, inhibit germination and root growth, thereby
affecting the overall growth of agricultural crops and plants. [3].Various studies have shown the ill-effects of radiofrequency electromagnetic field (RF-EMF) on bees, fruit flies, frogs, birds, bats, and humans, but the long-term
studies of such exposures are inconclusive and scarce, and almost non-existent in India [4].
This study/survey aimed to analyses the impact on the production of betel-nut, coconut and banana due to
establishment of cell phone towers. The Objectives of the study are that:
I. To analyze the rate of production of betel- nut, coconut and banana per annum in the residential areas.
II. To analyze the environmental change near the towers.
III. To know the merits and demerits of using cell phones and effects of base stations on environment.

2.1 Method and Materials
In recent years, some researchers along with the peasants are claiming that the production of crops/fruits gets
affected near the high radiation cell phone towers. But, there are no such scientific research document found except,
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[5]

. From that point of view, some effort has

been given to throw light on this issue. Radio frequency used to communicate by mobile phone has the ability to
penetrate through semi-solid substances like meat, and living tissue to a distance proportional to its power density [6].
In Assam, coconut, betel-nut is not cultivated commercially in large scale. It is reported that two factors are affecting
in the production of nut, these are immature nut falling and nut cracking (splitting) due to the deficiency of
micronutrient borax [7]. This implies that there is certain cell tower radiation effect on nut in this region.
The survey was conducted with the gross production of betel nut, coconut and banana per.annunDhingsuburban
areaduring the month of October and November 2014. A pretested Questioner including questions regarding the
number of trees, production of the fruits before and after the establishment of cell phone tower, soil condition,
climate condition, deforestation, method of cultivation and management, uses of chemicals for growth and
production and relative causes is prepared. Questions had also been included to know about the environmental
change near the towers, the soil condition and deforestation.We meet and interact with215individuals like Farmers,
People living near cell towers,local Agricultural officials, different Socio-NGO’s, Social workers andFruit-Sellers of
the town to know how a mobile tower affects their lives and how radiations from cell phone towers effects in
production of fruits.

2.2 Sample: BETEL-NUT (Areca catechu), COCONUT (Cocosnucifera) AND BANANA (Musaparadisiaca)
2.3 Site Selection
Dhing Suburban Area is situated to the north of the district Nagaon of Assam; India. The place covers an area of
about eight square kilometer. An attempt has been made for comprehensive study of impact of E.M. Radiation from
cell Phone base stations in Dhing town of Nagaon district. Nagaon town is located between 250 45/ to 260 45/ north
latitudes and 920 33 / east and 930 20/ east longitude. The town has an average altitude of 61 m from mean sea level.
This area is mainly a residential area. Almost in all the residence a home garden is attached where mainly banana,
betel-nut and coconut are cultivated. The environment, climate and soil condition of this area is suitable for betelnut, coconut and banana. First cell phone Tower was established in 2005 by BSNL, Nagaon and today its number
increases to 12. Almost all the towers were established in residential area.

III RESULT AND DISCUSSIOS
The summarized of the filled Questioner by the individuals that we met during the survey period and outcome of the
interactions with the local people/farmer regarding the problems in the production of betel-nut, coconut and banana
in their areas is given in following table.

464 | P a g e

International conference on Science, Technology and Management
YMCA, New Delhi (India), 1 Feb 2015

ICSTM-2015
www.conferenceworld.in

ITEMS

2004

2005

2006
(installation of
mobile tower)

2012

2013

2014

Banana
(In qntls)
Betel-nut
qntls)
Coconut
pieces)

10,600

10,700

9,800

9,600

8,900

8,500

(in

9,800

9,750

8,000

6,500

4,500

2,500

(in

2600

2800

2500

1800

1400

800

Table 1: Year wise production of Banana, Betel-nut and Coconut.

Coconut

Betelnut
Banana

2004

2005

2006

2012

2013

2014

Fig: 1 Graph shows comparison in decrease in production of sample year wise
Is the natural production of coconut, betel-nut and banana decreases due to cell phone tower
radiation?
No of respondent(150)
Coconut
Betel-nut
Banana

Yes
105
97
72

No
26
21
46

Doesn’t Know
19
32
32

Table 2: Out of 150 respondents for the above query the results came out as mentioned below.
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Figure 2: Shows the views of respondents on productivity
IV CONCLUSION
The progress in science and technology is a nonstop process. New things and new technology are being developed
and adopted but we have to look after our surroundings. Studies show definite clues that cell phone radiation can
choke seeds, inhabit germination and root growth, there by affecting the overall growth of agricultural crops and
plants. Also Electromagnetic radiation generates heat and due to this, the microorganisms present in the soil near it
would be killed. The seriousness of the health hazards and effect on plants and animals due to radiation from the cell
phones and cell towers has not been realized among the common man.The study shows that there is an abrupt
decrease in the production of coconutsand betel-nutafter the installation of mobile tower and the decreasing
continues till date. It is observed that the production of coconut as well as its growth in this region is highly effected
by cell phone towers. It is also strongly reported that coconut and betel-nut are falling before they matured and size
and shape i.e. volume of them is continuously decreases. This problem strongly arises around 50 meter radius of cell
phone tower. The production of banana is almost stable before and after the installation of the mobile tower. Trees
located around 50 meter of cell phone tower look sad and feeble, have dried tops, show slow growth and high
susceptibility to illnesses and plagues. Also, electromagnetic radiations generate heat. Due to this, the
microorganisms present in the soil near it would be killed. This in turn harms those organisms which feed on them
and disturbs the ecological cycle.

4.1 Precautionary Measures
The International Commission on Non Ionizing Radiation protection (ICNRP) is an international commission whose
activities include determining exposure limits for electromagnetic fields used by devices such as cell phones. In
India the Dept. of Telecommunication has ordered the mobile phone companies to follow all the guidelines of
ICNIRP.


There should be more numbers of cell towers with lesser transmitted power.



Self-certification by the operators must be immediately abolished; measurements must be done by third
party, which is independent and trustworthy.
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The cell phone towers should be installed far from the residential areas, Agricultural area, hospitals etc.
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ABSTRACT
Sorting is the process to arrange the data in either ascending or descending order. Sorting technique is a
technique that does sorting i.e. arranges the data in either ascending or descending order. Various sorting
techniques are Bubble sort, Insertion sort, Selection sort, Merge sort, Heap sort and Quick sort. This paper is
an attempt to study, analysis and compare these different sorting techniques on the basis of various performance
metrics such as best case, average case and worst case time complexity.

Keywords: Bubble, Permutation, Pivot, Sorting, Time complexity.

I.

INTRODUCTION

A sorting algorithm is an algorithm that puts elements of a list in a certain order. The output must satisfy two
conditions:
1.

The output is in a particular order either ascending or descending.

2.

The output is a permutation (reordering) of the input.

Two main factors on which the performance of a program depends are the amount of computer memory
consumed and time required to execute it successfully. Time complexity of a program is the amount of time
required to execute successfully.

II.

BUBBLE SORT

2.1 Concept
The main idea behind the bubble sort is to compare the top element of an array with its successor, swapping the
two if they are not in the proper order. The algorithm, which is a comparison sort, is named for the way smaller
elements "bubble" to the top of the list. Although the algorithm is simple, it is too slow and impractical for most
problems even when compared to insertion sort. This sorting technique is not efficient in comparison to other
sorting techniques. But for small lists this sorting techniques works fine.

2.2 Analysis
The best case involves performing a one iteration which requires n-1 comparisons. Therefore, the best case is
O(n). The worst case performance of bubble sort is n(n-1)/2 comparisons and n(n-1)/2 interchanges. Therefore,
it is O(n2). The average case performance of bubble sort is O(n2).
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INSERTION SORT

3.1 Concept
The main idea behind the insertion sort is to inserts in the ith pass the ith element in its correct place. The
performance of insertion sort depends on the initial ordering of the elements. There are two for loops in the
algorithm of insertion sort. The first for loop is always executed for n times, but the execution of second for loop
depends on the ordering of elements. We will explore three case best, worse and average case for insertion sort.

3.2 Analysis
The best case is when the elements are already in sorted order. In this case, the second for loop will be executed
in the following pattern for n elements
F(n) = 1 + 1 + . . . . . . . . + 1 upto n times
=n
= O(n)
The worst case will be when the elements are in reverse order. The second for loop will be executed in the
following pattern.
F(n) = 1 + 2 + 3 + 4 + . . . . . . . . + n
= n(n-1)/2
= O(n2)
The average case will be as shown below:
F(n) = 1/2 + 2/2 + 3/2 . . . . . . . . + n/2
= n(n-1)/4
= O(n2)

IV. SELECTION SORT
4.1 Concept
The main idea behind the selection sort is to successive elements are selected from a file or array and placed in
their proper position. It is the simplest sorting technique.

4.2 Analysis
The time required to sort the data does not depend upon the order of the elements. There is no difference in the
number of iteration for a list which is sorted already or which has its elements in reverse order. The only
difference will be with the number of comparison and with the assignment statements.

Their execution

frequency will be varying. Total number of comparison is ½ n(n-1). The best case, average case and worst case
are same and they are
F(n) = (n-1) + (n-2) + (n-3) + (n-4) . . . . . . . . + 1
= n(n-1)/2
= O(n2)
It is more efficient than the bubble sort or insertion sort, because there are no more than N -1 actual
interchanges. Although there is no significance gain compare to bubble or insertion sort in run time: its
efficiency is also O(n2) for n data items.
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MERGE SORT

5.1 Concept
The main idea behind the Merge sort is to divide a file into two sub-files. These files are compared, one pair of
record at a time, and merged by writing them to other files for the further comparisons. Conceptually, a merge
sort works as follows:
1.

Divide the unsorted list into n sublists, each containing 1 element (a list of 1 element is considered
sorted).

2.

Repeatedly merge sublists to produce new sorted sublists until there is only 1 sublist remaining. This
will be the sorted list.

5.2 Analysis
In sorting n objects, merge sort has an average and worst-case performance of O(n log n). Merge sort is more
efficient than quick sort for some types of lists if the data to be sorted can only be efficiently accessed
sequentially, and is thus popular in languages such as Lisp, where sequentially accessed data structures are very
common.

VI.

HEAP SORT

6.1 Concept
The main idea behind the Heap sort is that a two-phase sort procedure that uses a full binary tree structure. In
computer programming, heap sort is a comparison-based sorting algorithm. Heap sort can be thought of as an
improved selection sort: like that algorithm, it divides its input into a sorted and an unsorted region, and it
iteratively shrinks the unsorted region by extracting the smallest element and moving that to the sorted region.
The improvement consists of the use of a heap data structure rather than a linear-time search to find the
minimum.

6.2 Analysis
Consider the timing analysis of the heap sort. Since we are using a complete binary tree, the worse case analysis
is easier than average case. The worst case at each step involves performing a number of comparisons which is
given by the depth of the tree. This observation implies that the number of comparison is O(n log n).The average
case is more complex but it can be also O(n log n).

VII. QUICK SORT
7.1 Concept
A pivot (middle) item near the middle of the array is chosen, then moves are made such that item on one side of
the pivot are smaller than the pivot and those on the other side are larger. This procedure is applied recursively
until the whole array is sorted.

7.2 Analysis
To analyze the quick sort algorithm, note that for a list of n, if the partition always occurs in the middle of the
list, there will again be logn divisions. In order to find the split point, each of the n items needs to be checked
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against the pivot value. The result is nlogn. In the worst case, the split points may not be in the middle and can
be much skewed to the left or the right, leaving a very uneven division. In this case, sorting a list of n items
divides into sorting a list of 0 items and a list of np-1 items. Then sorting a list of n-1, divides into a list of size 0
and list of size n-2 and so on. The result is an O(n2) sort with all of the overhead that recursion requires. The
Best case = O(n log n), Average Case = O(n log n) and Worst Case = O(n2).

VIII.

COMPARISONS OF SORTING TECHNIQUES

The following table gives the comparative study of different sorting techniques such as Bubble sort, Insertion
sort, Selection sort, Merge sort, Heap sort and Quick sort.
Sorting

Time Complexity

Remarks

Techniques

Best case

Average case

Worst case

Bubble Sort

O(n)

O(n2)

O(n2)

Good for small n ( n<=100 )

Insertion sort

O(n)

O(n2)

O(n2)

Good for almost sorted data

Selection Sort

2

O(n )

2

O(n )

2

O(n )

Good for partially sorted data and
small n.

Merge Sort

O(nlog2n)

O(nlog2n)

O(nlog2n)

Good for External file sorting

Heap Sort

O(nlog2n)

O(nlog2n)

O(nlog2n)

Excellent

Quick Sort

O(nlog2n)

O(nlog2n)

O(n2)

Excellent

IX.

CONCLUSION

In this paper, we provide descriptions of several sorting techniques for small and large data. We also provide
classification of these techniques according to their time analysis. From the above analysis, it can be said that,
Bubble sort, Selection sort and Insertion sort are fairly straight forward and time complexity of Average case &
Worst case both are same. Merge sort, Heap sort and Quick sort are good sorting techniques in terms of time
complexity.
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