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EDITORIAL

It is with immense pleasure that we bring Volume-11 of the Biannual Journal of our college,
CVR Journal of Science and Technology. For the first time this journal is brought out in colour. We
thank the Management for the same. The figures and graphs in colour will enable the researchers and
readers to have more clarity. We have received good number of research papers for review, from our
own faculty and from outside our institution also. A rigorous filtration process is done, anti plagiarism
check by software, and review by experts are done. Finally research papers were selected for publication
in the present volume. We are also happy to share with the readers that the college is Accredited by
NAAC with *A” grade and NBA Accreditation is also obtained. Affiliation for all courses and all seats
in all branches is also obtained from JNTUH. It is expected that the contributors will further enhance the
reputation of the college through this Journal.

The breakup of the papers among various branches is:

Civil - 4, Mech -2, CSE-1,ECE-4, EEE-3, EIE-3, IT-2 H&S-1

The research papers from Civil engineering cover the areas of rheology, fracture energy, non-
linear static procedures on high rise buildings. Research papers from Mechanical engineering cover
investigation on wear characteristics and analysis and design of plastic mold for male insulator. A survey
paper on computational intelligence is contributed by CSE department. The research papers in the ECE
branch cover interesting areas like SoC using ANFIS algorithm, SIFT algorithm, Static and Dynamic
Core Assignment and WT based speech compression using VC++,

The research papers from EEE Department cover the areas of Transformerless PV inverter,
Rooftop Solar Plants and DG with micro grid. Research papers received from EIE Department cover the
areas of orthogonal frequency division multiplexing for SDR, optimizing leakage power in FPGAs and
chemical combustion process in rotary kiln using LabVIEW. Contribution from IT department authors is
on dynamic load balancing and user level runtime systems. A brief overview on conservation of lakes in
India is contributed by Hé&S5 faculty.

The management is supporting the research and Ph.D Programmes by liberally sanctioning study
leave for the faculty of this college. Faculty members working for Ph.D and on research projects are
expected to contribute for the journal, Management is also encouraging the authors of research papers
with incentives, based on merit. Some of the research articles accepted for publication in Vol. No. 12 are
listed on Pg. No. 111.

I am thankful to all the members of the Editorial Board for their help in reviewing and short
listing the research papers for inclusion in the current Volume of the journal. I wish to thank
Dr.S.Venkateshwarlu, HOD EEE and Associate Editor, for the pains he has taken in bring out this
Volume. Thanks are due to HOD, H & S, Dr. E. Narasimhacharyulu and the staff of English
Department for reviewing the papers to see that grammatical and typographical errors are corrected. [ am
also thankful to Smt. A. Sreedevi, DTP Operator in the Office of Dean Research for the effort put in the
preparation of the papers in Camera Ready form.

For further clarity on waveforms, graphs, circuit diagrams and figures. readers are requested to
browse the soft copy of the journal, available on the college website www.cvr.ac.in, wherein a link is
provided and is available in color,

Prof. K. Lal Kishore
Editor
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Studies on Rheology, Strength and Cementing
Efficiency of High Strength Grade Quaternary
Blended Self-Compacting Concrete
Incorporating High Reactivity Metakaolin

M V Seshagiri Rao' S Shrihari®, V Srinivasa Reddy’
'CVR College of Engineering/Civil Engineering Department, Hyderabad, Indiz.
Email:rao_vs_medurii@yahoo.com
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Abstract: The present work aims at determining the maost
suitable mix proportion that can produce metaksolin based
quaternary blended high strength SCC of desivable strength.
The results of thiz study will lead to the reduction of the usage
of cement, farther sustainable development in the concrete
industry by ressing industrial waste by-products (SCMs) as
cement replacements and reducing harmful impact on the
environment. This study systematically investigate the
synergistic effect of metakaolin (ME) and microsilica (MS) on
fresh and strength properties of fly ash based SCC of MED
grade. These results are compared to establish the enhanced
micro-structural and engineering properties of metakaolin
based gquaternary blended SCC.By incorporating MK into
M5+FA based ternary blended SCC mixes, the amount of fly
ash used has almost doubled. From this observation, it can be
concluded that MS in blended SCC mixtures imparts high
strength while MK inclusion enhances the usage of high
quantity of fly ash in $CC mixes for similar strengths and fow
propertics. The quaternary blended fly ash based MS0 grade
SCC mix made of MS and MK together is found to be
superior to ternary blended fly ash based M80 grade SCC mix
made with M5 or MK due to resson that for similar sirength,
less cement is used and more My ash guantity is consumed.
Efficiency factor for quaternary blended SCC mix reveals that
for similar strength, 0% of cement can he replaced with
FA2B%+MS11%+MEI11%  combination of  pozzolanic
mixture,

Index  serms = Sell-compacting  concrete, metakaolin,
quaternary blended, efficiency factor, rheology, Compressive
Strength.

L INTRODUCTION

Though self-compacting concrete (SCC) can be used on
most construction  sites, its rheological characterization
must be enhanced to better control its placement. Also, the
fresh SCC must be stable to safeguard the homogeneity of
the mechanical strength of the structure. The stability of
S5CC can be improved by incorporating fine materials such
as metakaolin (MK}, micro silica (MS) and fly ash (FA)
because an increase in cement content leads 10 a substantial
rise in material cost and often has other negative effects on
concrete  properties (e.g. increased thermal  stress  and
shrinkage, cte.) [1].The use of such pozzolans may provide
greater  cohesiveness by improving the grain-size

distribution and particle packing [2]. But the use of mineral
admixtures not only reduced the material cost but also
improved the fresh and hardened properties of blended
SCCs [3].In recent years, there has been a growing attention
in the wse of metakaolin (MK) as a mineral admixture 1o
enhance the propertics of concrete [4).0n the literature,
however, the use of MK in the production of self-
compacting concrete has not found adequate interest.
Considered to have high reactivity than most
other pozzolans, metakaolin is a valuable admixture for
concretefcement  applications  [5].  Replacing Portland
cement with 8-20% (by  weight), metakaolin produces
aconcrete mix  which  exhibits  favorable  engineering
properties, including: the filler effect, the acceleration of
OPC hydration, and the pozzolanic reaction [6]. The filler
effect and hydration reaction is immediate, while the effect
of pozzolanic reaction occurs between 3 to 14 days.

ILORIECTIVE

This study systematically investigate the svnergistic
effect of metakaolin (MK) and microsilica (MS) on fresh
and strength properties of fly ash based SCC of ME( grade.
These results are compared (o establish the enhanced
micro-structural and engineering properties of metakaolin
based quaternary blended SCC over ternary blended SCC.
The use of appropriately proportioned metakaclin and
microsilica in fly ash blended SCC reveal the benefits of
their synergic effect in improving the rheological
properties, strength characteristics of fly ash based MBS0
grade SCC. The primary objectives of this research work is
to quantitatively comprehend and assess the role of
metakaclin (MK} in development of early strength in fy
ash based SCC of High strength grade (M0,

CVR College of Engineering |
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I MATERIALS AND MIX PROPORTIONS

The materials wsed in the experimental investigation are
locally available OPC cement, river sand (Zone —IT), coarse
ageregate (10mm), mineral and chemical admixtures such
as flv ash, micro silica and metakaolin, PCE based Super
Plasticizer (5P), Viscosity Modifying Agent (VMA), Based
on Man Su mix design method, material quantities such as
powder content (Cement + Pozzolan), fine apgregate,
coarse aggregate, water and dosages of SP and VMA
required for 1 cum, are evaluated for high strength grade
(MB0) of Self Compacting Concrete (SCC). Final mix
proportions and optimum proportions of FA, MS and MK
combinations in binary, femary and quaternary blended
high strength 3CC mix which are assumed after several trial
mixes on material quantities computed using Nan Su mix
design method; subjected to satisfaction of EFNARC flow
properties.

IV. EXPERIMENTAL INVESTIGATIONS

The aim of the present experimental investigations are
aimed to obtain specific experimental data which helps to
understand the effect of synergic action of metakaolin
(MK . micro silica (M5) and fly ash (FA) combinations in
SCC mixes of high strength grade (MB0) on rheological
behavior and stremgth properties, Test for Compressive
strengths at 3, 7, 28, 60 and 90 days were determined by
conducting detailed laboratory investigations on  high
strength grade (MB0) for optimally blended self -
compacting Conerete (SCC) mixes made with fly ash (FA),
microsilica (M35) and metakaolin {MK).For calculating the
efficiency of metakaolin, microsilica and fly  ash
combination in quaternary blended 5CC, an equation has
been proposed by author based on the principle of
Bolomey's equation for predicting the strength of concrefe
containing mineral admixtures, The efficiency  factors
evaluated can be used for proportioning of high strength
grade (MB0) of binary, ternary and quaternary blended self-
compacting concrete (SCC) made with SCMs such as fly
ash (FA), microsilica (MS) and metakaolind MK

V. EVALUATION OF CEMENTING EFFICIENCY FACTORS

An effort is made to quantify the cementitious efficiency
of fly ash {FA), microsilica (MS) and metakaolin (MK) in
binary, ternary and guaternary blended self-compacting
concrete (SCC) systems of high strength grade (MB0). The
effect of synergic action of metakaolin (ME), microsilica
{M5) and fly ash (FA) combination on the strengths of
binary, ternary and quaternary blended SCC may be
midelled by using a Cementing Efficiency Factor (k). The
concept of efficiency can be used for comparing the relative
performance of SCMs when incorporated into SCC to the
performance of OPC SCC. Efficiency factors found from
Bolomey's strength equation are used to describe the effect
of the 5CMs combination replacement in SCC in the
enhancement of strength charactenistics. This factor will
give only an indication of the added materials’ effect on
concrete strength, since it does not distinguish between
filler effect and chemical reactions.The well-known
Bolomey's equation often used to relate strength and
water/cement ratio i5:5 = A [(C+ kKPWYW) — (.3] where S is

the compressive sirength in MPa, C is the cement content in
kg fm’, W is the water content in }:g.fm:'. A and B are
Bolomey's coefficients for constants, P s the amount of
SCMs replaced bwe k denotes efficiency factor of SCMs
combination. By knowing the amounts of *C’, "P*, *W" and
the strength °S" achieved for each SCMs dosage
replacement , efficiency factor k™ has been computed for
each of the replacement dosages. Thus, W/C+ kP) 15 the
water/effective powder ratio and kP is the egquivalent
cerment content of SCMs combination. *SCMs /OPC ratio’
i an important factor for determining the efficiency of
SCMs in S8CC. So SCMs proportioning is arrived at based
on the strength data experiments on SCMs blended SCC
Mixes. Efficiency factors found from this strength equation
are used to describe the effect of the SCMs replacement.

VI. TEST RESULTS AND DNSCUSSIONS

A, Oprimizarion of Mix Praoportions

The initial quantities calculated using Man Su method for
high strength {M80) grade SCC mix are tabulated in Table
1.The computed amount of total powder (i.e., OPC#FA) is
658 kg. For the above gquantities, even though flow
properties are achieved conforming o EFNARC guidelines,
the high quantity of cement computed using Nan Su method
is a matter of concern, From durability perspective, the
maximum cement content is limited to 450 kg per cum of
concrete as per clavse §.2.4.2 of 18 456-2000. After trail
mixes, revised quantities in kg per cum for high strength
grade (ME0) SCC mix are arrived by (i) limiting the
Cement to maximum permissible amount, (ii) increasing
quantity of pozzolan (fly ash) to maximum amount possible
and adjusting the super plasticizer without compromising
the EFNARC flow properties and desired strength property.
The fnal revised guantities for high strength M0 grade
SCC mix are tabulated in Table 2,

Henceforth, the total amount of powder quantity (cement
+ pozzolanic mixture) adopted for high strength MB0 SCC
is 700 kg/m’ and water/powder ratio is 0.25 for all blended
high strength ME0 SCC mixes. For higher grades, Nan Su
mix design method computations yield very less powder
content. In fact, from the observations it may be stated that
Man Su method s very difficult to apply for higher grades
of concrete W arrive al appropriate quantities of materials,
Depending on the above calculated base quantities for high
strength grade (MB0), twenty nine (29) blended SCC mixes
were designed in three groups of binary, ternary and
quaternary. Table 3 shows various blended high strength
grade (ME0) SCC mixtures with mix numbers and mix
designations. In mix designation, number indicates
percentage by weight of total powder content. One
reference SCC mix was also prepared by only OPC (Mix
Cl1} while in the remaining mixtures (Mix Bl w BE, Mix
T1 to T8 and Mix Q1 to Q12) OPC was partially replaced
with fly ash (FA), microsilica (MS), metakaclin (ME) and
their combinations. Mix B1 to BE are binary blended SCC
mixtures made of either fly ash (FA) or microsilica (MS) or
metakaolin (MK) while Mix T1 to T8 are ternary blended
fly ash based SCC mixmures made of microsilica (MS) or
metakaolin (MK) and Mix Q1 tw QI2 are quaternary
blended Ay ash based SCC mixtures made of microsilica
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(MS) and metakaolin (MK) together. In binary blended
high strength grade (M20) SCC mixtures, percentage
replacement of fly ash by weight of total powder content is
35% ne. 250 kg/m3 which 15 based on preliminary
caleulation from mix design method, For binary blended
SCC mixtures made with percentage replacement of M5 or
MK, MS and MK are limited to 5-15% and 5-20%
respectively.  In ternary blended MS+FA based high
sirength grade (MB) SCC mixtwres (Mix Tl to T4
percentage replacement of MS s limited w 5 -20% hy
weight of wtal powder content, Similarly in temary blended
ME+FA based high strength grade (MB0) SCC mixtures
(Mix T5 to T8), percentage replacement of MK is limited to
5 -20% by weight of total powder content. In both the
above ternary blended MS+FA based SCC and ME+FA
based SCC mixtures (Mix T1 to TH), the cement content is
kept constant (63% by weight of total powder content). In
high strength grade (MB0) SCC mix C1 developed with
[00% OPC does not yield desired strength though requined
flow propertics are achicved, Im binary blended high
strength grade (MB0), FA based SCC mux (Mix B1) and
MK based SCC mixes (Mix BS to B8), although required
flow properties are achieved but desired strength is not
realized while in binary blended MS based SCC mixes,
both required flow properties and desired strength are
attained, if the M5 percentage replacement is limited to 5-
[(M% by weight of powder. The optimal mix chosen for
binary blended MS based SCC mix is 5% MS replacement
{Mix B2), Henceforth, for high strength grade (ME0) mixes,
Mix B2 is taken as referemce mix. Inm ternary blended
ME+FA based high strength grade (M80) SCC mixtures
(Mix T5 tw T8), however required flow properties are
satisfied but desired strengths are not obtained for any of
the mixes. But for MS+FA based ternary blended SCC
mixes (T1 woT4). up to 15% M3 by weight of powder, both
required flow properties and desired strength are attained
satisTactorily, 50 Ca5+FA20+MS1S (Mix T3) SCC mix is
considered optimal in ternary blended hagh strength grade
(M80) SCC mixes. In quaternary blended high strength
grade (ME0) SCC mixtures (Mix Q1 to QI12) made of
microsilica (MS), metakaolin (MK) together, keeping
cement content constant (65% by weight of total powder
content), MS and MK contents are limited to 7 - 14%. For
quaternary blended S5CC mix (Mix Q1), initially 7% M5
and 7% MK replacements are assumed, keeping cement
content constant e, 65% by weight of total powder content
and rest of powder is fly ash, required flow propertics are
satisfied but desired strengths are not obtained. So MS and
MK are gradually increased to 14% cach vet there is no
substantial increase in strength though flow properties are

satisfied. Then author proposed o additionally increase Ny
ash comtent incrementally by 10% by weight of powder
content (700 kg/m3), thereby incrementally increasing the
powder quantity by 70 kg, The optimum combination of
cement and pozzelanic  mixture is  obtained for
C30+FA2Z8+MS1 1+MELT SCC mix (Mix Q11) where final
total powder content is 910 kg/m3 in which cement content
15 435 kg/m3 and pozzolanic mixture is 455 kg/m3. For this
optimem mix (Mix Q11), MS and MK are optimally
proportioned at 14% each and additional percentage of FA
is 30% by weight of powder content (700kg/m3), for which
required flow and strength properties are fulfilled. From
table 3, three optimum SCC mixes are nominated, one each
from binary, ternary and quaternary SCC blends. From the
experimental investigations, the mixes B2, T3 and Q11 are
chosen as optimum binary, ternary and quaternary blended
high strength grade {MB0) SCC mixes where both flow and
desired strength properties are met along with optimal
usage of pozrolanic quantities as shown in Table 4 and 5.
Thus, by incorporating ME into MS+FA based temary
blended SCC mixes, the amount of flv ash has almost
doubled. From this observation, it can be understood that
MS in blended SCC mixtures imparts high strength while
MK inclusion enhances the usage of high quantity of fly
ash in SCC mixes for similar strengths and flow properties.
The quaternary blended fly ash based SCC mix made of
M5 and MK together i5 found to be superior © temary
blendad My ash hased SCC mix made with MS or MK due
to reason that for similar strength, less cement s used and
maore fly ash quantity is consumed to develop blended high
strength grade (M80) SCC.

Based on the compressive strength attained at specified
age of curing, the efficacy of pozzolans are understood. In
this study, pozzolans used for blended SCC mixes are FA,
M5 and MEK. MK blended fresh concretes will set relatively
quickly due 1o high reactivity of MK, which prevents
bleeding and settling of aggresates. MK when compared to
MS has similar particle density and surface area but
different morphology and surface chemistry, MK concrete
normally requires smaller SP dose than does the equivalent
SF concrete. The workability of FA based S5CC concrete,
without super plasticizer, increases significantly with
increase in FA content due to neutralization of positive
charges on cement particles and their resultant dispersal.
Loss of workability due to the presence of MK or M35 can
be compensated for by the incorporation of FA. The degree
of restoration of workability, provided by FA, is influenced
sigmificantly by the cement replacement level, the ME/FA
ratio and the W/P ratio,

CVR College of Engineering 3
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B, Compressive Strength

This investigation is carmied out to study the compressive
strength of binary. ternary and quaternary blended SCC
mixes of high strength grade (MB0) made with fly ash (FA),
microzilica (MS) and metakaolin (ME) at 3,7,14.28, 60 and
90 days.Table 6 presents the compressive strength at
various ages of curing for binary, temary and guaternary
blended SCC mixes of high strength grade (MB(), It can be
ohserved that there is no much varation in strength at the
stipulated age of curing, in all SCC mixes as shown in
Figure |.MK based blended SCC mixes attain much higher
early strength when compared to other SCC mixes while
FA based SCC mixes are accomplishing strengths at later
age. So ME+FA based SCC blends derive both the benefits
of FA and MK in concrete by attaining early and later
strengths. Use of MS in high strength grade (MB0) acts as a
micro-filler in making the concrete dense. Metakaolin
cementing reaction rate s  very rapid, significantly
increasing compressive stremgth before first three  days,
Also MK being less expensive than MS when incorporated
into MS+FA based ternary blended SCC mixes, the amount
of fly ash used has almost doubled. From this observation,
it can be understood that M5 in blended SCC mixtures
imparts high strength while MK inclusion enhances the
usage of high quaniity of fly ash in SCC mixes for similar
strengths and Mow properties. Addition of MK o binary or
termary blended SCC mixes will enhance early hydration
because of it high reactivity,

C. Cementing Efficiency

This study wnderstands the behavior of MK in
FA+MS+MEK SCC mix in order to quantify the strength
efficiency of FA+MS+MEK in SCC at 3.7, 14,28, 60 and 90
days. This evalvuation makes it possible to  design
FA+MS+MEK SCC for a desired sirength at any given
percentage of replacement, The strength efficiency factor
k" 15 evaluated for three cases: (1) MS 15 singly blended 1n
SCC, (2) MS is blended with FA in SCC and (3) MK is
blended with MS+FA in SCC. Based on the CO53+MS3
compressive strength as reference, “A’ value was calculated
using Bolomey equation and then efficiency factors for
FA+MS+MEK and FA+MS in S5CC mixes were then
determined using same Bolomey's equation. From table 7,
it can be observed that efficiency factors for binary (Mix
B2), ternary (Mix T3) and quaternary (Mix Q11) blended
high strength SCC mixes are 100, 104 and 1.08
respectively, All the three MB0O grade SCC muxes give
similar strength and satisfy EFNARC specifications. The
efficiency factor for quaternary
(CS0+FAZR+MST1+MEL1) blended high strength SCC
mixes is 1.08 which means that 1 kg of cement can be
replaced with 1.08 kg of FA+MS+MEK pozzolanic mixture.

VII CONCLUSIONS
Bascd on the test results and discussions, the following
conclusions are drawn:
I. For binarv and ternary blended SCC mixtures made
with percentage replacement of MS or MK, MS and MK
are limited to 5-15% and 5-20% respectively.

2. In guaternary blended high strength grade (M80) SCC
mixtures made of microsilica (M3) and metakaolin (MK)
together, keeping cement content constant (63% by weight
of total powder content), MS and MK contents are limited
07— 14%.
3, Incorporating MK into M5+FA based ternary blended
SCC mixes, the amount of fly ash has almost doubled.
From this observation, it can be understood that MS in
blended SCC mixtures imparts high strength while MK
inclusion enhances the usage of high quantity of fly ash in
SCC mixes for similar strengths and flow properties.
4. The gquaternary blended fly ash based 5CC mix made
of M35 and MK together is found to be superior (o emary
hlended v ash based SCC mix made with MS or ME due
to reason that the less cement is used and more fly ash
gquantity is consumed to develop blended high strength
grade (MBE0) SCC of same strength. Also Quaternary
blended fly ash based SCC mix giver better early strength
than ternary blended SCC mix.
5. From this observation, it can be understood that MS in
blended SCC mixtures imparts high strength while MK
inclusion enhances the usage of high quantity of fly ash in
SCC mixes for similar strengths and fMow properties,
6. Efficiency factor for quaternary blended S5CC mix
reveals that for similar strength, 50% of cement can be
replaced with FA28%+MS11%+MK11% combination of
pozzolanic mixture,
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Abstrace: Present National and International codes of
practice lead to a size invariant expression for minimum
percentage of fexural reinforcement. But the influence
of member size or fracture parameters namely, fracture
energy and critical crack tip opening displacement are
not considered. ACI 446.1R-91 (Re-approved 1999)
strongly recommends application of fracture mechanics
principles to quasi-brittle material like concrete.
Detailed literature study is made on the infloence of
fracture energy, critical crack tip opening displacement,
size of the member, compressive strength of concrete
and yield strength of concrete on minimum flexural
reinforcement of concrete members, Several researchers
have proposed expressions for minimom  flexural
reinforcement of concrete members, but the review of
literature on fracture bhehavior of lightly reinforced
concrete members show contradiction in conclusions.
Designer friendly expressions for fracture energy and
minimum flexural reinforcement are essential to the
practicing enginecrs to evaluate fracture energy and
minimum flexural  reinforcement  without knowing
ahbout the RILEM standards.

Index Terms-— Fracture energy, Size effect, Effective length of
fracture process zone, Compressive strength and  Minmimum
flexural reinforcement.

L. INTRODUCTION

A certain minimum  amount of reinforcement s
necessary inany concrete member 0 impart adequate
ductility., In this regard, codes of practice of different
Mations have provided size invariant cxpressions for
minimum flexural reinforcement to be maintained in the
concrete members. Standard codes of practice have
considered the minimum flexural reinforcement as
dependent on either compressive strength of concrete or
yield strength of steel. A detailed review of literature on
minimum  fexural reinforcement of reinforced concrete
members is presented,

1. LITERATURE REVIEW ON MINIMUM FLEXURAL
REINFORCEMENT OF CONCRETE MEMRBERS

Bosco et al [1990] reported experimental studics on
30 RC beams made of concrete of average compressive
strength 91Mpa, The beams were reinforced in such a way
that they fall in five different classes with respect to the
brittleness number. It was found that beams of same
brittleness number revealed same variation in load- same
variation in load-deformation irrespective of the bheam
depth and the area of sweel,

Bosco et al [1990] uwsed the experimental load-
deformation variations for defining minimum  flexural
reinforcement in high strength concrete (HSC) beams. A
tramsitional brittlencss number was defined when a change
in the behavior of beams occurred from brttle to ductile,
which cormesponds to pun.

Ananthan et al [1990] developed a model 1o
determine the influence of strain softening in concrete
beams. Softening beam theory was used in the model
development. The size effects were determined by using an
empirical equation for the fracture process zone derived
from the experimental results available in literature. A
linear stress—strain relationship in the post-peak region was
used,

Bosco et al [1992] conducted experiments on 46 more
beams with five different strengths ranging from 16-76
Mpa to calculate the transitional brittleness number Np,
which defines a change in the behavior from brittle to
ductile. Reinforcement corresponding to that was defined as
tho min, Based on experimental data, an expression for
minimum flexural reinforcement was proposed;

_ K, (0.140.0023f,)
P D

Baluch et al [1992] combined the concepts of fracture
mechanics as well as constitutive relations and strain
variations to arrive at a theoretical model for prediction of
residual strength of RC beams. The crack propagation
with increase in the moment was predicted osing the

(1
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theoretical model and wvalidated with experiments. The
model was used for a crack controlled design. The design
mement and the crack depth are the design parameters. A
criterion was proposed for minimum flexural reinforcement
o avoid  unstable  crack  propagation.  The  moment
corresponding to the maximum load of reinforced concretes
beam is greater than the initial cracking moment of a plain
concrete beam. The expression for minimum  flexuwral
reinforcement is:

1.9134K;.°
min = 2HC0 {21'
H.WIE[].?—" >
o

¥

Gerstle et al [1992] studied the tensile cracking
behavior of singly reinforced concrete beams in flexure
using the fictitious crack model. An analytical model was
proposed by considering the equilibrium of tensile and
compressive forces and deformation of concrete. An
expression for minimum reinforcement was defined but it
does not contain the yield stress of reinforcement, f, which
was objected by many rescarchers.

s i

el

Wafa F. F. and Ashour S.A. [1993] presented
experimental results of 20 high strength concrete beams
tested in  flexure o examine minimum flexoral
reinforcement  requirement  without fracture  mechanics
principles. The variables were Mexural reinforcement ratio
and  concrete compressive  strength,  The  flexural
reinforcement ratio ranging from 0,21 to 0.88%, and the 28-
day concrete compressive strength ranging from 45 o 90
MPa were considered. The test results were compared with
the minimum reinforcement ratios of both the ACI: 318-82
and ACI: 318-95 Codes. Effects of specimen size and
fracture parameters were not considered in this paper.

i
Ju.um +0.0148 52 —u.m]‘ (3)
Ew

X

Ruiz et al [1998] performed experimental studies on
lightly reinforced beams in which the importance of
concrete cover and bond between steel and concrete on the
behavior of RC beams was described. Beams with a large
cover showed a secondary peak between concrete cover and
steel yielding, which provides a hint as to the role of
reinforcement cover in crack propagation,

M.Bruckner and R.Eligehausen [1998] rescarch
results suggest that minimum reinforcement ratio dependent
on size of the member. The experiments on beams with
depths varying from 0.125m to 0.5m and with 0.15 % of
reinforcement revealed that the load-deformation curves of
these beams showed a large plateau after the peak load
indicating wery ductile behavior. It was observed that with
increase in beam size, the brittleness increased, The need
for a size-dependant definition of minimum reinforcement
was emphasized. The value of, Py is obtained by solving

the following condition

M
bd (d - 0.57x) f,

i B {Pous (4)

Ashour S.A. [2000] tested mine reinforced  high-
strength concrete beams to investigate the effect of concrete
compressive strength and flexural tensile reinforcement
ratio on load-deflection behavior and displacement ductility
of cracked rectangular reinforced concrete beams. Concrete
compressive strengths of 48, 78, and 102 MPa and tensile
remnforcement ratios of 1,18, 1.77, and 2.37% were used.
Displacement ductility was investigated and it was found
that for a displacement ductility index of 3, the ratio p/ p,
should not exceed .25 and 0L50 for concrete beams with
concrete compressive sirength of 102 and 48 MPa,

Ivengar K.T.S.R. et al [2002] wsed fctitious crack
mdel to model the propagation of cohesive cracks in a
beam of quasi-brittle material such as concrete. The stress-
displacement relation was assumed as a generalized power
law function. Expressions for moment-rotation relations
were given. The analysis gives the effect of the softening
exponent on the size effect and snapback behavior of
beams. The effect of the elasticity co-efficient of the central
elastic  layer on  moment—rotation  relation  was  also
determined,

Shamu et al [2004] performed fracture studies on
remforced concrete beams based on bi-linear lension
softening response of concrete, The proposed model
predicts the minimum reinforcement in flexure as well as
the crack width in RC beams.

Raghu Prasad et al [2005] considered strain
softening of concrete in teénsion along  with  fracture
mechanics  principles,  An improved model  based on
fundamental equilibrivm equation for progressive failure of
plain concrete beam was presented and extended for lightly
reinforced concrete beam.

Fantilli AP et al [2005] experimentally investigated
the transition from the un-cracked to the cracked phase in
lightly reinforced concrete beams by testing five full-scale
beams under three-point bending. All beams had the same
dimensions  and the same percentage of flexwral
reinforcement. But the diameters of bars and the number of
bars used are varied. Test results demonstrate that during
the growth of crack, the moment rotation diagrams, the
tensile strains in concrete and the shape of crack profiles
depend on the mechanical response of bar diameter.

Kumar 5. and Barai V. 5. [2008] presented finite
element formulation of cohesive crack model for predicting
non-linear Mode-T fracture  behaviour of geometrically
similar notched plain concrete beams. The effect of finie
element mesh on load bearing capacity of the beam was
further analyzed. It was shown that for normal size-range
structures, the values of peak load determined using the
concept of linear elastic fracture mechanics deviates from
those obtained using cohesive crack model. Influence of
some important softening functions of concrete on the
global response and size-effect curve was also presenied.

) CVER College of Engineering



ISSN 2277 - 3916

CVR Journal of Science and Technodogy, Volume 11, December 2016

Carpinteri. A et al [2010] presented a new fracture
mechanics based model for the amalysis of reinforced
concreéte beams in bemnding describing both cracking and
crushing growths taking place during the loading process
by means of the concept of strain localization. The
nonlinear behaviour of concrete in compression is modelled
by the Overlapping Crack Model. On the basis of different
nonlinear contributions due to concrete and steel, a
numerical finite element algorithm is proposed. According
to this approach., the flexural behaviour of reinforced
concrete structural elements is analyzed by varying the
main  geometrical and mechanical parameters. It s
concluded that the ductility is an increasing function of the
compression steel percentages, the concrefe compressive
strength, the stimups contents, whereas it decreases as the
tensile steel percentage andfor the structural dimension
increase,

I SIGNIFICANCE OF PRESENT STUDY

In the near future, there 15 going o be a graduoal
change in the design methodology from the strength based
design to fracture based design, And in this, fracture energy
of concrete and minimum flexural reinforcement play a
vital role. When the concrete strength increases to high
strength levels, its fracture properties also change. While
designing a structure using high strength concrete, the
designer usually ignores the altered properties of concrete
and possible changes in the overall response of the
structure, hecause of the lack of adequate information in the
present codes of practice.

In view of the safe design of structures, it is essential
1o develop designer friendly expressions for guantifying the
fracture encrgy and minimum flexural reinforcement, which
will be very uscful to the practicing engineers. By using
such formulae, laborious testing can be avoided to estimate
them. If such formulae are developed, then the Practicing
engineers need not know what the RILEM standards are
and how to implement them in the field o evaluate the
fracture energy of concrete.

IV, Discussion Ox LITERATURE FINDINGS

On the basis of minimum reinforcement expressions

suggested by  differenmt  researchers, the following
conclusions are made.
1}  According to  the minimum  percent  flexwral

reinforcement expressions given by Bosco et al, Ruiz et al
and Hawkins et al, the minimum percent flexural
reinforcement is found to be decreasing with the increase in
size of the beam for a given compressive strength of
concrete,

The minimum percent flexural reinforcement is observed
as increasing with the increase in the compressive strength
of concrete. As per Bosco et al, Ruiz et al and Hawkins et
al, when the compressive strength of concrete is increased
from 20Mpa to 30Mpa, the percent increase in minimum
flexural reinforcement for 200mm depth beam 15 15.77%.,

27.18% and 25.49% respectively and the percent increase
in minimum flexural reinforcement for 1000mm depth
beam 15 15.8%, 28.91% and 25.51% respectively. For a
compressive strength of 20 MPa, the percent decrease in
minimum (lexural reinforcement when the beam depth is
varied from 200mm o 1000mm is 55.29%, 21.45% and
25.19% respectively. The wvanation of minimum
reinforcement with size of beam for different compressive
strengths of concrete is presented in Fig. 1, Fig. 2 and Fig. 3
respectively,
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Figure 1. Varintion of minimum fexural reinforcement
with size of beam (Bosco et al, f=150MPa}
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Figure 2. Wariation of minimum flexural reinforcement
with of beam (Hawkins et al, Fy=2500Pa)
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Figure 3. Variatiom of minimurm fexoral reinforcement
with size of beam (Ruiz et al. fy=151MPu)

2} The findings of Bosco et al, Hawking et al, Ruiz et al
reveal that the minimum percent flexural reinforcement
decreases with the increase in size of the beam for a given
yield strength of steel, It is also observed that the minimum
percent flexural reinforcement decreases with the increase
in the vield strength of steel. For 200mm depth of beam
with fy=250Mpa. the percent decrease in minimum percent
flexural reinforcement between Bosco et al and Hawkins et
al is 16.43% and the Bosco et al and Ruiz et al is 16.36%.
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For 200mm depth of beam with £,=415Mpa. the percent
decrease in minimum percent flexural reinforcement
between Bosco et al and Hawkins et al is 16.43% and the
Bosco et al and Ruiz et al 15 18%. For 2(0mim depth of
beam with [,=50Mpa, the percent decrease in minimum
percent flexural reinforcement between Bosco et al and
Hawkins et al is 16.44% and the Bosco et al and Ruiz et al
is 18.4%. The variation of minimum reinforcement with
size of beam when yield strength of steel increased is
presented in the Fig. 4, Fig. 5 and Fig. 6 respectively.

—4— Bosco et al

reinforcement for 20MPa compressive strength of concrete
in Bosco et al and Hawkins et al and Bosco et al and Ruiz
et al is 16.43% and 18% respectively. The percent increase
in mimmum flexural reinforcement when the compressive
strength of concrete is varied from20MPa o [00MPa in
Bosco et al, Hawkins et al, and Ruiz et al is 55.76%, 59.4%
and 61.18% respectively.

The variation of minimum reinforcement with compressive
strength of concrete is presented in Fig. 7.
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Figure 4. Variation of minimum flexural reinforcement

with yield stress of steel (1,=23) MPa)
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Figure 7. Variation of minimum flexural reinforcement with different
compressive strengths of concrete (fy=250MPa})

4) Minimom percent flexural reinforcement predicted by
Baluch ¢t al is wvery high compared to the minimum
reinforcement predicted by the other researchers, Bosco et
al, Hawkins et al and Ruiz et al. For £=250MPa and
f.=20MPa, minimum reinforcement variation with increase
in size of beam is presented in the Fig. 8. It is found that the
minimurn percent reinforcement decreases with the increase
in size of the beam.
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¥ According to Bosco ot al, Hawkins ef al, Ruiz et al,

the minimum reinforcement is found to be increasing with
the increase in compressive strength of concrete for a given
size of beam. The percent increase in minimum flexural

Figure 8. Variation of minimam flexural reinforcement with different
compressive strengths of concrese (f,=4 1 5MPu)

5)  For a particular compressive strength of concrete,
Gerstle et al prediction of minimum reinforcement variation
with increase in size of beam is entirely different from the
trend shown by other researchers, Bosco et al, Hawkins el
al, Ruiz et al and Baluch et al. Minimum reinforcement
variation with the increase in size of beam for compressive
strengths of concrete. 200Pa. 30MPa and 60MPa, is
presented in Fig. 9. It is found that the minimum percent
flexural reinforcement increases with the increase in size of
beam when compressive strength of concrete is increased.
According to Gerstle et al, when the compressive sirength
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of concrete 15 increased from 20Mpa to30Mpa, the percent
increase in minimum flexural reinforcement for 200mm
depth beam is 1 1.08% and the percent increase in minimum
flexural reinforcement for 1 000mm depth beam is 9.45%.
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Figure 9. Variation of minimum flexural reinforcement with compressive
strength of concrete (f,=2530MPa)

The minimum reinforcement expressions given in the
present Mational and International codes of practice like
BIS: 456-2000, ACIE: 318-2007 and BS: S110-2003 are
dependent on either yield stress or compressive strength of
concrete or only the tensile strength of concrete. Hence, the
codes of practice are giving a minimum reinforcement
value which is invariant of size of the member, where as in
case of AS: 3600-2005, the minimum  reinforcement
expression consists of size of the member, But no-where in
code it is mentioned whether fracture mechanics size effect
is considered or not. The minimum reinforcement
expressions by BIS, ACL BS and AS are given in Table 1.
The minimum reinforcement as per AS: 3600-2005 is
decreasing with the increase in the size of the specimen.
The variation of minimum reinforcement with the size of
member is presented in Fig. 10,
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Figure 10, VManation of mimimum flexoral reinforcement
with size of beam as per present codes of practice

Table 1. Minimum reinforcement expressions by Mational and
Tnternational codes off Practice

V. CONCLUSIONS

I. A detailed review of literature on the behavior of lightly
reinforced  concrete members  showed  contradiction  of
conclusions. Bosco et al [1992] in

their studies indicated a decrease in minimum steel ratio
with the increase in beam height (h) in the proportion of

A", The study of Hawkins et al [1992] and Baluch et al
[1992] indicated the variation of minimum reinforcement

with sizeas B ™" and A" respectively. Studies by
Gerstle et al [1992] showed minimum reinforcement ratio

variation with size ash" " whereas Ruiz et al [1996]
predicted the variation of minimum steel ratio with size
" h—ﬂ.lm

2, Based on literature study, it is felt that;
i. Can an analytical model be developed for estimating
the minimum flexwral strength of RC as well as
high strength concrete?
ii If 50, how to quantify the fracture energy of normal
as well as high strength concrete?
iii. Can an expression for minimum flexural
reinforcement be obtained using the analytical data
developed in (i) and (i) knowing the compressive
strength of concrete, vield stremgth of reinforcing
bars and fracture energy of concrete?
iv. Whether the expressions developed in {iii) stands
valid or not,
3. In near future, there is going to be a gradual change in
the design methodology from strength based design to the
fracture based design. And in this, fracture energy of
concreéte and the mimmum flexural reinforcement play a
vital role, In view of the above, it is necessary Lo develop
designer friendly expressions for gquantifying the fracture
encrgy and minimum flexural reinforcement, which will be
very useful to the practicing engineers.

CVR College of Engineering 11



ISSN 2277 - 3916

CVR Journal of Science and Technodogy, Volume 11, December 2016

REFERENCES

[1] Bosco C., Carpinteri, A and Debernardi P G, Fracture
of reinforced concrete:Scale effects on snap-back
instability, Engineering Fracture Mechanics, 35 (4),
1990, pp 665-677.

[2] Ananthan H., Raghuprasad B. K., Sundara Raja
Ivengar K. T., Influence of strain softening on fracture
of plain concrete beams, Int. Journal of Fracture 1990;
45:195-219.

[3] Bosco C. and Carpinteri, A., Fracture behaviour of
beam cracked across  reinforcement, Theoretical and
Applied Fracture Mechanics, 17 (2), 1992, pp 61-68.

[4] Baluch, M.H., Azad AK. and Ashmawi, W,, Fracture
Mechanics  Application to  Reinforced Concrete
Members in Flexure, Proc International Workshop on
Applications of Fracture Mechanics to Reinforced
Concrete, ltaly, 1992, pp 413-436.

[5] Gerstle, W.H., Dey, P.F., Prasad, N.N.V., Rahulkumar,
P. and Xie, M., Crack growth in flexural members-A
fracture mechanics approach, ACI Structural Journal,
B9 (6), 1992, pp 617-625.

[6] Wafa, FF.  and Abour, 5.A. Minmimum flexural
reinforcements of high strength beams, SP; 172-30,
ACT Strectural Journal, 90(3),1993,pp 279-87.

[7] Ruiz, G., Elices, M., and Planas, J.. Size effect and
bond-slip dependence of lightly reinforced concrete
beams-Minimum reinforcement in concrete members,
A Carpinteri, ed., Elsevier, London, 1998, pp 67-97.

[8] Bruckner, M., and Ehgehausen, R., Mimimum
reinforcement in RC Beams, 2™ Int. Ph.D. Symposium
in Civil Engineering 1998 Budapest, 1-7, 1998,

[9] Ashour. S.A., Effect of compressive stremgth and
tensile reinforcement ratio on flexural behavior of
high-strength concrete beams, Journal of Engineering
Structures, 22, 2000, pp 413-423.

[10]Iyengar, K. T. 8. R., Raviraj, §. and Jayaram, T. N.,
Amalysis of crack propagation in  strain-softening

NOTATIONS

Total depth of member

Critical Crack Opening Displacement
Critical Stress Intensity Factor
{Fracture Toughness)

Width of member

Material tensile strength

Mawdulus of Concrete

Minimum flexural reinforcement

Yield Strength of Steel

Cover to tension steel

Area of Steel

Characteristic Compressive

Strength of Concrete

Modulus of Steel

Stress block parameter

Neutral axis depth

Balanced steel ratio

Moment corresponding to first crack

~E o
L

o, f
4

ey

o~
"

Zp * =M

beams, Engineering Fracture Mechanics, 69, 2002, pp-
T61-T78.

[11]Shamu, 5., Rap, C. L. and Menon D., Fracture in
reinforced concrete beams, STTP, Fracture Mechanics
of Concrete: Theory and Applications, 2004, Madras,
India,

[12] Raghu Prasad, B.K., Bharatkumar, B.H.. Murthy,
D.S.R., Marayanan, K. and Gopalakrishnan, 5.,
Fracture mechanics model for analysis of plain and
reinforced concrete high performance beams, Journal
of Engineering Mechanics, 131 (%), 2005, pp 831-838.

[13] Fantilli, A. P., Ferretti, D, lor, [, and Wallini, P..
Behaviour of R/C elements in bending and tension:
the problem of mimmem  reinforcement  ratio-
Minimum reinforcement  in concrete  members,
A.Carpinteri, ed., Elsevier, London, 2005, pp 99-125,

[14] Belgin,C.M., Siddik Sener, Size effect on failure of
Over reinforced concrete beams, Engineering Fracture
Mechanics, 10" Sept,2007.

[153]Kumar, 5., and Barai, ¥V.5., Cohesive crack model for
the study of Non-linear fracture behaviour of concrete,
Indian Concrete Institute, Volume 89, November 2008,
pp 7-15.Carpinteri, A., Corrado, M., and PaggiM., An
integrated cohesive/overlapping crack model for the
analysis of flexural cracking and crushing in RC
beams, International Journal of Fracture, 2010, pp.161-
173.

[16]AS: 3600-2005, Australian Standard for Concrete
Structures, Standards Australia, Sydney.

[17]BIS: 456-2000), Code of practice for design of plain
and reinforced concrete structures, Bureau of Indian
Siwandards, New Delhi,

[1B]BS: 8500-2003, British Standard Code of Practice for
Structural Use of Concrete, Part [I, British Standards
Institute, London.

[19]L.Elfgren. Fracture mechanics of concrete structures
from theory to applications, RTA 90-FMA fracture
mechanics o concrete-application RILEM, Chapman
and Hall, 1989, London.

12 CVER College of Engineering



ISSN 2277 - 3916

CVR Journal of Science and Technology, Volume 11, December 2016

Investigation on Effects of Nonlinear Static
Procedures on the High Rise Buildings

Sreenath Mahankali' and P.V.V 8.5 R Krishna®
'CVR College of Engineering/ Civil Engineering Department, Hyderabad, India
Email: mahankalisreenath. mi@gmail.com
*CVR College of Engineering/ Civil Engineering Department, Hyderabad, India
Email: siva_polinas@gmail.com

Abstract: The ohjective of the paper is to evaluate and
compare the structural behavior and response demands by
mon linear static procedures (NSP'sh such as Capacily
Spectruom  Method  recommended  in ATC40  and
Displacement  Coefficient Method recommended  in
FEM A356. So, lor the investization of the two methods, two
of J-dimensional high rise RC structures with different
characteristics are analyzed for investigation. To obtain
nonlinear behavior of the buildings under lateral loads, the
Iise Force-roof displacement graphs such as capacity curves
are determined by pushover analysis. Then four different
stismic  hazard levels are considered and  their
corresponding structural responses are determined by wsing
the two evaluations namely CSM and DCM and resulis are
obtained. Comparing structural response quantities (such as
maximum displacements) obtained from the NSPs for
considered high-rise RC buildings, effects of different
evaluations such as DCM and CS5M in performance
evaluations of the stroctures are comparatively investigated.

Iidex Termis— Pushover Analysis, Capacity Spectruim
Method, Displacement Coefficient Method.

L. INTRODUCTION

Past two decades, structural collapses and damages due 1o
severe carthquakes have caused great loss to economy,
mostly in large citics, Subsequently, 1t 15 important to
discuss and examine the present country codes available
and also to develop parallel methods which are more
realistic in approach to the normal force based design. So
for this purpose, displacement is chosen for realistic
approach rather than traditional force based methods which
is called performance based design (PBD)  having
displacements (deformations) have been started. In so many
nations, like Japan and United States of America various
codes are developed like {¥Vision 2000 (SEAQC 1995),
FEMA 356 (FEMA 20080) , Bluebook [Structural Engineers
Association of California (SEAQC) 1999], FEMA 273
(FEMA 1997), and ATC 40 [Applied Technology
Councili ATC) 1996] |. So. the term PBDiPerformance
Based Design) became more popular in the branch of
Structural  and  earthguake Engineering. And  mostly
Structural Engineers have to take keen interest in the
concepts of PBD in order to design structure resistant to
Earthquake attacks. The basic concept of PBD is to perform
desirable characteristics even in unfavorable and sudden
loadings. And also, it is not possible to verify and check the
performance of structure in different states by force based
methods. So, to study about the performance of the

structure in different states PBD is the best approach.
Smaller earthquake anttacks have caused an abnormal
inelastic behavior in buildings. After recent earthguakes,
muny buildings have faced o the damages which cannot be
repaired or highly economical to repair,

The concepts in PBD, which have multiple stages
in design, provide an improvement in the present available
codes. So, to determine the response demands for
earthquake assessments of structures within Performance
Based Design Concept, analysis procedures like non linear
static analysis procedures (MSP's) are becoming more
popular in Structural Engineering due o iis realisiic nature.
Already some Seismic Codes like Evrocode No, 8 included
the non linear static procedures (NSP's) in them, Though
nonlinear time history analysis is the most realistic
approach in determining the seismic response demands of
structures, it need larger input data like (damping ratio, sets
of accelerograms etc...) and provides results which are very
difficult to interpret (such as seismic response demands
with time and variation of displacement, absorbed energy,
elc...). S0, o overcome such difficulties, NSPs are mostly
used in ordinary engineering applications o avoid large
assumptions required by the designer. As a result,
simplified N5Ps like ATC40, FEMA356, and other became
popular.

In NSP's, by pushover analysis for a specified
seismic hazard level capacity curves are obtained, from
which as we can determine the maximum displacement.
From it, other results like plastic rotations, story drifis,
digplacements, etc, are extracted by uwsing this curve, In
FEMA 356 and ATC 40, Single degree of freedom (SDOF)
system approach is wsed in determination of displacement
demands in N5SPs, which is called as displacement
coefficient method (DCM) and capacity spectrum method
{CSM), respectively.

The aim of this study is o evaluate and compare
structural and nonstructural response demands obtained
from CSM recommended in ATC 40 and DCM
recommended in FEMA 3536, which are most commonly
usedd in practice for performance evaluation. In recent years
high-rise buildings are becoming more popular and there
are more chances of collapsing due to earthquakes, For
these reasons, this investigation performed on the different
NSPs is primarily focused on high-rise RC buildings. In
this study, two of three-dimensional high-rise RC buildings,
including regular and irregular configurations are studied.
Then, four different seismic hazard levels such as El, E2,
E3} and E4 are determined by wsing CSM and DCM. In
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order o determine the performance levels of the buildings,
maximum  plastic rotation and maximum  story  drfi
demands are found for cach structure pushed until the
related maximom displacement demand 15 achieved. In the
study, maximum displacements in the four hazard levels of
two different configurations such as regular and irregular
are determined and compared.

A. The Pushover Analvsis Method

In general, to determing the performance of the
structure various lateral loads are applied on the buoilding
initially starting from zero to the required displacement
level and weak points in the structure are found out. Then
the performance of the building is determined by studying
the status of plastic hinges formed at given target
displacement or performance point related to the particular
earthquake intensity level. The building is safe and efficient
if the demand does not exceed capacity at all hinges.
Though the loads applied, earth quake intensities and the
evaluation procedures are theoretically comrect with respect
to the real carthquake events that are occurring; i may
differ from the rigorous dynamic analysis in many ways,

B. Evaluarion Procedures

Though the methods for structure evaluation are
differ from one another, their basic approach are almost the
same and all of them wse the bilinear approximation of the
pushover curve, This static procedure equates the properties
of Multi degree of frecdom (MDOF) structures to relevant
Single degree of freedom (SDOF)  equivalents, and
approximates the expected maximum displacement using
the Response spectrum of relevant seismic intensity. The
different methods in Pushover analysis are ATC 40 (1996)
Capacity Spectrum Methed (CSM); FEMA 356 (2000)
Displacement Coefficient Method (DCM); FEMA 440
(2005) Equivalent Linearization - Modified CSM;
FEMA440 [3]- 2005- Displacement  Modification-
Improvement for TCM

1. DESIGN SPECIFICATIONS

For the investigation of Pushover analysis on high
rise buildings, two different types of buildings have been
misdeled in 5AP2000. First one is a regular building and the
second one is an irregular building and different types of
Seismic hazard levels have been considered,

A, Definitions of Seismic hazard levels

For determining structural responses of the RC
buildings four different seismic hazard levels are
considered investigated for two different NSPs. These
seismic hazard levels are:
I. Low-intensity earthguake (E17);
2, Muoderate earthquake (E2);
3, Design earthquake (E3);
4, Maximum earthquake (E4);
As defined in ATC 40 (ATC 1996), FEMA 356 (FEMA
20000, seismic hazard levels indicates nearly the maximum

intensity ol earthquake which is expected at the relevant
earthquake site. In many codes (ATC 40, FEMA 356, TEC,
et ), the maximum, design, and moderate earthgquake for a
building with building importance factor (f) of 1, are one
with a probability of 2%, 10% .and 50% of occurring
within a period of 30 wyears, respectively. For the low-
intensity earthquake, seismic harzard level classifications
given in ATC 40(ATC 1996), FEMA 356 (FEMA 2000)
are used. Them, the wvalues related to the different
earthgquake intensity levels are taken from the design
spectrum given in the TEC. And with reference 1o it EI is
0.3 times E3; E2=0.5 times E3; E4=1.5 times E3.

B, Descriprion af the Building

The test building is a Ten storey's reinforced
concrete building, with each storey having a height of 4.00
m and bay sized having 8.00 m along both directions. The
columns at the base are rectangular with dimensions
F00x650 mm, and same dimensions continued till roof.
Column longitudinal reinforcement may be taken between
the range of 1.0% and 2.5%, while 8 mm diameter bars are
used as transverse ties. Beams are designed to dimensions
of 750650 mm in all storeys and are lightly reinforced
(nearly up to 0.4% steel ratio). The cross-sectional
dimensions of columns are relatively narrow, so that the
capacity of early designs to be as much as possible low cost
in usage of concrete, as it will be in situ mixed and
conveved manually and  placed and  becavse of the
relabvely very low level of seismic action, Hence, in the
test structure the columns are slender and not strong enough
to carry a large amount of bending caused by lateral forces
generated during an seismic attack and subsequently are
highly flexible than beams. More details about formwork
and reinforcement details can be found in Table. The
building has been designed according o [5450: 2000, that is
the Indian Standard design code, following  allowahble
design stress procedures and simplified structural analysis
mumdels, The values of dead and live loads were specified in
the Indian Standard Codes, which are still in effect today.
Structural elements possess no special reinforcement bars
for confinement in the ecritical section and no capacity
design provisions were used in their design. In order to
resist negative moments at beams due to gravity loads
Longitudinal bars in beams, are bent upwards at their end.
However, high imensity earthquake vibrations can alter the
moments at the ends of the beams (from sagging to hogging
moement}), As a result the steel in bottom section of beams at
support may not be adequate for earthquake resistance.
Moreover, widely spaced stirrups (300 to 400 mm) do not
provide required confinement. Hence, stirrups are unable to
withstand large curvature demand due to earthquake loads.
For this project two models of high-rise buildings of G+10
are considered. The design specifications of two cases are
shown in Table | and the 3D view and plan of first case and
second case are shown in the Fig, 1, Fig.2, Fig.3 and Fig.4
respectively,
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TIL. DESIGN SPECIFICATIONS OF STRUCTURES

The design specifications of the building | and building2 are shown in tablel

[PESICN EFEEIFFEQEEL[GEV;UFBU]LDINUE
(eneral Aspects Design Variable Selected Criteria For Building |
General configuration for Support Configuration Fixed
design Occupancy and Use Commercial
Design Standard Code IS 456:2000
Initial Damping %
Concrete M30
Reinforcement bars HYS5D415
Related geometric Irregularities Regular and Symmetric
properties Building({Building 1) &
Irregular with L-shape and
Symmetric Building(Building2)
Basements Mot considered
Number of Stories 11
Inter-Story Height 4m
Distribution of bays Uniform
Typical bay length 8m in both dircction
Beam Dimensions 750#F600mm
Column Dimensions TO0*E600mm
Load Configurations Additional Dead Load 2KN/m
Live Load 3KN/m
Basic considerations for Configuration model 3D model
Nonlinear analysis Seismic Hazard Levels Low, moderate, Design and
maximum
Plastic moment hinges Both Beams and columns
consideration
Plastic moment hinges At 5% of span length from each
location node
Software SAP2000

The 3D view and plan of the building case 1 and building case 2 are shown in Fig.1 and Fig.2 and Fig.3, Fig.4.

e

Figure 1. 30 view of Regular Building

Figure. 2. Plan of Regular Building

CWVR College of Engincering




ISSN 2277 - 3916

CVR Journal of Seience and Technology, Volume 11, December 2016

e g .

Figure 3. 3D view of rregular Building

e

Figure 4, Plan of fregular Building.

IV. RESULTS

The two cases for different hazard levels are analvzed by
using SAP2000. The formation of plastic hinges s shown
in the Fig.5, The graph related to CSM of irregular building
is shown in Fig.6 and the DCM results of irregular building

are shown in Fig.7.

Takle 2: Comparing the Difference in C5M and DCM for four Seismic

Hazard Levels
Buildi | Seismi | Difference Yool
ng c between | difference in
Hazar | CSM&DC Maximum
d M Displacement
Level
Buildi El 0.030426 5.894%
ngl E2 0. 188204 36.62%
E3 0.13827 26.90%
E4 0.202729 39.336%
Buildi El 0.064137 14.4638%
ng2 E2 0.058631 14.,494%,
E3 0.052299 12.22%
E4 0.05467 14.529%
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Figure 7. DCM Result of Iregular Building {E3)
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¥. CONCLUSIONS

This paper presented the comparison between the
two methods of MSP's by using SAP2000. SAP2000 is
one of the best softwares for analyzing the structures as
it has a very high accuracy. It 15 the best tool for
egxploring and comparing different  methods  of
approach in analyzing. The pushover analysis is one of
the important approaches for analyzing the behavior of
structure towards seismic attacks. The effect level of
the earthquake hazard levels can be easily studied in
the form of deformations of the structures. Mon-linear
pushover analysis serves the basis for determining the
capacity of the RC building in terms of base shear and
roof displacement when displacement based approach
15 adopted,

Displacement based approach fends o give
realistic opinion of demand over the building as it uses
roof displacement as preliminary input parameter. In
future times these types of approaches become more
popular as the high rise buildings are increasing more
in number, Capacity curves of the structures have been
plotted. The graph is linear to some extent of base
shear and then it becomes constant, this is due o the
formation of plastic hinges in the structure. Capacity
Spectrum Method is one of the good approaches for
Non linear Static Procedures as this approach gives the
results about displacements, spectral acceleration (5g)
and Time Periods (T},

The Maximum Displacements for frames by
Displacement Coefficient Method recommended by
FEMA336 are higher than that of Capacity Spectrum
Method  recommended by ATC40For  Regular
Building (Building Case1) the Percentage Difference in
Maximum Displacement between DCM and CSM is
gradually increasing from Low Hazard Level to
Maximum Hazard Level (E1 1o E4). So it concludes
that in case of Regular buildings for low seismic
hazard levels both the methods will give almost same
results where as for ligh seismic hazard levels, the
difference between two methods differ in oa great
manner, For irregular building (Building Case2) the
Percentage Difference in the Maximum Displacement
between DCM and CSM is constant for all Hazard
Levels (El1 to E4). It concludes that even though the
both approaches are different they arise at same results
in case of Irregular Buildings.

Though the values are high for the DOM method,
it is one of the good approaches for Seismic Evaluation
af RC Frames
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Abstraci: The present paper analyses the size dependency of
the fracture energy and the fracture toughness of concrete
determined as per the RILEM Work-of-fracture method
(WFM). Normal and high strength concrete notched beams
have been modeled using the finite element software, ANSYS
12.1 to study the variation of the fracture parameters. The
fracture parameters (Gy . K; and SIF) are delermined using
Work of fracture method by testing geometrically similar
notched Plain normal  amd  high  strength  concrete
(20,30,40,50,60,700MPa) specimens of different sizes in a size
ratio of 1:4 with different notch depths (ay'd = 0,15, 0.3 and
0.45) under three point bending through lead-deflection
curves, The variation of both the fracture energy. fracture
toughness and the stress intensity factor as a function of the
specimen size and notch depth was determined using RILEM
Work-of-fracture  methed.  Fracture energy, fracture
toughness and stress intensity factor calculated using Work-
of-fracture method are increasing with the increase in size of
specimen and decreasing with the increasing notch depth
ratios,

Index Terms—Crack length, Fraciure energy, Fracture
toughness, Stress Intensity factor, Brittleness, Peak load,
Finite element analysis, ANSYS.

L. INTRODUCTION

Concrete, the highest consumed material in the
construction field endowed with the inherent qualibies of
casy mouldability to the desired architectural shape and
finish, high resistance to fire, easy and economically
available raw ingredients with high compressive strength.
Cracking in any material occurs when the principal tensile
stress reaches the tensile stremgth of the material at that
location. The study of the conditions around the crack tip is
called fracture mechanics, MNone of the conventional
strength theories like elastic or plastic theory describes how
the cracks propagate in a structure, The safety and
durability of concrete structures 15 significantly influenced
by the cracking behavior of concrete. Therefore, concrete
structures are mainly designed to satisfy two criteria
namely, safety amd serviceability. The evaluation of
adequate margin of safety of concrete structures against
failure is assured by the accurate prediction of ultimate load
and the complete load-deformation behavior or moment-
curvature response Based on the tensile stress-deformation
response, most engineering materials can be categorized
into three main classes:

Brittle: stress suddenly drops to zero when a brittle material
fractures.

Ductile: stress remains constant when a ductile material
yields.

Quasi-brittle: It is characterized by a gradually decreasing
stress after the peak stiress,

A, Mades of Fraciure

According to the mode of failure, fracture behaviour is
classified imto three categories. The three basic modes of
failure are presented in Figl.l, Mode 1 failure is known as
the Opening mode failure, In this mode, the displacement
of the crack surfaces is perpendicular to the plane of the
crack. Mode 11 failure is known as the Sliding mode or
Planar Shear mode failure. In this mode, the displacement
of the crack surfaces is in the plane of the crack and
perpendicular (o the leading edge of the crack. The third
basic mode is known as the Tearing mode or Anti-Plane
Shear mode failure. In this mode, the displacement is in the
plane of the crack and parallel to the leading edge of the
crack. In practice, it is difficult to develop pure mode IT or
mode I fractures in comcrete structures. Thus, besides
pure mode 1, mode of failure is often a combination of
basic modes which is called mixed mode.

(k) Modell ) Mode-111

Figure 1. Mesdes of Fracture

B. Srress Intensity Factor K;

The stress intensity factor is utilized as a part of fracture
mechamcs to predict the stress state (“siress intensity")
close to the tip of a notch brought about by a remote load or
residual stresses. It is a hypothetical constroct normally
applied to a homogeneous, linear elastic material and s
helpful for giving a failure criterion for brittle materials,
and 15 a basic technique and is a crntical technique in the
discipline of damage tolerance.. The idea can likewise be
connected to materials that display little scale yielding at a
notch tip.

C. Fracture Energy Gy

The strain energy discharge rate (or essentially energy
discharge rate) is the energy dispersed during fracture per
umt of newly created crack surface region. The energy
discharge rate failure criterion expresses that a notch will
arow when the accessible energy discharge rate G is greater

15 CVR College of Engincering



[S5MN 2277 - 3016

CWVR Journal of Science and Technology, Velume 11, December 2016

than or equivalent to a basic worth Ge, The amount Ge is
the fracture energy,
D. Non-Linear Fracture Parameters

Fracture Energy using Work-0f-Fracture Method. Based
on a measured load-deflection curve of a fracture specimen,
typically a three point bend beam {including the effect of its
own weight), the work of load P on the load-point
displacement & in RILEM method s calewlated as
W= | Pda,

Figure |.shows a typical three point bend test set up for
the determination of fracture parameters using RILEM
Work-of-Fracture mjthud.

|

L

Figure 2 . Thres point bend test set up

The fracture energy according to the RILEM® definition, W
Bl(1-e,)d

ey
Where o, =| —
( d j
E. Fracture Toughness K-

Fracture toughness is the property which portrays the
capacity of the material containing a crack to resist fracture.
If a material has high fracture toughness it will presumably
undergo ductile fracture. For two dimensional issues (plane
stress, plane strain, anti-plane shear) including crack that
move in a straight path, the Mode T fracture toughness is
identified with the energy release rate, Gy by

K.[c= 1,||| ':f:ﬂE

I SAMPLE LOAD CALCULATION
The most extreme load and Fracture Load are observed
to appear as something else and an exceptional quality for
the fracture load is obtained.
The peck load carried by M20 grade concrete having
beam size of 100mm x 130mm & a/D:; 0.15

BendingEquation: M _ @ebe _ E

I ¥ R

K ;
oche —-f;—r ?ﬂ- = 66TN/mm’

Gelody= M

For simply supported beams, the maximum bending
moment is

wi § w X 1050

4 4

M =262 5w

Where width of beam is = | 00mm
Effective depth, d = 150 - 22.5 = [27.5mm

Moment of inertia
= w =17.272 % 10 *mm4
12

Diepth of Neutral axis y = 1273 = §3.75mm
a

262 5w

0 75 =6.67 MPa
TaToxigg e hh

M
ache = i

Live Load, w = 688428 N

Self weight of Beam:

01X 0,15 X 25 =0.36kN/m = 360N/m

Dead Load wp =378 N

Total Load = w+ wp= 7262 28N

The Peak load values of various grades of concrete (M20 — MT0) with

different a'D ratiosand different beam sizes are colewlated and tabulated in
the Table 1.

TABLEL

PEAK LOAD VALUES FOR BEAMS OF DIFFERENT SIZES,
GRADES AND NOTCH-DEPTH RATIOS

Grade of Size of Beam a'h Penk Load N
concrete {mm X mmj
015 1536643
100 X 75 0.3 21478 88
045 454.79
015 T262.28
M20 100 X 150 3 5046.57
045 _3260.209
015 15280,77
1040 X 300 [ [ {8500
(.45 5764.11
015 525513
10 X% 75 .3 1504327
045 346788
.15 1066927
LD 100 X 150 .3 7377.363
045 4655,154
015 22154.84
100 X 300 0.3 15512
.45 1015477
0.1% A975. 346
100 X 75 3 4760936
0.45 £14.7370
015 14139.69
(REN] 100 X 130 0.3 Q710,487
045 (130,530
015 29035, 7%
100 X 300 0.3 2017867
045 1303446
015 R603 558
100 X 75 3 A927.546
0.45 gud 0
015 17580.52
P 5t 100 X 150 0.3 12043.61
045 751992
015 1501673
11 X 300 0.3 2484533
045 15915.0%
015 1041577
10 X 75 03 7054,155
0.45 174,858
i.15 21020,54
M 100 X 150 03 143176,73
.45 Q020,309
015 42797.68%
1060 X 300 0.3 512
.45 | §79.60
015 12135.9%
100 X 75 03 #260.763
045 13549168
015 24460,96
M0 100 X 150 3 16426, 35
(.45 10460, 65
0.5 |  49a78.62 |
100 3 300 3 417867
045 2167631
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HI. FiziTE ELEMENT MODELLING

Figure 6. Vectordoad Pl of notched concrete beam

Figure 3. 3D Modeling of notched concrete beam

Figure 7. Siress variation over the notched concrete beam

IV, ANALYSIS OF NOTCHED CONCRETE BEAMS

The load-deflechon  figure  shows  a  difTerent
deformation and behavior under the loads for b

~ams, thus
beam specimens had been made with two variables (notch
depth/beam depth ratio, and Conerete grade) were tested to
the ultimate load capacity so as to rescarch deflection
behavior in this study.

For particular depth, notch depth-beam depth ratio, The
Siress intensity factor 15 observed o be increasing with the
ncrease in the load and this stress intensity  factor
determined at crack tip, The following table shows the test
results of the beams

Figure 4. 30 Meshmyg of nodched conerete bewm

Grade Size of Stress
of Beam a'Ty Deflection intensity
concrete Sar b factor winm
| e haR6Y 1.7 7R0E
100 X 75 " l.l._:lu | [ |1.|":'3‘i : "_::_I.I-Ii_'\.l.ll
43 009912 0581767 |
(13 0. L0E3R 306743
P 24 13 X 1500 03 0083037 370101
045 (L3037 1.89274
013 642405
Figure 5. Deformed shape of noiched concrede beam 100X 300 | 03 57469
143 222868
13 714012
100X 75 i3 | (ST 4 4TI0K
045 | 0011293 (LATHE 1S
N EGEE 6.5 TR
M3 ox1se [o3 | TE 54103
043 | 0070993 | 3.05666
015 024289 b.09442
10 X 3} 0.3 01 RR 195 5.328
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Figure 9. Stress intenany factor at crack tip

Crade Size of Stress
of Beam aD | Deflection intensity
concrete ) o factor wme?
045 | O.115158 | 3404411
15 (085355 9.423R4
100 X 75 0.3 065392 563244
.43 0012554 08710014
.13 0149211
M 14 X 150 0.3 (11298 R.22TI3
043 0080327 3093158
.15 0. 275686 11, 36
100X 300 | 03 0.2 10886 BO56T2
0145 1.1 50206 ERTTTE]
[NE 096178
0X75 [ 03 0072495 737656
O (L 3675 3.1247

0.1 %3628 122141

M50 1083 X 150 0125368 704811
0047945 4AD0ET

030523 13,6341

1) X 30D 0231193 9. 36027

0. 1464004 516299

0, 1069 13.29%1

100 X 75 0079203 851535

0014744 512579

[TNETEE 129171

M 100 X 150 0136615 [T
010416 52368

.33284 16,1553

100 X 300 0250691 1L IIRd

0177231 373713

0115315 15,4955

100 X 75 0092228 10,280

0015742 4.1456

0. 1944459 16.0312

M0 100 X 150 0144513 10,5405
0102579 6073012

0357694 18,7562

100 X 300 (1. 285795 12 5765

0.1 89231 030

DEFLECTION, STRESS INTENSITY FACTOR FOR BEAMS OF

DIFFERENT SIZES, GRADES AND NOTCH-DEPTH RATIOS

Figure 8. Deflection at point of application of load

V. RESULTS ANALYSIS
A. Peak Load Vs Notch-depth Ratio

When the grade of concrete and the size of the beam is
constant, then the peak load and the deflection were found
to be decreasing with the increase in the notch depth ratios.
This is due to the increase in the brittleness of the member,
in other words, the increase in the crack length in a member
makes it to behave in a brittle manner. The following
graphs shows relation between peak load and notch — depth
ratio,

Peak Load Vs Notch-depth ratia |a./D)

1B000
16000
14000
12000

10000
BOOO —— =M mn

Pesk laad (k)

6000 — — E == D=150 mm

4000 — S ——

2000 ——— e | = [k= 300 mien
0 —4

0

Figurel0. Peak Lood vsMotch-depth ratio (M20 Concrete)

Peak Load Vs Notch-depth ratio |a /D)

25000
20000

15000 .

e [ TS
10000 e
—B—D=1%0mr

peak Losd | M)

Eida — T——

Figure 11. Peak Load v Motch-depth ratio (M30 Concrete)
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ek Load (N}

Paak Load \s Nateh-dapth ratie |a,/0)
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Figure 12. Peak Load vsNotch-depih miio (M40 Concrete)

Paak Load (M)

Peak Load Vs Notch-depth ratio |s,/0)
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Figure 13, Peak Load vsNotch-depth ratio (M50 Concrete)

Peak Load Vs Notch-depth ratio (a0
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Figure 14. Peak Load vsMNotch-depth ratio (M60 Concrete)

Paak Load (M)

Peak Load Vs Motch-depth ratio (a,/D)
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Figure 15, Peak Load viNotch-depth ratio (M7T0 Concrete)

B. Depth Vs Fracture Encrgy (Gg

From the following graphs it is clear that in a particular
notch depth-beam depth ratio, the fracture energy is
observed to be increasing with the increase in the beam
depth, This 1s due to the increase o the depth of uncracked
ligament which has enhanced the load resisting capacity
and hence the fracture energy of the larger depth beams.
Same trend was observed with the increase im the notch
depth to beam depth ratio. Similar trend was observed in
all the higher grades of concrete (M30, M40, M350, Moo,
M7

TABLE 111

FRACTURE ENERGY FOR BEAMS OF DIFFERENT SIZES.
GRADES AND NOTCH-DEPTH RATIOS

Cirade of Size of Beam a'ly Fracture
conerete (mm x mm} Energy (G

M-mim

015 115 WS

100 X 75 L3 &1 4389

0.45 2.153866

0,15 4137122

M20 100 X 150 [} 179.7514
1,45 118 641

0.15 15590 953

100 X 300 %] 2741657

0.45 3782803

0.15 1748352

160 X 75 [E] 1074548

0.45 3457815

015 T209258

M0 100 X 150 .3 IHRLETT

.45 160, 2044

0.15 2605, THT

100 X 300 0,3 1278975

1.45 5993141

015 283 4675

100 X 75 [1%] 1606794

01.45 4 153560

015 1153086

M4l 100 X 150 L3 SBT.6143

0.45 2427794

015 3609, 718

100 X 300 0.3 1838.153

0.45 1149.008

Grade of Size of Beam ahy Fracture

concrete {mm x mm} Energy ()

M-mm

015 30,9957

106 X 75 [T 214 858

0,45 72949549

0.15 1712.184

M30 100 X 150 03 754.930
043 3336194

015 5481438

100 % 400 0.3 2804537

0.45 13045962

015 556,7235

100 X 75 0.3 2809394

045 B IR0

0.15 18496, 975

Mg 100 X 150 0.3 052,072
10,45 S 6

[N E] T122 385

1000 X 300 0.3 3699201

0435 1663591
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0.13 G99.72835
100 X 75 0.3 3809375
(.45 1066446
.15 2378.200
100 X 150 0.3 1186913
.45 5365238
0.1% HER(O.B93
100 2 300 0.3 5235.318
0.45 2070.237

C. Fracture Energy Vz Nowh Depth

M0

Increase n the notch ratio (aD) increases the
brittleness of the member. In other words, increase in crack
length in a structure pushes the structure to behave in a
brittle manner. It indicates that the increase in notch depth
ratio decreases the fracture encrgy, In other words, increase
in crack length of a structure requires less fracture energy
for extending the crack. A decrease in fracture encrgy for
crack extension indicates the brittleness of the structure.

Fracture Energy \'s Depth of Beam
1E00

- leon
E
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S
5 400 _,-—"'"_--. —ar—a/D. 345
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2 ! -

-20n 109 00 0 200

Depth of Beam in mm

Figure 16, Fracture Energy Vs Diepth of Beam (M20 conerete)

Fracturs Energy Vs Depth of Beam
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Figure 1T, Fracture Energy Va Depth of Beam (M30 concrete)
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Figure 18, Fracture Energy Vs Depth of Beam (M40 concrete)

Fracture Energy Vs Depth of Baarm
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Figure 19. Fracture Energy Vs Depth of Beam (M350 concrete)

Fracture Energy Vs Depth of Beam
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Figune 20, Fracture Energy s Depth of Beam (M&d concrete)

Fracture Emergy Vs Depth of Beam
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Figure 21, Frecture Energy Ws Depth of Beam (M7 concrete )
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Figure 22, Fracture Energy Vs Motch depth (M20 concrete)
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Figure 23, Fracture Energy Vs Moich depth (M30 concrete)
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Figure 27, Fracture Energy Vs Nodch depth (M70 concrete)

D, Peak Load Vs Depih of Beam
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Figure 24, Fracture Energy Vs Notch depth (M40 conerete)

=000

===D=7Smm
=&—0=15%mm
—a— D= 300w

:

e

%

L] gL 0l oy 24 0.5
af' D Rakthors

Figure 25, Fracture Energy Vs Notch depth (M30 concrete)
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Figure 26 Fracture Energy Vs Notch depth (Mo0 concreto)

From the following graphs it is clear that in a particular
notch depth to beam depth ratio, the Load carrying capacity
is observed to be decreasing with the increase in the notch
depth to beam depth ratio. If notch depth to beam depth
increased the depth of uncracked ligament portion will be

decreased

so stiffness of member will be reduced. So load

carrying capacity will gradually decrease. Same trend was
abserved with the increase in the notch depth to beam depth
ratio. Similar trend was observed in all the higher grades of
concrete (M30, M40, M50, Mo0, M70)

peak Laad Vs Depth

1E008
15000
14000
_ dzoon
£ 10000

} §ooo =0 wl $15
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Figure 28, Peak Load Vs Depth {M20 Concrete)
Peak Load Vs Depth
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Figure 39, Peak Load Vs Depth (M30 Concrete)
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Paak Laad Vs Dapth
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Figure 30 Peak Load Vs Depth (M40 Conerete)
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Figure 31. Peak Load Vs Depth (M30 Conerete)
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Figure 32, Peak Load Vs Depth (M60 Concrete)
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Figure 33. Peak Load Vs Depth (MT0 Concrete)

E. Peak Load Vs SINT (Grade Wise)

In a particular size of the beam and for a particular
notch depth ratio, the stress intensity factor is observed o
be increasing with the increase in the grade of the concrele,
Thas is due to the increased load resisting capacity of the
beam with the increase in the grade of concrete.

Paak Laad Vs SINT
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Figure 34. Peak Load vs SINT (M20 Concrete, a/Tk: 0015, 003, and 0.45)

Paak Load Vs SINT
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Figure 315, Peak Load vs SINT (M30 Concrete, aTr: 015, (L3, and 0.45)

Peak Load Vs SINT
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Figure 36, Peak Load vs SINT (M40 Concrete.a/D: 0,15, 0.3, and 0.45)
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Peak Load Vs SINT
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Figure 37, Peak Load vs SINT (M50 Conerete, /D 0015, 0.3, and 0.45)
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Figure 38, Peak Load v SINT (Ma0 Conerete, 01 (.15, (03, and 0.45)
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Figure 319, Peak Load vs SINT (M70 Concrcte, 0/D: 015, 03, and 0.45)

F. Fracure Toughness Vs ay

Fracture Toughness is found to be decreasing with an
increasing the notch depth ratio. Increase in the notch depth
ratio  (a/D)  increases the brittleness of the member, In
other words, increase crack length in a beam it behaves ina
brittle manner.

TABLE IV

FRACTURE TOUGHNESS FOR BEAMS OF DIFFERENT SIZES,

GRADES AND MOTCH DEPTH RATIOS

Grade of Size of Beam a'ly Fracture
concrete {mm x mm) Toughness
(k)

015 1630551

100 X 75 0.1 1172099

0.45 2244949

015 J041.527

M2 100 X 150 0.3 20014435
0.45 1628.77

015 5064461

100 X 300 0.3 44721.192

0.45 2908 5368

015 218E. 163

100 X 75 .3 1715.451

01,45 07,7274

0,15 4443351

kLY 100 X 150 i3 3238135
0.45 2152639

0.5 BAOT.053

100 2 M 0.1 015291

0.45 405120

015 2993.999

100 X 75 (3 2254136

n.45 A03 6956

0.15 638,515

LERLY 10 X 150 [TE] 4310684
0,45 2770,805

.15 1068407

LW} X 300 (%] Thha S04

0.45 627 837

Cirade of Size of Beam a'l Fracture

conense {mm X man} Energy (4
IN-mim

015 3903.577

10 X 75 i3 2756,153

01.45 S0 .01 3%

0,15 TTEDA19

M0 100 X 150 0.3 516k, 345
0.45 3434419

0.5 1392114

100 X M0 0.1 10016.19

0.45 GTO2 45

0.15 4643469

100 X 75 0.3 3208590

0,45 5791644

0.15 5571.443

LLE 100 3 150 K] 6167214
01,45 4401 905

0.15 1608 T

100 X 300 (%] 1196952

0.45 BO31.691

0.15 £410.337

100} X 75 0.3 J991.962

0.45 GiT 9269

015 9974 348

M 100 X 150 0.3 TO46,427
0.45 4737552

015 19274.71

100 X 300 (%] 1479895

0,45 WA0A,139
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Figure 410,

. Fracture Toughness Vs notch-depth ratio (M20 Concrete)
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Fracture Toughness Ve notch-depth mtie (M350 Conerete)
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Figure 44. Fracture Toughness Vs notch-depth ratio (Mb0 Concrete)
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Figure 45, Fracture Toughness Vs notch-depth ratio (M70 Concrete)

V1. CONCLUSIONS

The fracture behavior of the notched plain concrete
beams of different sizes and notch depth ratios for different
grades of concrete has been amalyzed based on the
modelling of beams in ANSYS. The variation of fracture
parameters has been studied and presented below.

1. In a particular size of the beam and for a particular notch
depth ratio, the fracture energy and fracture toughness are
observed o be increasing with the increase in the grade of
the concrete. This 15 due to the increase in the depth of
uncracked ligament which has enhanced the load resisting
capacity. Hence, the fracture emergy of the larger depth
beams. Same trend was observed with the increase in the
notch depth ratios.

2. In a particular grade of concrete and for a particular size
of the beam, the fracture energy and fracture toughness are
ohserved to be decreasing with increase in the notch depth
ratios. This is due o the decrease in the depth of uneracked
ligament. Same trend was observed with the increase in the
size of the beams.

3. When the grade of concrete and the size of the beam is
constant, then the peak load and the deflection were found
to be decreasing with the increase in the notch depth ratios.
This is due to the increase in the brittleness of the member.
In other words, the increase in the crack length in a member
makes it to behave in a brittle manner,

4. In a particular size of the beam and for a particular notch
depth ratio, the stress intensity factor is observed to be
increasing with the increase in the grade of the concrete.
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This is due to the increased load resisting capacity of the
beam with the increase in the grade of concrete.

5. In a particular size of the beam and for a particular notch
depth ratio, the peak deflection value is observed to be
increasing with the increase in the grade of the concrete,
This is due to the incressed load resisting capacity of the
beam with the increase in the grade of concrete,

6. Increase in the notch ratio (a/D) increases the brittleness
of the member. In other words, increase in crack length in a
structure pushes the structure to behave in a brittle manner.

7. It indicates that the increase in noich depth rafio
decreases the fracture energy. In other words, increase in
crack length of & structure requires less fracture energy for
extending the crack. A decrease in fracture energy for
crack extension indicates the brittleness of the structure.
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Abstraci: In the last two decades there is significant growth in
solar power due to the developments in photovaeltaic (PY) and
power  semi conductor  lechnologies. Traditionally  a
photovaltaic system consists of either a line frequency
transformer on ac side or a high frequency transformer on de
side to provide galvanic isolation between PV pancls and grid.
By removing transformer from PV system, the size of the
system can be reduced significantly and efficiency can be
improved. However, with the presence of parasitic capacitance
between PY oand ground, a variable common mode voltage
appears in the system. This results in increase of leakage
current and distortion in grid current. This paper presents a
study on various inverter topologies that are wsed in
harvesting the salar power, Further, a simulation study is
carried out on a single phase H4 topology to assess the
performance using  bipolar and unipelar pulse  widih
modulation (PWM)  technigues. The simulation study is
carried out in MATLAB SIMULINK amd resulis are
presented.

Key words: Transformerless Inverter, parasitic capacitance,
Variable commwon mode voltage, leakage current, Bipolar
PWM and Unipolar PWM.

L INTRODUCTION

Renewable energy, especially solar energy  became
popular in the last two decades due to shortage of fossil
fuels and environmental concerns. On the other hand. it is
also due to significant advances in photo voltaic conversion
technology and reduction in cost-per-watt on a large scale
production.  Solar power has grown consistently by 20 to
5% per annum over the last two decades. Various types of
power electronic topologies are developed in literature o
pump solar power into the grd [2].

Grid connected PV inverters are mainly classified into
four types: (1) Central Inverter (i) String Inverter (iii)
Module integrated Inverter or Micro Inverter (ivd Multi
String Inerter [2].

Central Inverter: Central inverter is used for large power
plants [3]. PV modules are arranged in parallel stings
and connected to a central inverter shown in Fig.1. Initially,
line commutated thyristor based inverters were used in the
topology, However, [GBT devices replaced thyristors
gradually due to high efficiency and low cost [5], This
topology has following dis advantages :

# High voltage DC cables are needed between PV pancls

and inverter

* Power loss increases due to common MPPT
Power loss doe to module mismatch
# Losses in string diodes
Less reliability due to single inverter

I I 1
" " ™
| | I
ol L Py
1 1
P P Y
S S
o
e

| | AT BLE

Figure 1, Central Inverter

String Inverter: String inverters are developed in 1995,
The PV panels are connected in series to form arrays. Each
array is connected o a separate inverter as shown in Fig, 2,
If the string voltage is sofficiently high, there s no
necessity to boost the voltage, Otherwise, a DC-DC
converter or a4 ling frequency transformer is reguired o
hoost the owtput wvoltage, This additional component
decreases the efficiency.

Module Integrated Inverter: In this topology, each
PVmodule connected to a separate inverter which is
connectedio the grid as shown in Fig.3 [2]. This kind of
connectionensures maximum power from PY modules due
o individual Maximum Power Point Tracking,

= = 1
Py ry
I I 7
F Py 4
| | !
Y L m
1
I, be
It{-
WO BUS

Figure 2. Siring Inverter

Due 1o its modular structure further expansion of the plamt
i ensier [2]. The topology has drawbacks (1) Reduction in
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overall efficiency due to higher voltage amplification (i}
Higher capital cost.

[Ley —2Ac

pY —XAC
[Lev |—D AC
[Lev |—” AC

AC BUS

Figure 3. Module mtegruted inverter

Multi String Inverter: This inverter is developed in 20035,
It combines the advantages of string inverters and module
inverters, Each String 15 made of several solar pancls 1s
coupled to its own DC-DC converter with individual MPPT
and feed energy to common de to ac inverter shown in Fig.
4 |2]. The advantages of the topology are low cost
flexibility and high energy [14].
[ 1

— —
FY FY r
1 | FT"‘
v Py
I 1 F,‘L
Py ry [
I |
[ [iT#
(L] [ |'_|':
1 ]
i
AC
| l AC BUS

Figure 4. Muliz StAng Inverter
IL GRID CONNECTED INVERTERS

The DC voltage generated from PV panels has to be
converted into AC voltage of required magnitude and
frequency. A typical PV system consists of PV panels, DC-
DC converter, DC-AC converter and a line frequency
transformer on AC side or high frequency transformer on
DC side. A PV topology using transformer on DC side 1s
shown in Fig. 5 and PV topology using a transformer on ac
side is shown in Fig. 6.

In high power applications, the PV systems are including a
transformer to provide galvanic isolation between PV
panels and the grid. This helps in reducing the common
made leakage currents and also provides safety [14].

J_
W }[ Filer @‘f I'}
PANEL T L

Translurmer Phircris

]

=

Figure 5. PY inverier topology wsing high frequency transformer on de
side of the converter.

| Filer ]{ @ ;
L“FWWGL

Transfommer

Py PANEL

Comverter

Figure 6. PY inventer wopology using low frequency transformer on ac
output side of the mverter

In low power domestic applications, transformer
occupies large space and also reduces the efficiency of the
PV system, By removing the transformer, the size of the PV
system can be redoced and the efficiency can be improved.
A PV transformerless topology is shown in Fig, 7.

6
r ot
ke o @ [
= FPI
[ :
0 Comrtr

Figure 7. PV inverter wopology without using Transformer

Since there is no transformer, the issues like
galvanic isolation and variable common mode voltage are
arisen. A variable common mode voltage results in leakage
current that flows through parasitic capacitances from PV
panels o the ground. This resulis in the increase of svstem
loszes, reduction in quality of the grid current [2].

I Low POWER GRID CONNECTED INVERTER
TOPOLOGIES

In low power applications, the PV system consists
of PV panels, DC-DC converter and DC-AC inverter. In
single phase applications, a full bridge inverter (H4
topology) shown in Fig. 8. can be used. The power semi
conductor  devices, IGBTs (Insulated Gate Bipolar
Transistor) can bhe controlled uwsing following  two
modulation techniques: (i) Bipolar PWM (i) Unipolar
PWM.
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Figure 8, Full Bridge H4 Inverter Topology
A Bipolar PWM Technigue

In this technique, gate signals are generated by comparing a

reference sinusoidal signal V. with a high frequency

triangular  waveform, V.. as shown in Fig. 9.

WhenV ... =V the switches T1 and T4 are on and

LAFFIEF 7

T2 T3 are off. When V. <V__ . T2 T3 are on and
TI1, T4 are off. When T1, T4 are on the output voltage,
v,=+Vy. When T2, T3 are on the ouiput voliage, v,=-V.
The output voltage oscillates between +Vy. and -V, This
results in more ripple in the owtput current which leads o
more power loss,
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Figure 9. Bipolar Pulse Widith Modulation

T

W2 Vud
=

A Unipolar FWM Technigue

In this technigue. the two legs of the inverter are
controlled separately by using two reference sinusoidal

signals, V. V., which are in phase opposition as

shown in Fig. 10. When ¥V >V T1 is on and T2
Tl is off and T2 is on.

LAFFIEF
is off When V <V

crrral] varrier
When V. _.>V

carrier

T3 is on and T4 is off. When

V. otz < Vier T3 off and T4 on. When T1,T4 are on

=+ V. when T2, T3 are on v,=-V;. When T1, T3/ T2, T4
are on v,={ The output voltage oscillates between +Vy, 0
and —V;. As there are three levels in the output voltage, the
ripple in the load current is less and efficiency is more
compared 1o bipolar PWM technigue, However, this results
in variaghle common mode voltage. To overcome this
various topologies are presented in literature.
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Figure 10, Unipolar Pulse Width modulation

C) H3 Topology

This topology is obtained by adding an extra switch T3
to the H4 topology. HS inverter topology is modified form
of H4 full bridge inverter by adding an extra switch TS as
shown in Fig.11. [9]. Switches T1, T3 are operated at grid
frequency and switches T2, T4 are operated at switching
frequency [10].

During positive half cvele T35, T4 are switched
simultancously at hagh frequency and T4 continuously is
on. During freewheeling period T3 is off and the Current
flows through T1 and anti parallel diode off .

E

TS
T
[

FANEN T

i

&

On the other hand, during, during negative hall eycle
T2, T5 are triggered at high frequency simultaneously
where as T3 triggered continuously, Carrent flows through
T35, T3 and T2. During negative zero voltage vector T35 is

Figure 11. H5 Inverter Topology
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turned off and current freewheels through T3 and anti
parallel diode of T1 [7].

This topology has following disadvantages: (i) High
conduction losses, as three switches are on simultaneously,
(ii) Reactive power control is not possible using HS
topology,

D) H6 Topology

This topology s obtained by adding two additional
swilches T5 , T6 and diodes D5 , D6 as shown in Fig. 12,
Durning positive half cycle, T1, T4 are on continuouesly, T3,
Tt commutated simultancously at high frequency where as
T2, T3 commutate together in complement to TS T6 pair,
Hence current flows through TS5, T1, T4 and T6, during
positive zero voltage vectors. H inverter topology provides
a three leveled outpur |7]. H6 wopology provides constant
common mode voltage thus generates very small leakage
current, Hence high efficiency can be obtained,
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Figure 12. H6 Inverter Topology
El Heric Topalogy

Highly Efficient Rehable Inverter (HERIC) is obtained
from H4 topology by adding additional switches as shown
in Fig. 13. This one of the most popular transformerless
inverter topology [6]. When upper switch T1 or T3 is on,
voltage cutput will be +V;. . when T2 or T4 is on results an
output of zero. During positive half wave, T6 is turned on
and is used in freewheeling period of T1,T4. During zero
voltage vector, T1, T4 or T2, T3 are in off state. PV is
disconnected from grid by short circuiting the ac side of the
mverter 50 that this topology i predominantly  ac
decoupling topalogy [13].
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Figure 13, HERIC Inverter Topology
IV. SIMULATION RESULTS
The H4 topology shown in Fig.3 is simulated with
bipolar and Unipolar PWM  technigues in MATLAB

SIMULINEKE. The simulation parameters are given in Table
1.

Table I:
Simulation Parameters

DC Voltage SO0V
Modulation index 0.8
Fundamental frequency SH=
Carrier frequency 2.4kHz
Load resistance 1042
Load inductance 10 mH

The simulation results using bipolar PWM technigues are
shown in Figs. 14-16.

Fig. 14. shows output voliage. From the figure, it can be
seen that the output voltage oscillates between +500V and -
500V as discussed section [T1 The FFT of output voltage 1s
shown in Fig.15, From the figure , it can be seen that the
output voltage has a fundamental component of 401V (V.
x modulation index). Moreover, it can be seen that the
harmonics appear around multiples of switching frequency,
2.4 kHz. The output current 15 shown in Fig.16. From the
current waveform it can be seen that there is significant
ripple in the load current.

The simulation results using Unipolar PWM are shown
in Figs, 17-19. The output voltage has three voltage levels,
#3500, 0 and -500% as shown in Fig.17. From the FFT
result, Fig. it can be seen that the output voltage has a
fundamental component of 400,53V . Further it can be seen
that the harmonics appear at douwble the switching
frequency in Fig. 18, From the current waveform shown in
Fig.19. , it can be observed that the ripple is very less
compared (o that of bipolar PWM. On the other
hand, during negative half cycle T2, TS are triggered at
high frequency simultancously where as T3 trigeered
continuously.
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Figure 14: Cutput Voltage of H4 Full Bndge using Bipolar PWM of
inverier topology.
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Figure 17: Outpit Voliage of H4 Full Bridge using unipolar PWM of
inverter topodogy.
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Figure 18, FFT analysis of Ouipat vollage using unipolar PWM

Tt is evident that, from the Fig.16 and Fig.17. the ripple
using hipolar PWM is more when compared o the ripple
wsing unipolar PWM. Thus Unipolar PWM considered as
efficient in terms of ripple component and efficiency,
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Figure 19, Output Current of H4 bridge inverter using Unipolar PWM

V. CONCLUSIONS

The solar power gained significant momentum in the last
two decades due to advances in PV panel and power semi
conductor  technologies,  This  paper  studies  various
topologies used in photovoltaic systems, The work aims at
transformerless  topologics  for  low  power  domestic
applications, Various popular topologies are discusscd in
detail. The H4 topology is simulated using bipelar and
Unipolar PWM techniques. From the simulation results it is
concluded that Unipolar PWM technique results in (i) Less
ripple in the load current. (i) Better Total harmonic
distortion compared to bipolar PWM technigue.
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Abstraci: A Distributed generation (M) svstem with Micro
grid{ M) powered by the renewable energy sources like solar,
wind and fwel cells along with the battery is under study. The
profile of the power consumed from the grid and the power
delivered back to the grid is found. The load forecasting data
is considered by the Microgrid system simulation with
industry amd domestic loads and it is observed that the load
demand is met efficiently with the available energy resources
and some part of the energy is fed back (o the grid as well.
Also, the voltage al the PCC is observed with different loads
such as domestic loads and industry loads.

Index Terms—Distributed Generation, Microgrid, Fuoel Cell,
Wind Energy, Solar Energy, load forecasting

L. INTRODUCTION

Today, the local energy generation is very prominent for
the sustainability of energy for future. Distributed
generation system refers to the energy generated at the
consumer point. A microgrid along with the distributed
generation system can be used as a backup for the grid in
case of emergencies like grid outages, A microgrid system
gives scope for greener energies and also has advantages of
providing flexible electricity, Therefore, with the microgrid
systems, the consumers become more energy independent
and environment-friendly.
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Figure 1, Schematic of o Micrognd with wtlity Interconnection

A microgrid is powered by renewable resources like
wind energy, solar energy, fuel cell and the backup diesel
generators, batteries. [1] The microgrid infrastructure
provides the platform for efliciency improvement and
enhanced energy consumption within a small area. Power
generation  happening  at  the load end redoces  the
transmission  losses, Also, the distribution system s
comparatively less complex in construction. The load is

considered uncontrolled in most of the situations, and hence
the required amount of power must be generated
dynamically. With the conventional power plants, there are
primary and secondary load control mechanisms, However,
the scenario is different here and unconventional control of
the source must be considered. The sources considered here
are Solar Photovoltaic, Fuel-cell, and power from wind
energy. Out of these, the solar and wind power generated is
purely dependent on the solar insolation levels, and wind
power output depends on the wind speed available. Fuel
cell power output is controllable as the hvdrogen and
oxygen inputs are controlled at the infet value. Normally
combined heat and power 18 considered as a source but for
Indian conditions, heat is not available naturally in a large
scale. So it is not considered in the simulation. It is
observed that efficiently managing the resources could save
the operating cost of the system and hence more profits can
be obtained. The coordination of the supply from different
sources increases the overall efficiency of the system. Itis a
recommended practice to also have the power supply
connection from the grid. This helps in meeting the load
demand with the generation possible at the load end with
the renewable energy sources and the balance load demand
is met by the grid. Whenever the load is completely met by
the generation from these renewable energy sources and
there is excess power available, it is required to feed the
excess power back to the grid. The power exchange can be
measured to observe whether the power is taken from the
grid or the power is fed back to the grid. This is called Net-
Metering. [2]

Considering the operation of the microgrid, traditionally
there are two modes, Mode 1; The Microgrid is connected
te the main grid so that the power can be either consumed
or delivered back to the grid. (Grid Connected Mode
(GCM)) [3]. Mode 2: The Micro prid is disconnected with
the grid during the emergencies and has the capability to
run the local loads. (Islanded Mode) [4]. A typical
Microgrid System with utility connection is shown in figure
I

It 15 also required to control the microgrid in the 1slanded
and grid-connected modes [4], [5]. A study is done on the
energy management in the microgrid, in grid-connected
mode and its effectiveness is discussed.

The contents of the paper are as follows. The first section
gives the introduction to the problem addressed. The
objectives are discussed in the secomd section, The
methadology used for the analysis 15 explained in the third
section. The resulis and discussions are in the fourth section
followed by conclusions.

CWVR College of Engincering

ol
L



ISSN 2277 - 3916

CVR Journal of Seience and Technology, Volume 11, December 2016

Il. ORIECTIVES

This study is meant to understand the power exchange at
the point of common coupling and role of net-metering
when different types of loads are connected to the system,
A Microgrid is the next generation system architecture, So,
the loads and sources are modeled and connected to the
system to form a microgrid. As the loads are consuming
power, if there is not enough power generation available,
the voltage at the point-of-common-coupling would drop.
Load shedding may be considered as an option, but the
reliability indices will go down and this is not accepted by
the consumer as promised power quality has to be supplicd.
There may also be a penalty for power-not-supplied. Hence
power has to be supplicd from some source to assist the
internal power generation. For this purpose, power is
bought from the grid. The grid also welcomes power to be
supplied to it when the voltage and frequency requirements
according to the IEEE standards are met,

Another objective 15 o study how the single phase loads
comnected 1o the three phase supplies are effecting the
voltage profile at the bus. This is considercd important as
uneven voltages in the three phase at the point-of-common-
coupling will result in the flow of neutral-currents for
which the system is not designed for. Here, household load
is assumed to be connected to Phase-a, the small-scale
industrial load is connected to Phase-b and a three-phase
heavy industrial load 15 connected to all the phases so that
the power drawn from phase-a is comparatively less than
that of Phase-b while Phase-c supplving the least. The
scenario would be different when power is fed back to the
grid from the loads and is to be analvzed.

1. METHODOLOGY

The Microgrid system at the distribution side is taken
into consideration. It is powered up by solar, wind, fuel cell
and UPS. The micro grid system is connected to different
tvpes of loads like domestic load, industry Ioad {connected
to single phase) and Heavy Industry load (connected to
three  phase). This type of system 15 taken  into
consideration. Distributed generation svstem refers to the
energy generated at the consumer point. At every point
based on the load forecasting the generation- demand
balance is met from the local generation and the grid.

At each load end, there are differemt types of power
generators installed and connected 1o the load, Solar, fuel
cell and wind powers along with a battery are considered to
be generating power all day. Whenever there 15 cnough
power generation, there is no power drawn from the grid, If
excessive power generation is available, power is supplied
to the grid.

The data is taken from a .dat format file which is given
in the Appendix and respective column data is extracted.
This is now analyzed and computed for the grid power
consumed and the grid power supplied. This is traditionally
called day-ahead power exchange prediction based on the
forecasted load and generation availability. Energy
management can also be implemented at this stage for
optimized profitability but is considered to be beyond the

scope of the paper. The methodology used is shown in
figure 2.

*Read Power generated from Solar, fuelcall,
battery and wind at each load-point

*Read Load demand ot each load-point

* Compute the difference between load
demand and generation at the load-point
*if Load = Generation, Draw power from the
grid
sif Load = generation, Supply power to the Eﬂtf

Figure 2. Methodology used to compute grid power exchange

At each load point, the power drawn from the grid is
assumed ta be supplying the excessive load and hence the
current and voltage associated with that load is observed,
This power drawn is estimated by distributing the power
among the split-phase load as 8, and S; (virtual, represented
as a current source connected in anti-parallel. The wotal
power is randomly distributed. The relation between
powers in the split phases is shown as;

S _1=S*random [0 1] (1
§ 2=8*(1-random [0 1]) (2

The current in each phase is computed as follows.
The relation between power assuming the reactive power
(Q=0). Therefore, the apparent power is given by

S = SV 5hrms i By >0 (3)
F§=10 otherwise

Where V.. and [, are the RMS voltage and current at the
load point.

So, from equation 3, the current expression can be derived
as:

The power that is drawn or supplied to the grid are to be
managed in a way not to affect the voltage profile at the
bus. The other things considered during the simulation are
a) Mect the load demand by maintaining voltage and
frequency within the limits,

b) Understand the bencfits of adding a surplus power
generation.

¢} Analyze the power market situations, provide custom
components to control the load to be operated during
maximum internal power generation at the load center.

d) Setting vup communication inteérfaces between load and
control center,

¢} Study of the ¢ffect of addition of load on the system on a
phase,

The lead data and the data of generation available at the
load end is assumed to be known by forecasting techniques.
The power that has to be exchanged from the grid is pre-
calculated so that the benefits can be analyzed. The street-
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lishting and other auxiliary loads are assumed to be
constant and are included as a RL model. There is no
reserve considered in this model and can be the future
enhancement of the paper.

IV, SIMULATION, RESULTS AND DNSCUSSION

A, MATLAB based simulation

A Distributed generation system with solar, wind fuel
cell and the batteries] 1] connected to a microgrid is
simulated in the MATLAB-Simulink environment,

Figure 3, MATLAR-SIMULINE Model

The developed micro grid system can be simulated for
the required time, i.e. the load forecasting can be done for
6,12, 18,24 hrs. as per requirement to understand the voltage
Muctuations and power exchange between the wility grid
and microgrid.

The MATLAB-Simulink model is as shown in the figure
3. This system includes a three phase grid supply, a small
transmission line and loads connected at PCC. The micro
grid system is modeled with different types of load like
domestic load, small scale industry loads and heavy
industry load, modelled as a current source, connected in
anti-parallel, as if drawing the amount of load current from
the grid.

Further industry and house are modeled as shown in the
figure 4. Each house load or industry load is further divided
number of loads. A sample Industry load is shown in the
figure 4.

Figure 4, Small Scale Industry/House Maodel
A domestic load is modeled with 5 different house loads.
A small-scale industry s modeled with five different

industries. Both the above loads are simulated as a single-
phase loading. A heavy industry load is modeled which is a
3-Ph load. Analysis on the model is done for three different
CARES.

Case A; All the connected loads in the MG svstem are
assumed to be domestic loads, In that case, the voltage
fluctuations and power exchange at the PCC are as shown
in the figure 5 & 6 respectively,

Case B: In this case, along with the domestic loads, small-
scale industry load is added. In that case, the voltage
fluctuations and power exchange at the PCC are as shown
in figure 7 & & respectively,

Case C: In this case, along with the domestic load, small-
scale industry load, heavy industry load is also added. In
that case, the voltage fluctuations and power exchange at
the PCC are as shown in figure 9 & 10 respectively.

B. Resuits

The results for the three different cases simulated are
shown in the following figures, It is to be noted that all the
figure's x-axis corresponds to a 2dhr horizon, sampled at
each minute,

" 1 Nlﬁ 'T E
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Figure &, Power Exchonge at POC
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Figure 10. Power Exchange at PCC

The domestic load is further considered as five
independent house loads and the power met by the load is
shown in Fig 11, The domestic load for a sample load is
shown as a solid line. The solar power generated during the
day time is shown as a dotted line.

Figure 11. Power met by domestic load

The small-scale industry load is also considered as five industries
und power met by the load is shown in Fig 12, The industry load
for a sample load is shown as a solid line. The solar power
generated during the day time is shown as a dotted line.
Whenever the power generated exceeds the demand the power is
fed back 1o the grid as shown in the negative region.

>
g

Figure 9. Voltnge Profile at PCC

’ LR
Figure 12, Power met by small-scale indusiry boad
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The power met by the heavy industry load 15 shown in Fig 13,
This iz also similar to the industry load discussed above,

Tesw il

Figure 13, Power met by Heavy industry looad

C. Discussion

It can be observed that always there is a power exchange
between the utility grid and micro-grnd. Whenever the load
demand is not met by the local generation, the utility
supplies the required power, Whenever there is an excess
power in the micro grid it is sent back to the utility grid.

The rated voltage at the PCC is 12.47 kV. Whenever
there is a power exchange happening from the grid. the
voltage tends to change. In figure 4, the voltage variation
can be observed to be deviating from 99.98% to 100.03%
of the rated value. This is well between the allowable
deviation of & 10%. It can also be observed that the voltage
is mot different in different phases. The power exchange at
the PCC can be analyzed from figure 5. It is obvious from
the graph that most of the time, the wcrognd is producing
power not only enough for the local loads, there is a surplus
of power available. So, the measured power shows negative
values, indicating the flow from microgrid to the grid.
There is a maximum feeding to the grid during noon time,
due (0 the maximem power generation from  Solar
Photovoltaics,

The second case considered is the influence of the
presence of a small-scale industrial load in the system, at a
phase. Now this should cause unbalance in the system
voltage, as different loads are connected on different
phases. This can be observed in figure 6. Two household
loads connected to two phases have similar voltage profile,
while the third phase has a voltage which is fluctuating
because of the guantity of load. It 1s again observed that the
deviation is between 99.98% w 100.08%, which is much
less than the allowable £ 10%.

The second observation is that the voltage flectuations at
the PCC are different in three cases. It can be observed that
when the industry load is introduced along with domestic
load at phase ¢, the fluctuations are more in that phase.
When the heavy industry load is introduced, all the phases
are disturbed showing high voltage and current fluctuations.
The power exchange is again predominantly happening
from the microgrid to the grid. Two conclusions can be
made from figure 7. Firstly, there is always a scope for

adding additional load in the microgrid area and see that the
power exchange is close to zero but in the negative region.
Secondly, load can be scheduled to be connected to the
microgrid during noon time. This can reduce the peak value
in the graph to look flat, so that the power quality at the
PCC is imprivved,

As mentioned I case 3, figure 8 shows the voltage
fluctuation, where the voltage deviation is found to be
predominant in all the three phases. The deviation is
happening between 91.42 to 104.25% of the rated. This is
again within the standards. The voltage profile seems to
now shift from the negative to the positive region, Le.,
power is now drawn from the grid predominantly. During
might time, there is much fuctuation in the power fow,

All the load demands are met by the energy sources
available at the microgrid as well as the utility grid in all
the three cases. The individual load profile shown in figure
10 and figure 11 shows that whatever is the load demand,
that power is supplied after considering the available
sources of fuel cell, solar, wind and battery power. The
loads at household and industry are chosen in a way to see
that there is always a load present and distributed among
the 24hr horizon, The power coming from solar can be
precisely found here, These are assumed to be rooftop solar
photovoltaics installed. The fluctuation in the load is
considered to check the stability of the system under such
conditions and it is found that the sum of generation plus
the grid power exchange is capable of supplying
uninterrupted power to the load. This is desirable so as to
maintain power guality at the load end.

V. CONCLUSIONS

In the paper, the Micro-grid system that connects the
household loads and variows industry loads is studied, The
total load demand is met from the energy generated from
rencwable energy sources like solar, wind and fuel cells, the
UPS system and the grid. The power consumed and the
power fed back to the grid in a day is analyzed and found to
be well within the standards. It is seen that the energy is fed
back to the grid whenever the generated energy at the load
side exceeds the demand. Also, the voltage fluctuations at
PCC are observed for various load conditions.
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APPENDIX

Time | Use Gen Grid Solar Fuel UPs

ihes) | [KW] | [kW] (kW] [EW] Cell[KW] [KW]
000 | 646 0.00 446 000 1.00 1.00
100 | 639 0.00 4.39 000 100 1.00
200 | 456 0.0} 1.56 000 1.00 100
300 | 241 000 0.41 000 100 1.00
400 | 244 0.0 044 YL 1.00 100
500 | 241 .04 041 [T 100 1.00
600 | 242 1104 0.42 0,00 100 100
T 252 ] 1,52 [{TEH] 1.4 1AM
500 242 [0,20) 0.23 [ 100 1401
900 | 306 1.3 .16 1.3 1.0 1)
1000 | 280 230 -1.40 ] 1.00 100
100 | 265 3.17 -1.52 ENE 100 1.00
1zon | 230 380 -3.51 EN] LoD 1.00
1300 | 691 4.20 0.70 420 100 1.00
1400 | 731 438 0.4 438 1.00 100
1500 | 342 433 -2.E0 412 1.00 100
1600 | 29 368 277 368 LO0 L
17.00 | 277 285 =208 2E5 100 1M1
18.00 | 727 .57 1,70 1.57 1000 1iH
1900 | 282 0.4% 0.33 (49 1000 100
M | 6550 .08 456 [N 1.0 1.00
1L00 | 790 0.0 500 (L0 100 100
200 | 186 0.0 586 000 100 1.00
2300 | 662 0.0 4.63 000 1.00 100
400 [ 651 000 4.51 000 1.00 100
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Abstraci: The growing elecirical energy demand in developing
countries like India has triggered the scientists and engineers
to think of mew and innovative methods in the field of
renewable energy sources especislly solar emergy. Grid
connected PV systems have become the best alternative to
bulk electrical power consumers like induostries and other
institutions. In this paper ZR0kWp Photovoltaic CGrid
Connected Power Planl commissioned al CVR College of
Engineering is taken for research study. This Plant uses three
different mechanisms to trap the Solar energy from the Sun,
namely Seasonal tilting, Single axis tracking and Single axis
Polar tracking, The iwelve months of a year is segmented into
two time frames viz. from September to March and other
from April to Aupust. In one time frame Single Axis Polar
Tracking Power Plant is giving better performance whereas in
other time frame Single axis tracking Power Plant is giving
better output. Further research and investigation has to be
done on these results to predict the performance of the plants
in these two time Feames and exact reasons for these owlputs,

Index Terms— Grid Connected Solar Power Plant, Polar
Tracking, Single Axis Tracking, Solar Radiation, Seasonal
Tilt.

L. INTRODUCTION

Increasing electrical energy demand and high cost fossil
fuels, global warming and environmental issues increase
the importance of the wse of clean and renewable energy
sources, There are many types of natwrally available
sources of energy which can be replenished over a period of
time, Solar energy, wind energy and biomass energy are
few to mention as examples. All these renewable sources of
energy have the capability of converting the naturally
available sources of energy into electrical Energy [1].

Today's daily Electrical energy needs, cost of fossil fuels
and effect of greenhouse gases on environment forces the
industrial and other institutions o seek for new ways o
generate their own electrical demand using renewable
energy.

India has an abundance of solar radiation, with the
peninsula receiving more than 300 sunny days as an
average in a year. Due to its proximity to the equator, India
receives abundant sunlight throughout the vear [2).  For
countries like India, Solar energy became the best
alternative and viable renewable energy to fulfill the
electrical energy requirements of majority of the people
living in both whan and rural areas for varety of
applications.

The most familiar wav to generate electricity from
solar energy is to use photovoltaic cells, which are made up
of silicon that converts the solar energy falling on them
directlv into electrical energy. This is a direct energy
conversion which involves photo-electric effect. Large
scale applications of photovoltaic for power generation,
gither on the rooftops of houses or in large Gelds connected
to provide clean, safe and strategically sound alternatives
for production of clectrical power generation [3].

Solar PV solution has the potential to transform the
lives of many people, who rely on highly subsidized
kerosene oil and other fossil fuels, primarily to light up
their homes. Renewable energy source 15 a practical
solution to address the persistent demand supply gap in the
power industry.

I1. TyPEs OF PHOTO VOLTAIC SYSTEM
On the basis of working operation, PV systems can
operate in four basic forms [4],

A. Grid Connected PV Svstems

Figure 1. Block diagram of Grid connected PV Plant with net metening

The “Fig. 1.” shows the block diagram of Grid connected
PV plant with net metering. These systems are connected to
a broader electrical network called Grid. The PV System is
connected to the wiility grid vsing a high guality sine wave
mverters, which converts DC power generated from the
solar armay into AC power, During the day, the solar
clectricity  generated by the system  is  cither used
immediately for local loads or export to electricity supply
companies. [n the evening, when the PV System is unable to
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generate electrical power, electricity can be imported from
the grid [5].

B. Standalone Systems

The “Fig. 2, shows the block diagram of standalone PV
system. PV systems not connected to the electric wility grid
are known as OFf Grid PV Svstems and also called stand-
alone systems. Direct systems uwse the PV power
immediately as it is produced, while battery storage systems
can store energy to be used at a later time, either at night or
during cloudy weather. These systems are used in isolation
of electrical grid, and maybe used to power local loads.

Figure 2. Block diagram of standalone PV system

C. Hvbrid Svstem

The “Fig. 3." shows the block diagram of Hybrid PV
systern. A hybrid system combines PV with other forms of
power generation, usually a diesel generator. Bio gas is also
used. The other form of power generation is usually a type
which is able to modulate power owiput as a function of
demand. However, more than one form of renewable energy
may be used e Wind and Solar, The Photo Woltaic Power
generation serves to reduce the consumption of fossil fuel,

Figure 3. Block diagram of Hybrad PV System

0. Grid Tied with Battery Backup PV system

The “Fig. 4.” shows the block diagram of Grid tied with
Batlery Backup PV system. Solar energy stored in batleries
can be wsed at night time, Using net metering, un wsed solar
power can be sold back to the grid. With this system
consumer will have power even if grid fails [6].

TEFICAL Py ORI TIE EVETEM T RATTRRY Rl

.
BT
o i o e =

Figure 4, Block dimgram of Grid tied with Battery Backup PY System

IT1. SiTE DETAILS

The grid connected solar power plant under this research
study is located on roof top of CVR College of
Engineering. This college is located in  wvastunagar,
Mangalpalli village, which comes umder Ibrahimpatnam
district located in Telangana state in India.

Climate data location
Location: Hyderabad
Latitnde: 17.45 "M
Longitude: 78.47 °E
Elevation: 34300 m

Project location
Location: Hyderabad
Latitude: 17.20 "N
Longitude: T8.60 °E
Elevation: 54500 m

The solar radiation data of project location 15 not available
at exact project location. So the solar radiation data and
other chimate conditions at project location are assumed to
be the same that is available at the nearcst climate data
location given by NASA [7]. Climate data of the location
as per information provided by NASA are tabulated in
Table I below.

TABLE L

MONTH WISE AVERAGE GLOBAL HORIZONTAL BADIATION, AMBIENT
TEMPERATURE, GLOBAL INCIDENT [N COLL.PLANE AND EFFECTIVE
GLOBAL RATHATION

Month [i-labl-[n:' T ::;mh (ilabnlnf GlnthE

EWh'/m C EWh/m EWh'/m
January [ 1584|2300 [ 199.1 | 1943
February 164.6 25,70 193.5 88,7
Maich 30 249.110 2184 212.6
April 202.3 31.40 1968 190.5
Mayv 206.1 32,60 187.7 | 809
June 161.2 29.20 1439 I138.3
July 13.0 .80 126.0 121.2
| August 146.4 25.70 138.6 133.6
September | 162.6 26.10 167.1 1618
October 16,6 25,50 186.1 181.0
Movember | 152.6 24.00 187.5 182.8
| December | 154.0 22.10 198.8 194, 1

Year 2017.8 26,77 21433 2079.6
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IV. PLANT DESCRIPTION

The Grid connected solar power plant located on Roof
top of CVR College of engineering has total installed
capacity of 280kW,.This 2Z80kWp capacity solar power
plant 15 further decentralized into 5 sub plants for proper
operational and maintenance,

The Electrical Energy output of the Solar Power Plant is
directly proportional to amount of Solar radiation that solar
Array will receive at any point of time. More the amount of
solar energy received by the solar array, more the electrical
energy output. vice-versa.

S0 the new classification of Solar power planis based on
the way how the solar amay receives the solar energy from
the sun can be categorized into three types

(A} Seasonal TilvManual tilte

(B) Single- Axis Tracking

(C) Single- Axis Polar Tracking

The complete capacity of solar plant on each block of
CVR College of Engineering is tabulated in Table Il
including the dates on which each plant operation started to
their full capacity.

Out of 280kWp of installed capacity 1206Wp on rooftop
of EEE Block and 206Wp on rooftop of Library block
mikes use of Seasonal tilt mechanism.80 kWp on Main
block and 60kWp on CSE block uses tracking mechanism
to extract the Solar energy from the sun. Overall, 140 kWp
solar plant uses seasonal tilt mechanism and remaining 140
kWp solar plant uses tracking mechanism for electrical
power generation [8].

TABLE IL
DETAILS OF MAME OF SUB PLANTS, THEIR CAPACITIES AND DATE OF
COMMENCEMENT OF PLANT
Date of
MName of the Sub Plant  Installed Power Commencement
of Plant
CVR EEE Block | 12000 kWp 03-03-2014
Single Axis Tracking-MB | 40.00 kWp 18-01-2015
Library 2000 KW 23.02-2015
Polar Tracking -MEB 40,00 KW p 11-03-2015
CVER C8 Block 6000 kWp 22-10-2015

Overall Plant Capacity  280.00kWp B

A. Seasonal Tilt'Manual rilt

Placing the modules facing the south with some tilt with
respect to horizontal roof, on which panels are mounted. In
this method for every month we need to adjust the tilt of
solar modules. This is called seasonal tilting but changing
the position of solar panels every month is guite difficult,
we (ry o restrict the change the tilt of modules for every
eSO,

B. Single- Axix Tracking

In simgle axis trackers, a long horizontal tube is supported
on bearings mounted upon pylons or frames. The axis of the
tube is on a north=south line. Panels are mounted upon the
mbe, and the mbe will rotate on its axis to track the
apparent motion of the sun through the day.

In these methods panels are oriented in East-West direction.
The moment sun rises in the East solar panels automatically
face east direction' It will be horizontal when LST is 12:00
noon and will face the West in the evening. This method of
tracking the sun is called Single-Axis racking

C. Single- Axis Polar Tracking

In Single-Axis tracking, the modules are mounted flat at
(0 degrees with respect to horizontal. While in Single Axis
Polar Tracking the modules are installed at a certain tilt (10
degrees) with respect to horizontal axis. It works on same
principle as Single- Axis Tracking, keeping the axis of tube
horizontal in north—south line and rotates the solar modules
from the east to the west throughout the day, This method
of tracking is named as Single axis Polar tracking, These
trackers are usually suitable in high latitude locations

Main components of Grid connected PV Plant are [9]

L. Solar Panels/ Solar Modules/ Solar Array
2. String inverter

3. DC Cables

4. AC Cables

3, Junction Boxes

fi. Wet meter (hi-directional Meter)

Solar panels’ Modules/Array will collect the energy
from the sun in the form of solar radiation. this solar
radiation is converted into DO electrical energy by solar
Array. This DC Electrical energy is given as inpul © grid
interactive String inverters with the help of DC Cables.
These string inverters convert DC electrical Energy into AC
clectrical energy, The output AC electrical cnergy of
inverter will be sent to local junction box with the help of
AC Cables. From the junction box depending upon local
load requirement the AC power will be either pumped to
electrical grid or utilized for local energy requirements.
There will be a bi- directional emergy meter is installed at
incoming  transformer  from  the extermal grid [10].
Generated Solar Electric Power 15 synchronized at 11KV
bus, This Met meter increment the energy units when ever
local load requirement is more than AC electrical energy
output of Solar Plant and vice-versa,

The below “Fig. 5, shows the exact on site photograph
of 40-kWp Single axis tracking power plant commissioned
on Main block of CVR College of Engineering. It is evident
from photograph that Solar array at 930 AM. facing
towards the east.

~f

Figure 5. Single axis Tracking-Position of |h ar @30 .M

CWVR College of Engincering 43



ISSN 2277 - 3916

CVR Journal of Seience and Technology, Volume 11, December 2016

Similarly, “Fig. & and 7,” shows the position of solar
panels at 3:00 P.M and 12:30 P.M respectively. As
mentioned earlier Single axis wracking plant always follows
the position of the sun in the sky throughout the day to

collect the maximum energy from the sun.

Figure T. Single axis Tracking-Position of panels at 12:30 P50

The “Fig.%," shows the 3-D view of Single axis Polar
tracking power plant,

Solar Panels and string inverters are the heart of grid
connected solar power plant. Multi crystalline Solar panels
are used in the solar array. Each Solar panel has maximum
electrical output power of 250 Watt at 1000 W/5g.m Solar
radiation. Panels arc manufacturcd by Kolima Encrgy
Private Limited, Model Number of Solar pancl is KE-60-
M250, These Solar pancls have 25 wears’ manufacturcr
guarantee.
STRUCTURE WVEEW!

Figure &, 3-I} view of Single axis polar tracking plant

The inverters vsed in this power plant are 20-k'W Refusol
grid interactive string inverter. Model number is REFUsol
O0EK-020K. This is a three phase sine wave inverter as per
1P 63 standards with 98.2% maximum efficiency.

Y. RESULTS AND DISCUSSHONS

The details of energy output of each and every string
inverter and sub plant can be monitored onling by web
mierface AE Sifchnok [11], Total energy outputs of Single
axis tracking power plant are compared with Polar tracking
power plant from April'l 5 to October' 16,

The energy outputs of these two Power plants are
monitored in the above mentioned specified period and are
tabulated in Table 11. The “Fig. 9" shows the graphical
representation of energy outputs of single axis tracking
power plant with single axis Polar Tracking Power plant
over a monitored period April'ls to October'lé, After
observing the data, we can divide the time frame taken into
two slots, One is from April to September and another one
is from October to March

From the “Fig 9,7 and data from Table III, we can
conclude that during the period from April o August the
energy generated by Single axis tracking power plant is
maore than Single axis polar plant, Whereas from September
to March 1t 15 evident that output of Single Axis Polar
tracking power plant is more than Single axis tracking
plant.

Ag performance of both plants is varying between these
two time frames , one random date is chosen from each
time frame. May 22" 2016 is selected for first time frame
and October 14" 2016 is chosen for other time frame.

The “Fig, 10, 11 and 12, show the energy outputs of
each 20kW String Inverter which are connected to Single
axis Polar Plant, Single axis tracking Plant and Seasonal tilt
Power Plants respectively. From figures one can conclude
that on 14" October 2016 the performance of Single axis
Polar Plant is best among three types of Solar PY Power
Plants [12].

W g . Frihing
u Giaghe Aai Folas Troching

Figure 9, Energy outputs of single axis tracking power plant with single
axis Polar Tracking Power plant over a monitored period
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TABLE 1L

MONTH WISE ELECTRICAL ENERGY OUTPUTS OF TRACKING AND POLAR
TRACKING POWER PLANTS AND THEIR PERCENTAGE YARIATION

5:;‘::* Single Axis Net %
Month- year Trackin Palar Differe Perc!enl_ige
2 Tracking nee Variation
April'l 3 636230 6251 90 11040 1.74
Mav'l5 GTEL. A0 G650 205,50 436
June'l 5 4964, 30 Sediked | 31970 6,45
July'l 5 61EE,20 SUad T | 23350 361
| August'l$ S174.10 514920 24.90 048
September' 15 Sii61.90 510040 -319.50 -0.78
Oictober'13 3726.20 600550 | -279.30 488
MNovember'l 3 4TES,20 139 | -354.70 =741
Depember'| 5 S24K,00 5677.50 | -429.50 =K. 1%
January' 16 Sl4i.a0 533500 | -1R6AD -1.62
February'lo S6E1.80 G54 | 36360 -6.40
March™l6 6341.00 642510 -H4.10 -1.33
April'l6 G403,60 6222.50 TELID 243
Mav'l 6 514,000 Gl37.80 | ATT2D 574
June'lé 405620 458570 | 3TRED0 748
July'lé 441530 4106 | 32930 742
| August' 16 SI4E.60 SN0 145,60 243
Sepiember’ 16 3757.20 3724.50 3170 087
Oigtober'16 178,40 S505.9) | -227.50 -4,31

Similarly, the “Fig. 13.14 and 15, show the energy
outputs of each 20kW String Inverter which are connected
to Single axis tracking plant, Single axis Polar Plant and
Seasonal tilt Power Plants respectively. It is evident from
charts that on 22 May 2016, performance of Single axis
tracking plant is best among three types of Solar PY Power
Plants [12].

After comparing the outputs of Single axis tracking
Power Plant and Single axis Polar Plant, we can conclude
that from September to March Polar tracking Power Plant is
giving more output. Whereas from April to August Single
Axis tracking is giving more output [12].

| x| (0| @ 2
-
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Figure 10. Energy pencrated by Single Axis Polar tracking-20kW Siring
Inverter output on 14% October '16
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Figure 11, Energy generted by Single Axis Tracking-206W Siring
Imverter output on 14" Owctober ' 16
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Figure 12, Enengy generited by Seasonal 6t -20kW Stnng Inverler output
on 14" Detober '16
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Figure |3, Energy genersted by Single oxis tracking-20kW String Inverier
outpar on 22 May '16
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Figure 14. Energy gencrated by Single Axis Polar tracking-20k'W String
Inwerter autpul on b May 'l6
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Figure 15, Energy generated by Seasonal ult -20kW Strng Inverter output
on 22 My '16

V1. CoNCLUSIONS

In this paper, a 280kWp Grid Connected Photo Voltaie
Power Plant commissioned at CVR College of Engineering
is taken for research study, The electrical energy outputs of
different Solar PV Power Plants are studied and analveed,
The twelve months' time in an year is divided into two
time frames viz, From September to March and other from
April to August. A random date of 14" October 2016 is
chosen in first time slot. On this day Single Axis polar
tracking gives better performance among the three. A
random date of 22 May 2016 15 taken in second time

frame. On this date Single Axis wacking gives better
performance among the three.

Further research has to be done on these results for better
analysis and exact reasons to investigate performance of the
plant 1 these two different time frames. Since these results
obtained arc only for 19 Months, at least two complete
cveles will give us better idea because weather and climate
conditions may not be the same every year in the monitored
time frame.
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Abstraci—Wear plays a pre-dominant role in effecting
tribological properties and service life factor of machinery
components and tools. Every machine parts and tosls have to
undergo dilferent stages of wear like Fatigoe, Abrasive and
Adhesion ete. To improve the surface and tribological
properties hardfacing is used widely. Hardfacing is one of the
oldest techmiques wsed in surface engineering process (o
improve the surface properties of materials, Fe-Cr-C
composed hardfacing alloys are used widely in severe abrasive
conditions as these are superior in abrasive resistance. The
aim of present stody deals with characterization of wear
tribological  properties of Fe-Ur-U  composition  based
hardfacing alloy on AISI 304 steel in form of mono and
multilayers by SMAW process, The wear tests were carried
out on Pin-On-Dise Tribometer and worn struoctures were
examined under optical microscope. Phase and structural
characterization were done by X-Ray dilfraction.

Index Terms—{first term, second term, third term, fourth
term, fifth term, sixth term

L. INTRODUCTION

Surface engineering is one of the most efficient
processes using widely to improve surface propertics of
materials to retain them in ertical condition [1]. In surface
engineering process, hardfacing is the oldest technique used
to repair wom parts and protect from Abrasive, Adhesive,
Chemical attacks by adding a protecting layer without
changing material properties [7]. Since past five decades
most of the researches were carried out to generate data
which can raise industrial revolution in fields of protection
shield layers of materials.

Fe-Cr-C hardfacing alloy with Ni addition are commaon
hardfacing alloys used widely as these are superior in
abrasive resistance in severe abrasion conditions [10], The
present study is concermed with wear characterizations of
Fe-Cr-C based hardfacing alloy on AISI 304 steel applied
in form of mono and multilayers. Many investigations were
carried one role of mono and multilayers on resistance
towards wear have contributed lot of benefits to industries
in improving tribological properties of materials[6].

Superior shrasive wear resistance can be obtained by
multilayering process leads (o hardening of material due o
formation of high volume fraction of carbides, Wear of
material not depends on abrasive material but also depends
on other parameters such as oxidation rate, thermal fatigue
and heat impacts [7].

I1. EXPERIMENTAL PROCEDURE
A, Specimen Preparation

AIST 304 steel of B % 34 mm and 8 = 38 mm dimensioned
cylindrical rod are taken for hardfacing. These specimens
were subjected to surface treatment at ae0” degrees. Before
hardfacing process surface of pins were cleaned with ethyl
alcohol. Fe-Cr-C based hardfacing alloy deposited in form
of multilayer and monolayer depositions.

TABLEL
CHEMICAL COMPOSITION OF PIN AND HARDFACING ELECTRODE.
Material | % C | %Cr | %Mn | %Ni | %S0 | %S |%P | %Fe
CF“;%"“‘ 008 | 200 | 20 | 100 | 1o | 003|004 | Rem
iﬁ:ﬂ:ﬂ 040 | 1050 | 180 | 190 | 045 | - - | Rem

Fe-Cr-C based hardfacing alloy is deposited in form of
mono and multilayer by using a flux coated shielded metal
arc welding (SMAW) having a diameter of 4mm electrode.
The chemical compositions of pin and hardfacing electrode
are reported in table 1. The welding parameters and design
details of pins are reported in table 2 and table 3.

TagLE I
SHIELDED METAL WELDING PARAMETER

Parameters value
Length of electrode Hmm
Danmeter of elecirode A5hmim
Voltuge b wolrs
Current 140 anmps
TABRLE 111,

DESIGMING DETAILS AND LAYERS ON PINS ARE REPORTED [N TABLE

i ; No of layers
Specimen Length {mm} Driameter {mm} depusited
Tribs panr 1 drp # 1
Tribs pair 2 41 ] 3

B. Hardness and Surface roughness

The hardness of the prepared specimen before hardfacing
and after hardfacing with mopo and multilayered are
measured by using Rockwell hardness tester,
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The Fig.l shows the details of hamness results. The
surface roughness of specimens after hardfacing is
measured by using Surfiest S1-301 surface roughness tester
and surface roughness maintained 0.03 pm.

] B GEFORE HEAT TREATMENT
1 I AFTER HEAT TREATMENT
2 I S5INGLE LAYERED
[ I MULT] LAYERED
E 10
ﬁ . BE &6
=
E
S wl
g 40 4
§ 0+
B T T T
Rochwal Hardrss bt
Figure 1. Hardness of specimens.

. Wear Test

The sliding wear tests are carricd out for both tribo pairs
at constant parameters by using Ducom’s Pin on Disc TR-
20 machine in controlled room temperature under applied
contact load of 30N with speed 300 rpm as per ASTM G-
994, The two tribo pairs are made contact with surface of
55 alloy steel disc and revolved with track diameter of
25mm and each 2000 revolutions. Wear is not only depends
om load but also dependent on the shiding speed. If sliding
speed is more then, more distance is covered by the sample
and static wear will be more. The wear will higher for
higher sliding speed.

r DN
Shiding speed of disc (m'sec)= G0 000 il

) T DNT
Total distance travelled (m)= ———— (2}

60000

Where [ = Diameter of track, N= speed of disc, T= Time
travelled.

The mass loss of pin is calculated as the difference of
their weights before the wear test and after the wear test.
The volume loss of the pin is calculated by conversion of
mass loss through equation 3.

f |
Volume loss of pin, mm” =

Mass Loss

- x1000 (3
Density

; AG
Wear rate W, (mm /Nm) = ———— {4)

dMS
Where is weight loss, M is load applied. d is density and 5

is frictional distance travelled.

Wear resistance W, = ——— (5)

0. Results

The Figure 2 and Figure 3 show the resistance of single
and multilayer hardfacings towards wear attack, These are
heat treated and hardfaced specimens, showing a good
resistance towards wear. As compared to single layer the
multilayer hardfacing having good binding strength and
lead to increase in resistance towards sliding and abrasive
wear., The figure 2 shows the sudden raise of peaks due to
high wear rate because the worn out particle due o sliding
wear formed as abrasive particles and lead to high wear rate
due lesser binding strength of single layer depositions.

N =
]
™ | |
gm- .|
:tzu-1 | I.,
[ | ]
o 11 1A
Hial
30 ¥ I T [t
J ol A
=] [l ¥
TEN
o T T T
o =00 i A
THAE{Eeec)
Figure 2. Wear Vs Sliding Time of Single Layer Hardfacing

Compared to mono layer the multilaver deposition of
10,5% Cr-19% Ni hardfacing shown a good resistance 1o
wear and less amount of wear rate as shown in Figure 2,

o S e o R | ¥ | PR PR |
o S0 =] 150 xa a0 S0 350
TIME [Bat)

Figure 3, Wear Vs 3|1dm|5 Torme 01'M|L|I|ta}n.:r Ilim,lﬁu;ing
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The mass loss, volume loss and wear rate are higher for
mong and wear resistance 15 very poor when compared o
multilaver hardfacing depositions. This is due 1o brinleness
of specimens and poor binding strength. It may be offered
due to operations done on grinding and lathe machined
caused the surface harder and brittle,

The results of sliding wear and corresponding mass and
volume loss of pin are mentioned in table 4.

MULT! LAYERED |

ok SINGLE LAYERED
70
e
0]
=
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] =] ] &0
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Figure 4. Comparison of Wear Vs Sliding Time of Multilayer over
Single Layer Harfacings.
TABLE 4.
WEAR CHARACTERISTICS OF PINS,

Mg \"Cl|lllil1¢ | Wear rale ?-'car Wear
o fih loss uronipi) | (TESisionce | meglsiance
| (mm3) | (Nenfmm3) | (Nm/mm3)
Sgle 0.14 17.7% 3.810-3 263.15

layer |

Mult s 7.54 L6 13 £25.00

layer |

10.5% Cr-19% Ni hardfacings showed excellent wear
resistance. This resistance is offered due to higher hinding
strength offered between bare specimen and hardfacing
allows as the bare specimen has subjected to heat treatment
o improve its propertics,
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Figure 5. XRI Plons of Sangle Layer Handfacing
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Figure 6. KR Plos of 1005% Cr=19% Ni Multilayer Hardfacing

Figure 5 and 6 shows XRD plots of Single and
multilayer hardfacing lavers hardfacings are having Face
centered cubic structure with Austenitic phase. It states that
there was no phase change after wear test.

E. Warn sivfaces

Duc to the shp actions and fnctional force between the
specimens and discs, mass transfer from specimens exists,
The mass transfer can be observed during each test and due
to this mass transfer the specimens were predominantly had
a layer composed of wear debris and oxides test

Wom Surface of 10,5% Cr - 19% Ni Single Layer
H:m:IIEu.'ing after Wear Tesi,

Figure T,

Figure 7 and Figure 8 shows worn surfaces of both single
and multi layered surfaces hardfacings. Figure 7 shows
ploughing strips are very shallow on the surface as
compared to multilayer hardfaced worn surfaces and linle
amount of oxide layer and void formation observed in
single laver deposition,

The worn surfaces shows the formations of welded
regions due abrasive particles and severe adhere wear has
taken place and also severe wear transition occurred in
single layer deposition. The particles which are formed
while test are acting as abrasive in nature are mamly
responsible for this ploughing nature and abrasive wear.
The morphology of wom surfaces reports the severe
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formation of wear debris is mainly ocourred on single layer
as compared on multi layer and major loss of volume and
wear rate is also occurred on single layer surface.

Figure &, Wom Surface of 10.5% Cr - 19% Ni Multilayer Hardfacing

after Wear Test

One of the common features absorbed in the both worn
surfaces is formations of ridges running parallel to the
sliding direction. The damaged spots in the form of craters
can be seen in single laver depositions are decreased in
multilayer depositions. The multilaver hardfaced deposition
showed mild wear transition and no severe cracks was
formed, The loosed wear debris formations were observed
m previous hardfacing but here no such critena were
ohserved,

L. CONCLUSIONS

Multilayer hardfacing reduces rate of pin holes, cracks
formations and also reduces internal stress in interface
layers and leads to increase in volume of carbides which
stromgly influences the hardness of the material,
Multilayering can reduce the internal void formations and
external surface defects and results in greater binding
strength and hardness as the carbon content 15 increased
with high fraction of carbide formations results in excellent
resistance to external load and wear.

Increase in carbon content increase the hardness bui also
increases the brittleness of the material but on other way it
can form more carbides which resists towards abrasive
wear

Im some cases the finishing operations are also responsible
for hardening of surface layers,

The morphology of wormn surfaces on Multilayer showed
only plough nature on the surface and good wear resistance
compared to single layer. As in single layer showed uneven
cracks formation, voids and severe ploughXRD results
stated that all hardfacing are in austenitic phase and after
wear test no phase transformation was observed.

Broken flake particles from specimens acled as abrasive
particles increased the wear rate due lesser birding strength,
Cr-Ni based hardfaced alloy showed good binding strength,
good wear resistance and fewer amounts of oxide layer
formations on the surfaces of specimens as compared with

all hardfacings. A buffer layer is preferred for these
hardfacings
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Abstract— The intricacies in plastic mold design  are
accommodated by precise and correct methodology in design
steps and taking into considerations the right factors. In this
paper a two plate finger cam actuated injection mold is
designed for a component namely ‘male insulator of solar
connector’, the material selected for it is Poly Phenylene Oxide
(Noryl-PP(). The male insulator component has intricate
projections on its surface and has a threaded brass insert as
well. The 3-D model of the component and extraction of core
and cavities was performed in Plastic Advisor 7.0. Plastic
advisor software is a powerful simulation tool to locate gate
Iocation and predict the defects in the component.

Index Terms—Mold design, Male Insulator, Solar Connector,
Plastic advisor 7.0

L INTRODUCTION

Inmjection molding is an ideal plastic manufacturing
process, Due to s ability to manufacture complex plastic
parts with high precision and production rates at low
operation costs only a relatively high initial investment for
mold design and fabrication [1]. The molding may cause
defects and its processing offers a challenge during its
development phase. The cost of the mold is high and any
process that is not optimized renders heavy overheads
during its development cycle and production. 5o, designing
the mold which ensures best suitability for the features on
the component with smooth flow of molten plastic is the
demand of plastic industry [2].

Solar insulators are single contact electrical connectors
commonly wsed in solar connectors. It consists of a plug
and socket design. The plugs and sockets are placed inside
a plastic shell that appears 1o be the opposite gender- the
plug is inside a cylindrical shell that looks like a female
connector but is referred to as male and the socket is inside
a square probe that looks male but is electrically a female.
The female connector has two plastic fingers that have 1o be
pressed towards the central probe slightly to insert into
holes in the front of the male connector. When the two are
pushed together, the fingers slide down the holes until they
reach a notch cut into the side of the male connector, where
they pop outward to lock the two together. The male
insulator consists of threaded insert of brass which is
placed inside the die and then the molien plastic is
introduced into the impression inside the mold,

Materials cooled to get desired form. Injection molding
process can be divided into four stages which are
Plasticizing, injection, packing and cooling [3]. The
operations are (0 be camed oul precisely. The tool s
clamped together under high loads and is subjected 1o high
injection pressures and high heat levels from the incoming
polymer. During the cooling cvele, the mold 15 cooled until
it reaches gjection temperature, All these factors combine to
make the mold tool highly stress dynamic heat exchanger.

It is important, therefore, to ensure that the mold design
takes all factors into consideration. Additionally, there are
several other requirements that are needed to be considered,
among which are the type of wol needed, e.g. two-plate,
side core, spilt, three-plate, hot runner, And the mold
material, the cavity construction, the required tool life and
temperature control,

In addition to runners and gates, there are many other
design issues that must be considered in the design of
plastic molds. Firstly, the flow must allow the molten
plastic to flow easily into all the cavities. The removal of
solidified part from the mold 15 also equally impodtant, so a
draft angle must be applied w the mold walls. The design of
the mold must also accommaodate any complex features on
the part such as undercuts or threads which will require
additional mold picces. Most of these devices slides into the
part of the cavity through the side of the mold, and are
therefore known as sliders or side-actions.

I1. PROCESS VARIABLES AND MACHINE SPECIFICATIONS
AND COMPONENT DETAILS

A Speed related process variables

The process variables related to speed are mold opening
and closing speed, injection speed, screw rotation speed,
component retracting speed.

B, Pressure velared process variables

The process variables related to speed are injection
pressure, holding pressure and hydraulic jack pressure.

C. Temperature related process varighles

The process variables related to temperatures are melt
temperature and cooling water temperature.
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0. Time relaved process variables

The process variables related to time are injection time,
holding pressure time, pause (dwell) time, cooling time and
cyele time,

The extent of variability encountered is a good indicator of
the level of inherent stability present within the molding
process. Hence, the smaller the variation. the more
consistent and stable is the process.

The given molding machine is HMT 80T machine
(Togale series), the clamping unit and injection unit
specifications are shown in Table 1 and table 2
respectively.

TagLE L
CLAMPING LINIT

Clamp force
Distance between the tie bars
Suze of the platen

H( Tons
330 mm = 330 mm
485 mam = 485 mm

Clamp stroke .,"I-lir_u_l.n‘ ﬂﬂﬂﬂﬂﬂ
Medd height Blhnin to 350 mm
Ejector stroke 1100 mum

TABLE IL

IMIECTION UNIT

Screw dinmeter 28 mm
Shot weight iyl
Theoretical shol valume 106 e’

3__6'?” 1(3,.'1'“1:
52 emls

2008 grs

253 pm

Inpection rate
Flasticizing capacity
Screw rotation

In injection molding, cost and complexity of the mold
increases as the criticality of the produced pant increases.
For this male insulator to avoid more complexity split
cavity, mold with finger cam actuated ejection system is
preferred.

The objectives of this research are to achieve maximum
production by checking flow analysis results, injection
pressure, fill time analysis, confidence of fill, emperature
variance and weld lines ete. before manufacturing.

TABLE IIL
COMPONENT DETAILS
Muterial Moryl (PPO- Poly Phenylene
Oide)
Density 106 g.om’
Specific heat 147 kjkg™C
Melting temperntare 250-300 =C
Shrinkape (L5 L] mém
Tensile strength 55- 65 MPa
Compressive strength <1 MPa (13,200} psi)
Coefficient of thermal | &= 1070 K
expansion
Thermal conductivity 02 Wom K st 23°C
Thermal diffusivity 014 m'is

The component details are shown in table 3. The 3D model
and 2D drawing are shown in figure 1 and figure 2a and
figure 2b respectively.

\&

Figure 1. 30 model of mabe insukator of solar connector

Figure 2a. 2 dimensional details of the component {male insulator)

Software is used to evaluate the mold design to make
sure it will produce the most consistent and highest quality
parts from each cavity of the tool. It uncovers the weakness
of the dimensional geometry of the product and also it
improves manufacturability.

In doing mold flow analysis, maximum production cycle
time can be reduced, reduction in tooling and machining
cost,

Also checking of the overall component before product
design and therefore able to optimize the design process can
be done.
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LETML T (2
&1

SITTION A=t

Figure 2. 2D dimsensional detmls of the component (male insulator)

L SIMULATION
The simulations are performed in Plastic advisor 7.0
which is a powerful tool to simulate the best gate location,
comfidence in fill, Il time, determining weld lines and air
traps,

A. Selection of hest gate

The result of the best gate location is obtained by Plastic
advisor 7.0 and is shown in Agure 3.
In this simulation, dark blue portions shows best gate
location and as the colour changes from dark blue to red,
the gate loecation becomes worst,

— m—— e

Figure 3. Resubt of best gate location
B. Confidence of fill

Confidence of fill depicts the reach of the molten plastic
into all the intricate portion of the cavity. Confidence of fill
15 essential for mnstlling strength in the component. The
result of confidence of fill is shown in figure 4.

?‘H Lt 1L et S . o
e

R

aw e g f e e e |

Figure 4, Result of confidenee of fill

C. Confldence of fill in two cavitfes with runner system

Figure &, Coafidence of fill in two cavity with ranner system,

Filling pattern plays an important role in determining and
identifying any potential aesthetic issues such as short shot,
air traps and weld line due to wrong location of gate [4].

The confidence of Gl when the cavities are increased to
two along with the runner system is shown in figure 5.

DL Fill time

Fill time indicates the time the molten metal is taking to
fill the cavity, it affects the amount of sheer heating at
surface amd thinning the plastic 5 experiencing  thus
affecting the material viscosity, the pressure inside the
cavity and overall part quality,

Fill time dictates the effective solidification of the plastic
component, poor solidification leads to poor structure of the
plastic component. The result of the simulation for fill time
is shown in figure 6.
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Figure 6. Result of fill time Figure 8. Result of flow front temperature

£. Pressure drop . Cooling quality
Pressure drop facilitates the guality of the structure of the

component as well as gucker solidification and remaoval of

the component from the mold,

The result of simulation for pressure drop is shown in

figure 7.

The cooling quality has to be uniform throughout the
component. The result of cooling quality is shown in figure

Figure 9. Result of cooling qualiy

Figure 7. Result of pressure drop

F. Flow front temperature H. Quatity Zrediciian

The quality of the component can be predicted using
mold flow analvsis, The result of quality prediction is
shown in figure 10,

Flow front temperature is the temperature at which
shows the temperature of the polymer when the flow front
reaches a specified point in the center of the plastic cross
section.

It also facilitates uniform flow ability and uniform
shrinkage, weld lines, hesitations, flow mark and material
degradation dug to high temperature in the component, The
result for flow front temperature 15 shown in figure 8,

The flow front temperature should not drop more than
3% 1o 5% While doing the simulation it looks for hot spots,
cold spots or check where the material is excessively
cooling or heating

Figure 10. Result of quality prediction
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I Weld linexs

Weld lines are formed when the flow waves of molten
plastic merges with cach other. It is undesirable and
prominently visible on the component.

The result of weld line formation is shown in figure 11.

e

Figure 1 1. Result of weld line fonmation

S Air raps

Air traps causes blow holes in the compoment thus
decreasing the quality and strength of the component. It is
highly undesirable and it has to be taken care beforchand
itself so that once the production starts there should not be
any design modification. The result of air traps in the
component is shown in figure 12,

Figure 12. Resalt of air trap in the component

Air traps also causes blemishing on the component and
difficulties in ejection of the component. Proper venting
and changing the process parameter in speed and pressure
are done to control iL.

TaBLE IV.

Susistary OF Mown FLow ANALYSIS

Confidence of fill

| Injection time 1,55 %
njection prssure 34.7% MPa
Weld lines Partial
Adr Lraps Partial
Shot volume 10,90 cim”
Cruality Giood
Filling clamp force 295T
Packing clamp force estimate (2120% 188 T
Packing clamping force estimate a8ls | 751 T
Packing clomping force Gnl 20% 11.26T
Clamp force aren 26,47 sg.cm
Cyele time LGRS
Surflace lemperslure vanance range T STC 925
Freese time variance mnae Llosio 56ls

The results obtained from mold flow analysis is very good
although weld lines and air traps are present in the analysis,
they can be avoided by changing the molding parameters at
the time of production. The summary of the simulation is
shown in table 4.

All the results obtained are acceptable hence the design
process can be started.

Ilacd hallk

DESIGN CONCEPT

Figure 13, Design concept for make insulator

K. Feed system calculations

The maximum diameter of the sprue bushing should be
greater than the nozzle orifice by (0.5- 1.0 mm, The length
of the spruc channel should be as short as possible and
never be over 100 mm., The sprue included angle has to be
4°. 5% The diameter of the runner is calculated by equation
LAY

Runner diameter, D= ~/W x 3L /3.7 (1}

Where, W = Weight of the component
L= length of the runner

D=~/10 .8 x 4/34 .2 /3.7
=215 mm
L. Shot weight

Shot Weight= Weight of the component + Weight of the
feed system
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Weight of the component = 5.4 +5.4 = 10.8 gm
Weight of the feed system= 10% of molding= 0.54 gm
Therefore, shot weight= 10.8 + 0.54= 11.34 gm

M Clamping force or tonnage calculation
The clamping force calculation is shown in equation 2 [5].
Clamping force= Projected area of the molding (em’) = 113
times of Injection pressure (kg/cm™)  (2)

Injection pressure= 2670 ]~:g.-'4:::|'n3

Clamping force= (8.18 x 2670) /1000 =21 84 T

N. Working length of finger cam

Finger cam has the advantage of easy handling and
smooth opening and closing of die, It 15 shown in figure 14,
The length of the finger cam invariably depends on the size
of the compenent and mold, it is calculated in equation 3

[6].

e FINED MEULR PaTE
.

Figure 14. Finger can actuator

b=

N

Working length, L = (M sin @) + {2¢/5in Q) (3)
Where,

M = Spilt movement= 27.39 mm

P = Angle of finger cam = 15°

c= Clearance = (.5 mm

L= (27.39/ sin 15%) = (220.5/ sin 15%)

= 107.83 mm

0. Conling system

Serial cooling channel svstem has been adopted for this
mold for better cooling quality, For this, cooling holes of
t.0mm diameter with [/8BSP (British standard pipe) plugs
have been made.

CANITY LARDIUT & MOULD SIZE

Figmre 15. Cavity layout and mold size

IV. CONCLUSIONS

Plastic advisor 7.0 has given the results for the best gate
location, confidence of fill, quality, weld lines and air traps.
Weld lines and air traps which are appeared in the analysis
can be overcome by changing the process parameter related
to speed and pressure during production. Instead of water
different types of oils can be used for effective cooling of
the die. Thermal and stress analysis can be performed over
the die by using ANSYS,
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Abstract: This paper presents a design of low power sigma
delta ADC by wsing ANFIS algorithm which is applicable for
high resolution ECG signal processing syvstems. The ECG
signal analysis which is also known as a comprehensive
analysis of the Heart, which helps for collecting  the
information of abnormal and normal conditions of the heart.
The resolution of the ECG signal helps in the diagnosis of
heart abnormalities. With the proposed design, the resolution
of the ECG signal iz improved and reduoced power
consumption levels of ADC. The ANFIS algorithm is used to
decide the sampling clocks of ADC which changes the power
consumption levels in the ECG system, The main advantage of
this ANFIS algorithm is to take instantanecus decisions, This
ANFIS system can alse be called as an intelligent system which
makes use of newral networks. The ECG signal data is used as
an input data for implementing the whole system SoC
(System-on-chip) design using 9nm technology. The SoC
includes the integration of 14 bit sipma delta ADC, ANFIS
system, multiplexer, down sampling and up zampling circuits,
The algorithm is designed in MATLAB and the whole system
is modelled using VERILOG language. The simulation resulis
were shown in Xiliny system generator, the synthesis is
performed in Synopsyvs Design vision, The physical design of
the chip is carried out in Cadence Encounter tool. The
complete sysiem can operate al 400 MHZ frequency and ihe
power consumption of the system can be given as 15mw, This
high resolution low power system level design is wsed for
health care monitoring applications,

Index Terms--- ADC, ANFIS algorithm, S0OC domain, ECG

signal processing, power consumption.
L INTRODUCTION

The Electrocardiograph is a machine that performs
electrocardiography and results in electrocardiogram. The
electrocardiogram is a painless test, which records the
electrical activity of the heart. For every heart beat an
electrical signal is generated from the top of the heart to the
bottom. These electrical signals were set to rhythm of heart
beat.

The hierarchy level design of the ECG signal processing
systern consists of an Analog- to- Digital converter and
digital signal processing system. A dynamic system clock
source is given to both ADC and the DSF system. The
primary components of DSP signal processing  system
includes  instrumentation  amplifiers  and  operational
amplifiers, The ECG signal processing system with sigma-
delta ADC 15 shown in the Fig 1.

ADE i

Figure. | Example of an BOG signals processing system with sigma delia
AL,

Delta sigma converter is a tvpe of oversampling and
moise shaping analog-to-digital converter. The main
purpose of the ADC is to convert the analog ECG signal
data into digital ECG data,

The pattern of an ECG signal with PORST format can be
given as shown in the below Fig 2.

Ty

e
R
i?l T
L hrona Wlave
e q
E=

| d mmrd

Figure, 2 Exnmple of an ECG pattern

The ECG data base can be obtained from the web based
source called physionet[17] which is a free access source
of signals.

This paper is organized as: Section II shows the brief
explanation about analog -to-digital converter. Section I11
explains about the Adaptive Neuro Fuzzy Inference system
algorithm and its architecture. Section IV gives the block
diagram for experimental environment. Section ¥V includes
the methodology applied in the project and finally section
VT includes the simulation results and chip layout for the
proposed work,

I ANALOG —TO-INGITAL CONVERTERS
The analog-to-digital converteris a svstem that
converts an analog signal into a digital signal. A digital-to-
analog converter (DAC) performs the reverse operation.
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The ADC can also be defined as the on-chip interface
between digital domain and the real domain of analog
signals.

The general process of converting an analog signal into
digital signal consists of two steps They are: 1) samphng 2)
guantization, Consider the analog signal x (t) when
performing the sampling process the amalog signmal is
converted into sampled signal and then the sampled signal
is quantized and finally the signal is converted into digital.

Different types of analog —to-digital converters are flash
ADC, successive approximation ADC, pipe line ADC, and
time anterleaved ADC, The highest resolution ADC s
Sigma —delta ADC [2] which is a cost efficient low power
converter. The basic building blocks of ADC are
comparators, amplifiers and integrators. The brief
explanation about sigma —delta ADC can be given below:

AL SIGMA-DELTA ANALOG-TO-DNGITAL CONVERTER

The sigma delta Analog to digital converter [2] is a 1-bit
sampling system. This type of ADC can also be called as
an oversampling ADC. Delta-sigma ADCs  implement
oversampling, decimation filtering, and guantization noise
shaping to achieve high resolution and excellent anti
aliasing filtering,

The block diagram of the ADC is as shown in Fig 3. The
components of the ADC are summing amplifier, integrator,

quantize {comparator), DAC, digital filter.
Digital

daisa-shaping filker hare in CF sigmo-<lein
Figure, 3 Syrma-Delta Anabog To Digital Converter

Ao
st

The mput analog signal and the output signal of 1-bit
DAC are applied 1o the summing amplifier and the output
analog signal is given to the integrator. In integrator, the
motse shaping of the obtained signal 15 performed and the
resultant signal is allowed to pass through the quantizer.
The quantizer results only two levels for the obtained
signal. The amplitude of the quantized signal can be *1" or
“0. Hence the analog signal is finally converted into 1-bit
digital signal and then again the feedback iz given to the
summing amplifier,

Finally, the obtained 1-bit digital stream of data is given
to the digital low pass filter which results in the N-bit
digital signal for the given input analog signal.

This is the working principle of sigma delta ADC which
has a very important role in the functiening of an ECG
signal processing system.

11 ANFIS ALGORITHM

The Adaptive Neuro Fuzzy Inference System is a type of
network which 15 a combination of artificial neural network
and fuzey logic control [5],[13]. This network can also be
called as hybrid imelligent network. The integration of both
neural network and fuzzy control has a potential to capture
the bencfits of both, in a single frame. These networks may

be lingar or non lingar, predictable or unpredictable. The
neural network has the ability to recognize the patterns and
adapt them with changing environment.
The important steps for developing a neuro fuzey system
Hrat
1} Fuzzification of the input parameters.
2} Computation of degree for linguistic terms.
3} Conjunction of fuzzy inferred parameters.
4) Defuzzification of the output.
The adaptive fuzzy inference system architecture[4],[6]
with two inputs such as X, Y and the cormesponding output
F is given in Figd.

I"IHIJI'E. 4 ANFTS struciure for I!wu-irlpul e guiput,

A two-input, one-output zero order ANFIS [4] with three

Membership functions per input (nine fuzey if-then rules) is
shown in Fig. 4. It is composed of five layers. The square
nodes in the first and fourth layer represent adaptive nodes,
¢, they depend on a set of parameters; the circle nodes are
fixed.
The operations performed in each laver are shown below;
Layer 1: Every node in This, is adaptive with a node
function. Each input node has linguistic variables which can
be called as membership functions.

I
Fhl"ll'

ll _‘.I

ﬂl

where x is the input node and a and ¢ are the parameters of
the membership function.

Layer 2: Firing Strength of Rule

= Liga T-norm (min, product, luzzy AND, ...}
Oy, =w, =4, {II 1""_ {""':l ]

(o i=1.2)

| Mode outpu: firing sirength of rule ['

"

Layer 2: each node in this laver calculates the firing
strength of a rule \ The output obtained from this layver is the
strength obtained by performing rule matrix operations.

58 CVR College of Engincering



ISSN 2277 - 3916

CVR Journal of Science and Technology, Volume 11, December 20016

Layer 3: Normalize Firing Strength

+ Ratio of " rule's firing strength vs. all
rules’ fining strangth

_ W,
e
° W, W,

(for i=1,2)

[Mode output: Normalized finng strengths|

—

Layer 3: Every node in this layer calculates the ratio of rule
firimg strength to the sum of all the fring strengths of the
rules. The owtputs of this layer are  the normalized firing
strengths.

Layer 4: Consequent Parameters

= Takag-Sugeno type culput
d,=wf = w.-l:p_.l. +agx+ n:}
= Conssgquent parameters (o, q, r}

Mode culpul: Evaluation of Righi Hand
Side Falynomials

Layer 4: every node in this layer is multiplied with a node
function, with a consequent parameter set.
Layer 5: Overall Output
Fowd

0, = L f, =
‘_"II

* Mol
= Dol ' ey m cormacgun perameien p.gr

o wilpn s mg s g le melp,n, b g e n)

i e b Bk kb, T )

| MNode: cutpul: Wvghiad Evakaton of AHS Polyromials

Layer 5: This layer consists of only one node which
calculates the final output of the Neuro fuzzy system.

Hence this is the working principle of adaptive neuro
fuzzy inference system.

Some of the important considerations for determining the
rules are as follows: For example, if ‘g’ is Very Low and °f"
is Wery Low then the sampling clock is selected as HCLK
or if ‘g’ is Very High and *f is Very High then the
samphng clock 15 HCLK., The sampling clock of the ADC
is selected as MCLK For example, if g is Mediom and fis
Medium then the sampling clock is MCLK. For example, if
g is Low and fis Low then the sampling clock is LCLK.
Table I tabulated the fuzzy adjustment rule table for the
frequency of the sampling clock of the ADC. It maps the
twi input fuzzy sets to an output fuzzy set.

TABLE 1
Fuzey ApausTMENT RULES FOR THE FREQUENCY OF THE SAMPLING
CLOCK
E , d Wery
. Vervlow | low miedlivm high high

Verylow | HCLK LCLK LCLK LCLE HCLK

lovw HCLK LCLK LCLKE LCLE HCLE
medium | HCOLK MCLE MCLK MCLE HCLE
high HCLE HCLE HCLK HCLE HCLK

vervhigh | HOLK HCLK HCLEK HCLE HCLE

The terms such as vervliow, low, medium, high, veryhigh
are called as linguistic variables for input parameters,

HCLEK, MCLE, LCLK are the linguistic variables for the
output of the ANFIS system. An example for different
clocks is as shown in the Fig 5.

om | MLMLMLILMLILLUTLL
| O L LA

nHE

Figure, 5 Example showing the three different types of clocks

In this paper, an ECG signal data is taken as input data to
implement the ANFIS algorithm[8]. The membership
functions are developed to perform fuzzy rules to produce
the best logic contrel for the proposed system. Consider
‘& ‘g’ are the parameters of the ECG signal in which 'T
i the amplitude of the signal and parameter *g" is the slope
value of the input ECG signal. The expressions for the
parameters can be given as;

Fin)=abs(p(n)) (1)
Gin)=abs(p(n)-p(n-1)) (2)
Where pin) is the amplitede of the ECG signal.

The main concept of the proposed system is to select the
base sampling rate in the normal regions and oversampling
rate in abnormal regions of the body signals. The sampling
rate is controlled by the fuzey logic control echnique, By
this technigue the guality of the waves can be efficiently
improved.

IV. BLOCK IMAGRAM For EXPERIMENTAL
EXVIRONMENT

The proposed ECG signal processing system in Fig.6
includes a sigma-delta ADC. ANFIS system, two down
sampling circuits, interpelation  filter, phase locked
loop(PLL), Multiplexer. The details of each component in
the system are described below:

1} Sigma —delta analog to digital converter: the ADC[3]
can be realized by making use of various architectures
depending upon the characteristics of the siznals, The
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proposed 14 bit sigma delta ADC [3] was implemented by
using sigma adder, delta adder, digital-to-analog converter.
It is used for converting the analog ECG signal into digital
stream. This design is used for the proposed ECG signal
proposed system becavse of its various characteristics such
as varous sampling rates can be used and it is a high
resolution ADC.

ABAPTIVECLE
v CONTRG | = -
yrees [~ | DAL woimo | | sjmen [MOEPEC] . | py
SIGHAL | apc | TOWALD  pgry 4 @ L |
CONTROL
||
REFNERY | LE
NTERPOLATION | R,
R — -
DOAVNHSARLE
CUTPLUT SRENAL

Figure. & Block diagr.nn ol the :pu'ﬁ]:um&d SyRIEm.

2) Adaptive Neuro Fuzzy Inference system: The adaptive
neure fuzzy controller[8] was implemented by making use
of adders, multipliers, dividing blocks. It is used for
deciding the sampling clock of ADC from the given
different clocks. It performs the comparison for the body
values from the ECG signal. Next, it obtains the variance
between various amplitudes of the ECG signal and resulls
in the two parameters such as T & ‘g with this
comparison. The final step is to decide the sampling clock
for the proposed ADC. The sampling clock can be HCLK,
LCLK, MCLK according to the given input pattern.

3) Down sampling circuits: The down sampling circuit
consists of anti-aliasing filter and a decimation filter. In
these circuits, first the HCLK signal which is generated
from the PLL is allowed for filtering, by anti-aliasing hler
and then it is sub sampled by a decimation factor, Then the
HCLK signal is sampled to MCLK and then the MCLK is
sampled to LCLK. By the design technique, three various
frequencies of clock can be produced by using two down
sampling circuits.

4} Multiplexer: The Multiplexer is a device that selects
one of the inputs from the various inputs given depending
upom  the selection line. The control signal for  the
multiplexer can be given from the adaptive neuro fuzey
inference system and the inputs for the multiplexer are
HCLE, MCLE, LCLEK signals which are obtained from the
clock generator and down sampling circuits, The output of
the multiplexer is given as a sampling clock of ADC[2]
which varies the power consumption levels of the device.

51 Interpolation filter: Interpolation] 14] 15 a process of
converting the sampled signal into highest sampling rate by
adding the samples in particular intervals of time by using
various design  techniques. Here, the input for the
interpolation filter is the control signal obtained from the
adaptive neuro fuzzy inference system. By performing
interpolation the signal can be converted into highest
sampling rate sighal by which the resolution of the
converted ECG signal can be increased which is used for
diagnosis of heart beat signals.

V. METHODOLOGY FOrR THE PROPOSED DESIGN
The working flow of the proposed system in detail can be
explained from the Now chart which is shown below in
Fig.7

P
Figure. 7 working principle of the proposed ECG signal processing system

The chip includes the integration of Sigma-Delta ADC,
ANFIS system, multiplexer, down sampling circuits, pulse
generator, up sampling circuit, decimation filter and
interpolation filter. The input ECG signal[#] is taken from
physionet [3] which can be in the format of MIT-BIH
Arrhythmia data in which each signal has 360 samples per
second. The frequency of the general ECG signal is 360 Hz,
This taken signal consists of each sample of length of 14-
bits and is loaded in the MATLAB. From the workspace of
MATLARB the ECG signal is given to the sigma delta ADC
for converting the analog ECG signal to the digital signal.

The digital signal data is given as input for neuro fuzzy
systern such as ANFIS(adaptive neuwro fuzzy inference
systemn). Here, the obtained input from the ADC is allowed
to obtain the membership functions required for performing
the fuzzy rule matrix operations, The outputs obtained from
the rule matrix are normalized and the normalized outputs
were allowed for defuzzification. The final result obtained
from the defuzzification layer of the system is the final
output of the ANFIS system .The output of the ANFIS
system ¢an be HCLK or MCLK or LCLK which can be
decided by the given digital input signal. This cutput signal
is given as a selection line for the multiplexer,

The multiplexer is a 4X1 MUX which consists of four
inputs and two selection lines and single owtput, The
ANFIS svstem output is taken as a selection line for the
multiplexer. The inputs for the multiplexer can be given
from the down sampling circuits, HCLK can be given from
clock generator, MCLK, LCLK signals which are derived
from the down sampling circuits are given as inputs for the
multiplexer, By performing the operation of multiplexer we
can gel a decision control signal depending on these clock
signals . The output obtained from the multiplexer can be
ziven as a sampling clock of sigma-delta ADC,

Depending on the sampling clock given to the ADC, the
power consumed can be changed at different clock perieds.
The output obtained from the multiplexer can be allowed to
undergo upsampling so that by adding the samples o the
contral  signal the resolution can be improved and by
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performing the interpolation, finally resolution refined
signal is obtained from the whole system.

Firstly, the proposed design is implemented by using the
co simulation of MATLAR, Xilinx system generator] 16].
The verilog code has been manually written for the ANFIS
algorithm and it i1s interfaced with the other blocks such as
downsampling circuits present in the system generator tool.
Finally after interconnecting the ADC with ANFIS system
the logical simulation is performed in MATLAB. By using
the hardware description language wverilog the design s
simulated in Xiling system generator and Design Wision
compiler which belongs to SYNOPSYS tool was used for
the synthesis of the design in VL3I circuit using 90nm
technology. The placement and routing of the chip is
performed in Cadence Encounter and a chip layout is
generated for the proposed design. The photo of chip layout
is illustrated in Fig 13,

Synthesis results show the arca of the proposed signal
processing system 15 12161 3pm?. Which was synthesized
in 90nm technology The power consumption for the whole
design can be obtained from the design vision. It consumes
15mW at 300 MHz operating frequency with 1.62V supply
voltage The specifications are listed in table T

TABLE 11
OUTPUT SAMPLING CLOCKS (OF ADC AND POWER CONSUMPTION
LEVELS

SAMPLING i o i
CLOCK FREQUENCY PFOWER
HCLK 400MHL 54W

LRI EALT
MCLE ZREMIHE =
LCLEK 1IIMHZ 14w

VI SIMULATION RESULTS OF THE COMPLETE SYSTEM

E

PN e e ——— - S——— (oW KT IO W
Figure. B Simulation block for the proposed desim using: Xilins swslem

generntor & MATLAR
The input given to the system 15 an ECG signal data. The
ECG signal data loaded in to the MATLADB can be shown
in the below Fig 9.

] ]
hi | | | | |
!

. .
iy ,-,I‘ ol |7 e b A Y Vet

Figure, 9 Input ECG signal used for the simulation of the propesed system

Figure, 110 Photo Snaps for The Simulation Results of The Proposed Signal
Processing Systern
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Figure. 11 Clock information and distribution of power congumption

¥IL SYNTHESIS RESULTS
The synthesis of the proposed design 15 performed vsing
Design Vision Compiler of Synopsys tool. The RTL netlist
of the design is as shown in the Fig. 12,
e

The specifications of the proposed design includes area,
power, resolution, frequency, process are shown in the able
listed below:

TanLe LN
Cir RESULTS OF THE PROPOSED SYSTEM LEVEL DESIGN

Specification

Chip Resulis

Process LIML Snrm
Core Area 12161 3pm?
Poswer 1 Smw
Supply Voliage LAty
Oiperating Frequency Jiimihz
Resolution 16 Bit
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The chip layout for the proposed design is as shown in the
Fig 13. This process is performed in Cadence Encounter
tool.

By performing this physical design we can obtain the
netlist, DEF(Design Exchange File) & GDS —I1{Graphical
Data System)  file, With these files we can go for further
steps such as fabrication of the chip for the proposed
design. This can be wsed for real time applications.

VI CHIP LAYOUT FOR THE COMPLETE

DESIGN

' ﬁgur:'. 13 Physical design of the proposed ECG system chip loyout ;n
Cadence Encounter
IX. CONCLUSIONS

In this project the system level design of the low power
ECG  signal  processing  system  which  includes  the
integration  of  sigma-delta ADC,  ANFIS  system,
multiplexer, up sampling and down sampling circoits s
implemented. The sampling clock of sigma delta ADC is
selected by using the decision technigue which is done by
using intelligent algorithm called ANFIS algorithm which
can also be called as an intelligent system. The design is
modeled by taking the ECG signal features as the imput
parameters. As the ANFIS approach provides a general
frame work Tor combination of NN and fuzey lome, the
efficiency of ANFIS for deciding the sampling clock of
ADC can be concluded by observing  the power
consumption levels of ADC at different clock periods. The
50C implementation of the proposed design reduces the
area, power consumed by the circuit. The results show that
this work can not only improve the quality of the BECG
signals but also improves the power consumption of the
devices. The obtained chip area is about 121613 m” and the
power consumed by the device 15 13mW.the resolution of
the ECG signal 15 mereased by (,14%. Thas 15 apphicable
for real time health care monitoring applications,
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Abstraci: In some of the manufacturing industries automation
problems sccur most commonly like gquality control and
palletization. This paper proposes a system level design for the
identification of quality objects for palletization process to
solve the automation problems. The quality of the ahject is
identified by using SIFT (Scale Invariant Feature Transform)
algorithm which is one of the image processing algorithms
most popularly nsed for local feature detection. By using STIFT
algarithm featurepoint extractions are performed for an inpuot
image. After featurepoint extraction, feature matching is
performed by comparing the extracted featurepaints of the
input image and original image featurepoints which are stored
in database. The outpul comes after the feature matching will
actuate the palletization process to differentiate the tvpe of
ohjects. The processing of an image using SIFT algorithm for
palletization provess is designed in MATLAB by using Xilinx
System Generator and simulations are performed. Then the
HIML code is generated for the whole design by using system
generabor. The generated HDL code is synthesized by Design
vision compiler in Synopsys tool. To integrate the whaole
system design into SoC (Svstem on Chip) wsing %*0nm
technolepy  physical desipn  is  performed in  Cadence
Encounter tool. Due (o this design the whole sysiem obiains
optimized area and power.

Index Terms- Palletization, SIFT, Featurepoints, Gaussian
pyramid, Do(, Extrema detection, Xiling Svstem Generator,

L INTRODUCTION

In present days due to the advancements in digital
technology, manufacturing industries are using the fully
automation  machines.  In  industries  during  the
manufacturing of the products some of the automation
problems  will ocowr  such  as  guality  control  and
palletization process, These are the most recurring process
in manufacturing industrics [1]. Quality control is used o
check the quality of the products after the completion of
product manufacturing to differentiate the good products
from the defective products. Palletization process is a
process of stacking the products on a pallet which will
come from production line in industries for distribution or
storage purpose, Different type of palletizers are wsed in
industries. They are mechanical palletizer and robotic
palletizer. Mechanical palletizers are fast, inflexible and
have larger product changeover downtime. Robotic
palletizers are slower but flexible and have shonter product
changeover downtime [2-3]. The quality control of the
object is performed by using image processing algorithms
in vision system which is most commonly used in robotic
application for the object recognition. Traditionally some of

the image processing algorithms like edge based, adaptive
thresholding [4, 5] are wsed for object recognition but for
complex objects these algorithms are difficult for object
recognition. To solve this problem SIFT algorithm s used
to detect the local feature points of an image, because SIFT
can be able to detect the features even in invariant size,
rotation, view and illumination [6]. Image processing
algorithm can be implemented in Field Programmable Gate
Array (FPGA) due to the recent developments in the FPGA
hardware architecture. FP(GAs have great processing speed
and flexibility to process the image processing algorithms
in real-time applications [1].8IFT algorithm performs high
computations o detect the feature points of the image. So
the SIFT is suitable to implement in FPGA because of its
pipelined structure of architecture [7, ). But due to the
increasing of low  power and area consumption
requirements in the present days of markets (VLSI systems)
System on Chip (SoC) design is used instead of FPGAs,
because of the advantage of low power consumption and
reduced area for the typical design. SoC s an Infegrated
Circuit (IC) which will integrates the whole system design
into a single chip.

In thiz paper, a system level design is implemented for
the identification of object using SIFT algorithm. It will
actuate the control flow of a palletization process and the
proposed system is integrated into SoC to obtain optimized
area and power.

This paper is organized as section II gives the brief
description of SIFT algorithm. The block diagram and
logical design for the proposed system is explained in
section [I1, The implementation of the proposed system in
SoC is described in section [V, In section V and VI results
and conclusion are given,

I1. SIFT ALGORITHM

SIFT algorithm proposed by David Lowe [7] is an image
processing algorithm which is used to detect the local
feature descriptors of the faces or any object. SIFT is used
in many mobotic applications for object recognition and
tracking the objects in computer vision svstem, SIFT has a
great ability to detect the feature points of an object ¢ven in
invariant conditions also such as different in size, rotation,
intensity and view. SIFT algorithm is divided into three
steps to detect the feature points of an image. They are
Gaussian pyramid, Difference of Gaussian (Do) pyramid
and Extrema detection [9] as shown in Fig. 1.
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Input image

v

Cianssian pyramicd

|

Dol pyramid

!

Errema detection

Figure, | Steps of SIFT algorithm

A. Gaussian pryramid:

The input image Iix, y) is multiplied with Gaussian
kernal Gix, v, a) by using Gaussian filter. It will generate
the Gaossian image Lix, y, o) [10] and is shown in (1)

(1)
(2)

By changing the  walue blur point of the image will be
changed. A Gaussian pyramid consists of multiple octaves
with multiple scales. Scale 15 nothing bul a number of
Gaussian blur images. One octave consists of stack of
Gaussian blur images [9].

B. Do {Difference of Gaussian):

Difference of Gavssian is constructed by subtracting two
Gaussian images as shown in (3), An example is shown in
Fig. 2 DoG constructed from Gaussian pyramid with four
scales and one octave.

(3)
octave
_—
scales | r=d ---":E}— o
T y
# £ TS
—
P o =
il
Gaussian D5
Pyramid (Difference af

Gaussian|

Figure, 2 Gaussian pyrumid ond Dol with 5 scales and 3 octaves
C. Extrema detection:

After the construction of DoG, local maxima and minima
paoints are constructed by selecting a sample point from one
DoG image and compared that point value with its
neighbouring point and adjacent DoG image points value
either maximum or minimum as shown in Fig. 3. Then
from these maxima and minima points a stable point is
taken as keypoint or featurepoint of an image by adding
threshold value [10].

i &
» . w e
Scale Va St //
/ Pl 4
& | rFa

Figure. 3 Maxima and minima poins

ML Locicar DEsiGy For THE PROPOSED SYSTEM

Block diagram of the system is shown in Fig. 4 for the
processing of the image by using 5IFT algorithm to detect
the featwre points. It will actuate the control flow of a
palletization process, The processing of the image by using
SIFT algorithm is clearly cxplained in section 11, and gives
the output as feature points will separate the type of objects
and detect the defective object for physical actuation of a
palletization process.

Hligetn

it | || it e | | “‘*r

m—.im'-lrﬂ:"imﬂlmqh g
e
R

Figure. 4 Block diagram of the proposed system

For this block diagram, control flow chart is shown in
Fig.5. In this design, three input images are taken as A, B
and B defective. First the input image is preprocessed by
converting into 300x300 pixels of grayscale image [11].
Then the image is processed by using SIFT algorithm to
extract feature points of the image.
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SzeNlide

Figure. 5 Control flow char of the proposed system

If the image comes after the processing using SIFT
algorithm is type A with angle less than 45", then the
process is stopped. If angle of image A is greater than 55"
then the Orientation device (OD) will be activated which is
a mechanical palletizer [1] used to set the inclination of the
image until the pressure 51 is greater than or equal to P1.
After that OD will be deactivated. If output comes from
SIFT algorithm as image B, then the PCl (pneumatic
cylinder) will be activated If output image is B defective,
PC1 and PC2 will be activated.
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Figure &; Whale system dingram i MATLAB wsing Xiling
System Generator

The whole control flow of the proposed system is
designed first in MATLAB using Xilinx System Generator
as shown in Fig. 6 and HDL code (Verilog code) is
generated.

By using the Xilinx system generator blocks the control
Mow chant is designed in MATLAB for identification of
quality of the objects for the palletization process, First the
preprocessed image is stored in FIFO block to construct
Gaussian blur image [11]. In this. we have constructed
Gaussian pyramid with four scales is nothing but four
Gaussian blur images and one octave. From the four
Gavssian blur images three Dol images are constructed by
using Addsub block 1o subtract the two successive Gaussian
blur images. Then the maxima and minima points are
constructed by comparing the three Dol images using
Relational block and from the maxima and minima points
featurepoints are extracted by wsing Logic OR block.
Feature matching is performed by comparing the extracted
feature points with the original featurepoints which are
stored im From workspace block of SIMULINK block
which 15 used to store the values of an image from
MATLAB workspace. The output which comes afier the
feature matching is given as input (o Black Box block (it is
used to interface the HDL code and Xaling system generator
blocks)In this Black box Verilog code is given which is
written manually for the control flow of a palletization
process and simulation is performed for the system model.
A System generator token is added to the whole system
maodel which will serve as a control panel for controlling
panel and simulation parameter. Then the HDL code is
generated by the Svstem generator token according o its
specifications [12].

IV, IMPLEMENTATION OF THE PROPOSED SYSTEM IN S0C
The penerated Verilog code from the MATLAB is

compiled in Xilinx to generate the RTL schematic as shown
in Fig. 7

]
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Figure. 7 RTL schematic
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Then the Werilog code is synthesized by using Design
vision compiler in Synopsys ool to generate RTL Nethst
and to perform the area analysis, timing analysis and power
analysis which is shown in section V. To integrate the
whole system inte SoC wsing 90nm technology, physical
design is performed in Cadence Encounter tool, After the
physical design, chip lavout design and GDS (Graphical
Data System) file will be generated. GDS file is used in
chip fabrication for Real-Time application.

V. RESULTS
A. Simalation rexults in MATLAB:

The featurepoint extraction of input object A, B and
defective B are shown in Fig. 8, 9 and 10 respectively
performed by wsing SIFT algorithm in MATLAB using
Xilinx system generator blocks.

Figure. 8 Featurgpoint extruction of image A

Figure, ¥ Featurepoant Extrcticon of image B
B

Figure, 10 Fenturepoint extraction of image B defective
B. Simulation results i Xilinx:;

Afier the whole system is designed in MATLAB,
Verilog code is generated. Then the penerated Verilog code
is compiled and simulation vesults are observed n Xilinx
software. For inpul image A with angle 0" the output
ohtained is OD=] and stop=1 is shown in Fig. 1 1. For input
image B, the output obtained is PCI=1 and stop=1 is shown
in Fig. 12. For input image B defective, the output obtained
is PC1=1, PC2=] and stop=1 is shown in Fig. 13.
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Figure. |1 Simulaticn result for image A with angle 50"
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Figwre. 13 Simulation result for image B defective
C. Synthesis resulis:

After the simulation of proposed system in Xilinx,
Verilog code is synthesized in design vision compiler by
using Synopsys tool to generate RTL Netlist. Area, power
and timing analysis are performed. RTL MNetlist generation
is shown in Fig. 14 for the proposed system

sift_x

Frgure, 14 RTL Netlhst
Tahle 1 shows the area, fiming and power report of the
total system,

TABLE |
AREA, TiMisG AxD Power BErosY OF THE CHip

Parameter Chip Results
Arca 3T2T
Timing Bpsiclock period)
Power 1 2w

D). Physicel design results:

To integrate the whole system design into SoC physical
design is performed to generate chip layout. In Fig 13
shows the generated chip layout for the whole system.

Figure. 15 Chip layout for the whole svstem design

V1. CoNCLUSIONS

In this paper, the proposed system is designed in
MATLAB using Xilinx System Generator for identification
of quality of the objects for palletization process
Featurepoint extractions of the images are performed by
taking 300x300 pixel size of mput image and simulation
results are performed in Xilinx, Then the whole system
design is swvnthesized by Design vision compiler in
Synopsys tool and RTL Netlist is generated. Physical
design is performed for the proposed system to integrate
into 30C in %0nm technology by using Cadence Encounter
tool, Due o this proposed system the optimized area of
34727pm’ and power of 12mw are obtained.
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Abstract : The main purpose of this paper is to compresses the
speech signal wsing wavelet transform. Psychoacoustics is the
scientific study of sound perception. From the psychoacoustic
paint of view, we have selected Wavelet analysis for the digital
speech compression. Also Wavelet Transform eliminates the
irrelevancies and redundancies present in the speech signal.
The two popoular models of Wavelet Transform for speech
compression are-Filter hank model and Lifting Scheme.Filter
Bank model is also called Subband Filtering model. Both
mislels decompose the speech signal inte approximate and
detailed components, But the lifting scheme is fast compared
to the fliering model. We have tesied some of the lifting
scheme WT algorithms like Haar, Daubechies series, Cohen-
Daubechies and Cohen-Daubechies-Feauvean hidirectionnel
wavelet and have implemented them.

Keywords-  Wavelet  Transform, Psycoacoustics, Speech
compression, Haar wavelet, Daubechies series, Cohen-
Daubechies-Feauvean wavelets.

L. INTRODUCTION

The generation of human speech s very
complicated. It involves lungs, voeal tracts and vocal folds.
The message is formulated in the brain and is converted
into an acoustic signal by vocal tract system. The vocal
tract system is similar (o the electronic parts like power
supply, oscillator and resonator.[2] The structure of  speech
generation contains  lungs, ribeage and abdomimal muscles.
Controlled airstream is produced between the vocal folds
by this combination. From the lungs, the chest cavity
expands and contracts to force air. By opening and closing
of glottis the resistance of the air is changed. Finally a
sound is produced from of the vibration of vocal cords.[2]

The human speech generation system is shown in
Figure 1.

Figure | Ceneration of Human speech

The generation of human speech is analogous to
the electronic circuit as shown in below figure,

Hoisa
Gansralarn
Dugitad filier =
L (ocal tract - Ampifiar
f' Filer)
Pulsa ‘ *
Gianeraior Bimpina LE
Filter coeflicents canrol
* iWaczal tract
parametes)
Piich
aantral

Figure 2 Electronic structure of speech generation

For efficient transmission and storage, we
compress the signal. If the signal is uncompressed, it
requires large memory. Consider the telephone level speech
signal in the range of 300 Hz o 3400 He coded on at 8 bits
per sample, and sampling rate of 8000 samples per second
is defined as an uncompressed speech signal, [5]. This non-
compressed signal requires storage capacity of 28 8Mbytes
for one-hour duration and transmission rate of 64Kbps. The
main idea of speech compression algorithm is to represent
the non-compressed speech with less number of bits and
optimum speech quality. Wavelets are used for the speech
COMPression.

IL. SPFEECH COMPRESSION MODELS

With  modern  telecommumication,  specch
compression plays an important role, Speech compression
is also speech coding. It is the process of indicating digital
speech signal with a small number of bits with the
mormalized  speech  quality and  low  computational
complexity. [1] Also these technigues will remove the
unimpaortant components from the original speech.

The main requirements of the speech compression
algorithms are
1) High compression ratio- The compression ratio gives
memory size and transmission  rate  required  after
COMpPression.
2) Low computational complexity- For real-time encoding
and decoding, to minimize the power and delay coding, the
computational complexity should be minimum.
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3) Limited storage reguirements- Generally the speech
coding algorithms use speech buffers between intermediate
stages. S0 the size of the buffer is low.

4) Floating-point Multiplications- The algorithms require
many numbers of floating-point multiplications. We can
replace floating-point operations with integer operations,

530 Immune to noise- Somehmes notse may distort the
speech signal. Speech compression technique should
control noise,

) Minimum audible distortion-At a given bit rate, the
speech compression algorithm  will provide minimum
audible distortion.

A Waveform Coders

Waveform coders are wsed to represent the speech
signal without underlying the specch model. They use
scalar and vector quantization technigues to represent the
samples of speech signal. [5] Robust than parametric coders
but have the disadvantage of operated at higher data rates
than vocoders [3] Some of wave-coders are discussed
below.

i) G4 Kbps G711 PCM, DPCM and DM

It uses scalar guantization madel, Tt 15 simple, but costly
in terms of data-rates, There are two types of PCMs-
Uniform and Men-uniform. In uniform PCM, the step-size
is fixed irrespective of input speech signal, whereas in non-
uniform PCM, the step size is changed. If the speech is
coded at 64Kbps using p-law  and  A-law  called
‘'uncompressed’ standard (G7.11 standard). This format is
wsed as a reference for different speech compression
technigues,

In DPCM. the difference between  original and
cstimated samples 15 quantized and transmitted, In DM, the
error sample is given to the comparator. If error is positive,
output of the comparator is positive pulse else if error is
negative, output of the comparator is negative pulse. For
data rates at and below 32Kbps, DM and DPCM have better
performance than PCM.

i} 32Kbps G721 CCITT ADPC,

It also uses scalar quantization model, It provides better
guality and less memory compared to original PCM.[7] The
codding of specch is done for 4-hits per sample instead of 8-
bits per sample.

iy Vector Quantizer

In this, the sample space is converted into symbol space
with quantization error and low bit rate. This method is too
difficult o implement, but is vsed in today's fast digital
signal processors.

B. Sub-band and Transform Coders

The Sub-band coder is a waveform coder’s method
in f-domain. [8] At Txr. The speech is passed through an
analysis filter bank and by down-sampling method; the
bandwidth of each sub band of the input speech signal is
reduced. At the Rxr, by up-sampling and synthesis filter
bank, the original speech is retrieved. [9] The structure of
the sub band coder is shown in figure 3.

1 w{y)e] Evode |

*| BFFz il-(_;_:'l' Encodur® | B

BPF16 [ e Encoderts

Analysis
Fitar Hari

AR R oSO

"N @e o omaH

Synthesis filter hank

Figure 3 Sub band coder structure

Transform coder in other hand, a waveform coder in
transform domain. At Txr, by using any of these transform
techniques, DCT,DFT,WHT, WT, the speech signal is
guantized and encoded.[4] At Rxr, it is decoded and inverse
transformed. The structure of transforming coder is shown
below,

ST
Sampimr Cruarti- Unisary Ermuw Siat e
mh ] |"| Trams borm
BEW
[y — Dandar Irvwsirss PCAM
Brman ™ “* tmnsham ™ dacodar L W.:..m

Figure 4 Transform coder struciune

In this coder, the input is processed frame by frame and
eaxch frame is processed by ‘transform’ technique. If s is
speech signal and N is frame length then S is speech after
compression, represented in matrix form as

5=Ts i1
CI T ha ha s hw]| T s
S0 ::|_| ‘: 1 I:_t_‘ (1)
S(2) N o s(2)
S(3)
SMN-1) i | T M SIN-1)
2 'm0 "wa WN| - 2

(2) Equation 2 is called analysis
equation. And s= TS is called synthesis equation.

1I1. WAVELET TRANSFORM

Wavelet is a mathematical function, used to represent
data. Another definition is — wavelet is 'small wave® having
its energy concentrated in the form of time. Any function
can be represented in terms of wavelets similar to Fourier
series. [1] It also provides time and frequency analysis
simulianeously.

Let () s real-time signal and Contimuouws Wavelet
Transform of fit) is given by
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Wa,b)= [ flw*,, ()t

—c

(3

Where "a' & 'b' are variables, g, (t) is wavelet function
and 1s given by

| i—bh
(——1)

Wy =—=—W
i oflal a
4)

The variahle "a’ represents the amount of scaling or
dilation of function and s also called dilation variable. [6]
The variable 'b' represents a time shift or translation of the
function and is also called translational varable,

The inverse wavelet transform is given by

fley= —I,- JJW[fr,betfr,J?kffrdb
17
()

The block diagram of speech compression  using
wavelet is shown below, Firstly, the imput 15 decompressed
using wavelet transform and then small wavelets are
removed by thresholding operator. [4] (Sometimes the
small wavelets represent noise) The coefficients obtained
after the thresholding are encoded. During the
reconstruction, the compressed speech is decompressed
using inverse wavelet transform.

Speach
Warvefied Threshalding Encodar
wi P translorm 1q operatos > A
1]
Raconsiruciad Imverse Wavelal Decada
i‘:"‘:h“"ﬁ“ M ansiom <+ ' "‘
o

Figure 5 Wavebet Speech Compression Bhock Diagram

A Lifting based Algorithms
We nsed some of the lifting based algorithms. Those
are given by

1. Haar Wavelet algorithm
In this algorthm, midally the input samples are
classified into two frames: Even and Odd frames. To get the
A-coefficients, take average of even and odd samples and
then to get the D-coefficients, subtract odd samples from
even. This is explained in figure 6.

— ! A=(data[0-datali)2 Himate
— J, (a0} daf1)2 (- Approrima
data]0].data1] .datafn| i
| Di= dlata]1 |-t Detail
| el ™ oo
Figure & Haar Wavelet algorithm

Inverse transform is obtained by

data[0] = datafo}-data[1}/2
data[1] - data[1] + datafo] i6)

2. COF Wavelet algorithm
It can be done with two methods- using lifting
technigue and using a filter bank technigue. But Lifting
technique is faster than filter bank method. CDF wavelet is
represented by CDF(nf).where n represents primary
wavelet's vanishing moments and n~ represents  dual
wavelet's vanishing moments.
CDF with lifting technique is explained in following
figure 8.

L.
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Figure 7 Steps in Lifting Technigue
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|
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Fl A =l am 1:'-“!'_._,_.1 Laal Lig= F BBk * 0 [k Ak i il

|
v v
[Even n'd samples (dd /4 samples

b= b+ V8l Lip=boggier # W guth g )

gure £ COF Lilting Techniguee

Compared to Haar wavelet, CDF gives more compact
representation of speech.

3, D-Waveler algorithm
D stands for Davbechies. This algorithm provides
a good smoothness and good support of compactiness
compared to the other algorithms, There are 4 stages of
Lifting Daubechies-4,

a) Split stage:
A-vke—hpozx (Even samples) and 1.k + hom. (Oodd samples)

b) Update stage:

A F* =M. e N 3Y 1.k {v?}

¢} Predict stage:
Y =
. . (3. 3-2
Tap & - "'Th-uc—

At ke

(8)
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d) Normalization stage:

-1
Ay l;_—.;— Ak

and Tk ---.-———-11.1_|.;

IV. TEST SETUP FOR YC++

Microsoft Visual C++ is abbreviated as VC++ or
MSVC is an Integrated Development Environment from
Microsoft, Tt is proprietary software and used for C, C++
programming languages. It is used in speech processing,
image and video processing.,

Test set up is prepared m Visual C++ for speech
compression using WT transform. This test setup provides
following facilities for the analysis compared to Matlab.

Selection of wavelet.

Playing speech file.

Select the speech file.

Selection of threshold value.

Selection of block length.

Variation of threshold for lossy compression.
Displaying speech waveform.

Displaying original file size, compressed file size
and compression ratio,

= Also displaying the parameters like signal fo noise
ratie, mean square error, and rool mean Sguare
error  for  companson  between  onginal  and
reconstructed speech file.

Tomsamien BT
e [ Tar e [ = = 5 Al

By w T Mt = L

Empramr e e 4508 o > e S 0310

Compaierflv 375 e | e A
s Fasi mEs

P Fa Gt i | teer| e |_fed | r [

Ji e o |t ] “E* tpard G T i =1

Figuwre @ Teat set up
V. RESULTS

We have implemented the wavelet compression
techniques using vision C++ software. Here, we compare
the compression ratio and quality of speech for various
tvpes of wavelet transform algorithms like Haar, CDF,
cubic lifting method, Daub-4, Daub-8, Davb-16. We have
also measured the statistical parameters of speech quality.
They are-MSE, RMSE, SNR, and mean deviation.

For the Haar transform, the compression ratio and
gpeech quality is shown in the following figure, Simple
algorithm and compression ratio of 3.31 is achieved.

188 227 251 478 104 338 352 472 598 415 4.3—+—WAD
Compemssion rat ]
| ——

Fagure 10 Compression ratio vs speech quality for Haar

For the CDF transform, the compression ratio and
speech quality 15 shown in figure below. Compression ratio
af 4.5 is achieved. [10] If the threshold value is increased,
we can't reconstruct the original speech signal,

6 e —r—— — T
1 1 1 1 1 1 1 1
% 5 : for= - t== -Ir'r .
e e Pt
O I
18 R T Shqes=ped
O O [
04 ' — T T
2,35 5.04 349 180 4.2 448 47 4,02 508 525 5.4 % MAD
Compression ratio L
——MOS

Figure |1 Compression ratio vs Speech quality for CDF

For cubic prediction lifting method, the compression
ratie and speech quality 15 shown below. Here we achieve
the compression ratio of 3.34.Compared to the above two
algorithms, this algorithm got the loss-less compression.

B
5
=
3]
g§371
i2;
1 B
04 ' ' ' ' '
262 358 4.24 4.68 4.96 521 541 559 58 —4—MAD
Comprassion Tatio ~— RM3E
—ie— WIS

I"im.l:ru 12 (;umpn_-usllm ralio vs 5|'|u:|.:h quqii:y for Cubie pmdi-:lim

For Daub-4 wavelet algorithm, compression ratio and
speech quality is given below, The compression ratio of 3.9
is achieved.
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Figure 13 Compression satio va Speech quality for Daub-4

For the Daub-% wavelet algorithm, compression ratio
and speech quality is given below. The compression ratic of
4.2 iz achieved.

283 35 386 411 443 452 472 457 511 528 G4 *MAD |
Composson ratio ~E—PLSE |
—h—MOS

Figure 14 Compression ratio vs Speach quality for Daub-8

For Daub-16, compression ratio of 4.61 is achieved.
Compression ratio and speech quality of this wavelet is
given by

=4 i'

i
=
1
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347 A7 400 43 450 470 485 511 528 |—+—MAD
Comprassion mtin —=— FNBE
& MO

Figure 15 Compression rtio vs Speech quality for Daub-16

Figure 16 Compression satio of varous wavelet algorithms

Compression ratios of different wavelet algorithms like
Haar, CDF, Cubic, Daub-4, %, and 16 are compared in the
figure above.

V1 CONCLUSIONS

It 15 concluded that wavelet based algorithms are the
best for speech compression. We tested and implemented
some of the lifting scheme algorithms like Haar, CDF and
Daub algorithms. They gave best compression ratio and low
computational complexity. The frame size of each wavelet
15 considered as 256 bytes, VO software 15 used. It
selects the wavelet, plavs the speech file, then applies
threshold and finally displays the output specch waveform
with parameters like SNR, MAD, MSE, and RMSE. The
lifting scheme of wavelet transform is very good from the
point of view of computational complexity and loss-less
compression. Some algorithms gave lossy-compression and
sormne gave loss-less compression.
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Abstraci: There has always been a debate over the advantages
of multi-core architecture over single core. It is obvious that
the full advantage of multi-<core can be achieved only if the
programs are run in parallel [Amdahl's law] and the load is
distributed evenly among all the available cores. In this
context, processor or CPU affinity plays a major role in
improving the performance of the svstem where time
constraints are present. But, hard CPU affinity can also
degrade the performance of the system in some scenarios. The
alternative is to dyvnamicallv allocate the CPU core at
application level. This paper studies these two technigues at
application level to assign a particolar CPU core once and
stick to il, or switching amoeng various cores dynamically by
considering CPU usage.

Index Terms—multi-core, CPU affinity, static scheduling,
dynamic load balancing, CPLU utilization

I. INTRODUCTION

To enhance the performance of an embedded system,
multi-core architecture [7,10] is one of the possible
solutions which allows the system 0 process numerous jobs
simultaneously by parallel computation, At the same time
the returm on the investment has been a debating issue, As
Amdahl proved that just by increasing the number of cores,
the processing power can't be multiplied arithmetically, [1]
but it depends on various factors like program
parallelization. Even considering all favorable conditions
for Kemel scheduling for multi-core few more factors
affect the performance of the system.

Linux kernel has been giving significant importance o
multiprocessor architecture [4,9,13,15], Modern operating
systems  provide multi-core  aware  infrastructure  [19],
interrupt  load-balancer, affinity facilities [3]. CPUSETS
[6], and CPU isolation |5]. These functions help running
tasks adapt to system characteristics including SMP
scheduler, synchronization very well by considering CPU
utilization. Still there is enough scope to improve the
performance of the system by providing user level control
o decide a particular process to be run on a pre-defined
CPU core.

'CPU or progessor affinity’ increases the performance of
the system by assigning the process to one particular core,
that avoids cache miss [17,18]). Processor affinity takes
advantage of the fact that some remnants of a process that
Wis FUn on 4 given processor may remain in that processor's
memory state (for example, data in the CPU cache) after
another process is run on that CPLUL Scheduling that process
o execute on the same processor could result in an efficient
use  of process by reducing  performance-degrading

situations such as cache misses [[5]. This approach would
be useful, if the application has multiple-instances and is
non-threaded, such as some graphics-rendering software,

In some applications (particularly Real-Time control
applications) [2], it may be desirable to specifically assign a
task to its own dedicated core. For example, a time critical
task such as a control loop can be implemented in this
manner.[14] This allows the remaining tasks in the system
o share the other processor resources among themselves—
and ensures that nothing interferes with the time critical
process.

On the other hand, there are limitations with CPU
affinity. Most importantly, CPU affinity wastes the CPLU
usage if the task goes in to wait or sleep mode. This
degrades the performance of the system. as once the core
has been assigned, the process can't run after a wait or
sleep unless the assigned core is free.

Load balancing on the cores is an alternative to achieve
better performance. Ulilization of a processor is usually
considered as the criterion in load balance [8], To generate
the maximum balanced load, tasks should be assigned o
the processor core with the lowest utilization [12], Beyond
0% schedulers that try to balance the load,[16] it is
advantageous to provide monitoring and CPU switching at
user level, using system calls within a program. On a Linux
platform, a program in C can achieve this.

I1. METHODOLOGY

This paper 15 based on literature available as mentioned
in the references, as well experimental study on systems
running with Linux operating system. Implementation of
static (CPU affinity) and dynamic process allocation to a
CPU core is done using qTereator GUI and C language in
Linux environment. To give reasonable understanding to
the user, pseudo code is provided, where the original
programs are tried and tested. The examples cited are to
demonstrate the successful running of programs and to
prove the concept. In the real world scenario, the context
and applications may vary widely, thus differ in results,

I IMPLEMENTATION

A, Static Core Axsignment

Static or off line scheduling to achieve process affinity[11]:

A process can be given affinity [18] to a particular CPU
core as per the user choice. This can be controlled by a GUI
built wsing gtCreator, which in turn runs the kernel level
commands to assign the affinity to a particular process, as
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shown in fig 1. Any number of processes can be listed in
the drop down list of the application, and the n numbers of
cores are given as buttons. Whenever the user selects a
particular process from the drop down list and assigns to a
particular core, the process is assigned to that core, System
calls “system” and “taskset” are wsed to achieve processor or
CPU affinity.

=T

&
[
-
-
-
-

Figure 1 quad core with process
Peendo code for task affinity on multi-core:

¢ create four core options as four buttons:

* credate ‘process’ options as dropdown menu items;

e read ‘process’ choice from dropdown menu into
"process name”;

¢ read the ‘core selection’ from button;

+ assign fask on core 'n' using system call: system
("taskset n+1 "process name” &");

#  process’ runs on core '

o update the label on button with “process name”

B. Dynamic Core Assignment

Load balancing on a multi-core system can be achieved
by continually monitoring the leads on various CPU cores
and assign the desired program to the least loaded core. The
proc file system is a pseudo-file system which provides an
interface to kernel data structures. It is commonly mounted
at fproc. Most of it is read-only, but some files allow kernel
variahles to be changed. The PID of the desired process is
read from process stats file of the kernel by tracing the
name of the process, With this, the desired process can be
fetched. The same way the load on ecach CPU core at
current state is read from the kernel data structures and
identified the least loaded core. After these two steps. the
desired process can be assigned to the least loaded core
using the PID of the process and appropriate affinity mask
in the “taskset’ system call.

Proc/stat file contains the CPLU wsage statistics in ASCII
file format. The same can be read into the program and
decode the fields to identify the total CPU usage and idle
time, and also for all the existing cores. Each core details
are given in each line in the file.

In a guad core system, the load balancing program runs
on core {J, while monitoring and assigning the loads to cores
I, 2 and 3. This has heen implemented through an
algorithm as given here.

Simplified load balancing algorithm.

ficheck the process pid of process name from PID list
through /proc
process_pid = getl_pid{"process name");
read file procistat;
read each field using the file pointer;
while cpu count is less than 5
read CPU usage for each core
store the values of CPU core usage data
mcrement count until it reaches number of cores
CPLUx usage = time lapsed between reads - CPUx idle
time
compare the loads o find the least loaded core
# assign the process o this core using taskset -p
lTovwest_load, "process pid”

" & 5 8 8 8 8w

-

]
B
B
¥

o =
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Figure 2 comparizon of CPLU usage

With this, as shown m figure 2 the load balancing
scheduler monitors the load on various CPU  cores
continually, and assigns the desired process with its process
ID to the least loaded core. This ensures that the desired
process can be run continuously without waiting for the
CPU.

IV. Outrur

A, Sratic Core Assignment

GUIT program is run on the svstem, Browser, camera, and
media playver have been given in the drop down list of the
program. Four buttons were provided to select any core
among O to 3. Once Browser was selected and is assigned
o core 1, the browser was switched and continually run on
core 1. The same was checked using top kernel command
from terminal application. Similarly core () was assigned 1o
Camera application. The buttons were also updated with
their number along with the assigned apphication, The glitch
in the video streaming disappearcd after the camera
application had the affinity with core 0. Hence it is proven
that applications which are non- threaded run better with
CPU affinity.
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Flgull.‘ 3 Sratic core Assagnimeit

Figure 3 shows output of Static core assignment of
processes. [t shows browser process is unning on core 1.

B. Dynamic Core Assignment

The main program was compiled vsing gee along with
other source files. Camera application, ‘cheese’ was taken
as the program that should be assigned dynamically to the
least loaded core, The cheese program was launched, and
then the load balancer program ‘task_switch' was also
launched in another terminal. The ‘task-switch’ program
started displaying the loads of various cores, and identified
the least loaded core. Camera application was assigned to
the least loaded core by changing the affinity mask, which
could be either 2, 4, or 8 for core 1. 2, or 3 respectively.

The pericd of monitoring has been taken as three
seconds, and for every three seconds the terminal window
was updated with current load values of all cores, and
affinity mask was also updated accordingly. The same was
checked wsing top command running on another termimal.
The screen shots of the same were given below in figure 4.
All the cores were used efficiently with fine load balancing.

Figure 4 Dynamic Core Assignment
V. CONCLUSIONS

This paper tried to towch couple of enormous
possibilities to achieve optimal performance of a system,
bevond O35 kernel level scheduling. Also demonstrated that
the programs at application level may be used to enhance
efficiency of scheduling further using various monitoring
techniques and assignment methods. Further, considering
static and dynamic core assignments, to get the best of the
both worlds, an algorithm can be developed 0 mix them,

and achieve in a single program, giving the user the control
to run the program.
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Abstrace: Ubiguitous software has become an indispensable
technology for science, engineering, and business, Software is
everywhere, as a standalone system, or part of 3 new
technology, or as a service in the clowd. Hence, it has
paramount importance, As size and complexity of soltware
systemis are increasing, software engineering problems such as
software effort estimation, software testing, software defect
prediction, software project scheduling, software reliability
maximization, software moduole clostering, and software
maintenance have become more difficult to handle. In order to
reduce the high cost of performing software engineering
activities and to increase software quality and reliability,
computational intelligence technigues are being used for
problem solving wsing research oriented approaches and for
decision-support. Computational intelligence has been used in
different fields for a long time. There has been a recent surge
in interest in the application of computational intelligence
technigues in software engineering. Search based sollware
engineering and machine learning for software engineering
are the areas of computational intellipence research which
have been showing promising resulls in this context. Search
hazsed software engineering reformulates software engineering
problems as  optimisation  problems, and then using
optimisation alporithms  problems are  solved.  Software
engineering produces lot of data related to software, like effort
estimates, source code, test cases, data on bugs and fixes,
version data, and metrics data. As part of analytics on
software data, machine learning technigues are used o solve
some software engineering problems and for effective decision
making. The objective of this survey paper is to identify
software  enginecring  problems and  applications  of
computational intelligence technigues to solve those problems,
In survey, computational intelligence applications for solving
different software engineering problems are identified and
presemted. In this paper, some research guestions which
indicate research directions and some possible research topics
are presemted. New research issues and challenges posed by
the hard problems in soliware engineering could stimulate
further development of new theories and algorithms in
computational intelligence.

Index Terms - Computational Intelligpence, Soltware
Engineering Prohlems, Search Based Software Engineering,
Optimisation Techniques, Machine Learning, Software Data
Analytics.

I. INTRODUCTION

As size and complexity of software systems are
increasing, software engincering problems have become
more difficult o handle. In order to increase software
reliability and to reduce the high cost of performing

software enginecring tasks, computational intelligence
techniques and algorithms are being wsed as problem
solving,  decision-support,  and  research  oriented
approaches. As per the definition in [1], “*Computational
intelligence is the study of adaptive mechanisms to enable
or facilitate intelligent behavior in complex and changing
environments.  As  such,  computational  intelligence
combines  artificial  neural  networks,  evolutionary
computing, swarm intelligence and  fuzey  systems™,
Software sizes are becoming bigger. The complexity of
software is increasing with size non-linearly, and in
addition, software complexity further increasing as it is
changing very rapidly to keep pace with changing user
business dynamics and needs. [Increased software
complexity  poses  many  problems,  Computational
intelligence is the appropriate vehicle o address software
problems, In this paper, two areas of computational
intelligence  which are showing promising results in
software engineering are considered for review, They are:
11 *“Search-Based Software Engineering” (SBSE) 2)
Machine Learning for Software Engineering. “Search-
Based Software Engineering (SBSE)" [5] reformulates
software engineering problems as optimisation problems.
These reformulated problems are solved vsing optimisation
algorithms. Some of the software engineering problems
which can be reformulated as optimization problems are; 1)
software project scheduling with an aim to minimize cost
and time of completion of different tasks, 2) test case
design with an aim to maximize code coverage and bug
detection, 3) test case design with an aim to minimize
testing effort and maximize bug detection. 4) during
starting of an iteration in WinWin spiral model identifying
set of requirements maximizing user satisfaction and
prohability of completion in given time and cost. Similarly,
many more problems with different optimization criteria
can be reformulated as optimization problems, Some of the
search based optimisation techniques which are being vsed
are: 1) Genetic programming 2) Genetic algorithms 3) Ant
colonies 4) Particle swarm optimization 5) Hill climbing 6)
Simulated annealing.

As per the definition in [2], “machine learning deals
with the issue of how to build programs that improve their
performance at some fask through experience”. Software
systems process data, but software is data wo [3]. Software
engineering activities and different stake holders produce
lot of data related to software. Machine learning makes use
of software data to create machine learning models to solve
software engineering problems. Some of the software
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engineering problems which can be addressed by machine
learning models are; 1) predicting effort for the next project
based on machine learning model, which is created using
the data from previous completed projects, 2) predicting
project duration for the next project based on machine
leaming model, which is created using the data from
previous completed projects, 3) software defect prediction
can be made using the defect prediction models created
using previous versions of software,

Major types of machine learning include: decision trees,
concept learning, artificial newral networks, reinforcement
learning, Bayesian belief networks, genetic programming
and genetic  algorithms,  instance-based  leaming, and
analytical leaming.

Some problems can be viewed either as optimization or
maching learning problem. For example, test case design
can be viewed as an optimization or machine learning
problem. That is where research comes into picture to
figure out which approach and technigue is better.

The aim of this paper is to carry out basic survey (not
exhaustive survey) to find research openings in the context
of application of computational intelligence techniques in
software engineering.

M. SOFTWARE ENGINEERING PROBLEMS AND
SOFTWARE DATA

An iteration in a software development model consists
following activities (phases):

1. Software reguirements collection, specification and
planning  phase, 2. Design phase
3. Implementation and testing phase

The maintenance activity takes place in parallel with
development. While next version is under development
previous deployed versions will be under maintenance.
Some problems which are encountered frequentdy are
identified and listed out in this paper. Some of the problems
which are encountered during software engineering are
identified by different authors in [3], [4], [53], [6]. [T].
[BLI9LOI0LINT], They are categorized and listed below;

A. Software Engineering Problems

1. Software requirements collection, specification and
planning phase:
« Eliciting, recording of all functions and constraints
« Ambiguity, completeness, conflicts in reguirements,
prowlyping, regquirements tracing
o Cost and time estimation for the project
« Tasks, dependencies, duration, resources for the
project
2. Design phase:
s High-level (architectural)
problems, modularity, coupling
+ Low-level (detailed) - algorithms
complexity of modules, cohesion
« Design  alternatives, inconsisiencies in soflware
design

architectural design

selection,

3. Implementation and testing phase:

« Software reuse

+ Source code searching

« [ntegration method, defect prediction

o Test case generation, test case prioritization

« Prediction of test effectiveness

» Bug management/triage, debugging
4 Maintenance phase:

= Software understanding and comprehension
Impact analysis, ripple effects during changes
Regression testing
Automatic software repair, quality enhancement
Reengineering legacy software, software module
clustering
5. Problems related to umbrella activities:

« Configuration management

« Prediction of software guality and reliability

= Classification of software components

B, Software Data

Lot of data are generated during software development and
mantenance. (wver the time from different projects the data
populate databases in the range of wrabyvies and more. Data
refated 1o software are listed below,

Source code, data on versions, code analysis data
Test cases designed, test execution data

Data on bugs and fixes

Metrics data on size, design, code, testing, project,
process, and maintenance

Cost and schedule data

» Usage and run time data of deploved software

+ User feed back

. COMPUTATIONAL INTELLIGENCE TECHNIQUES To
S0OLVE SOFTWARE ENGINEERING PROBLEMS

Im this section computational intelligence technigues which
are applied o software engineering problems are surveyed
and presented. The survey is not exhavstive, This survey
gives basis for further refinement in the subsequent work.,

A, Solving Software Engineering Problems with
Cptimization Technigues (SB5E)

“Search based software engineering” reformulates
software engineering problems as optimization problems.
The problems and optimization technigues are discussed in
detail i [4L[5LIRLI9LIIZ]. The optimization fechnigues
are used by different researchers in solving different
software  engineering  problems,  Simulated  annealing
approach is used in solving many problems like improving
software quality prediction[13], next release problem [14],
program  flaw  finding[15]. Genetic  programming
applications can be found in software cost predictive
maodeling [16], in reliability modeling[17], and in model for
software  quality enhancement[18]. Software release
planning [19] and software test data generation [20] are
solved by genetic algorithms. Hill climbing technigque is
used to improve program structure by module clustering
[21]. Hill chmbing techmque and genctic algorithm are
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applied for regression test case prioritization [22]. Software
madularization wsing hill climbing, simulated annealing,
and genetic algorithm is presented in [23],[24]. “Search
based software engineering techmiques”™ use metrics as
fitness functions in one form or the other [25]. Proposing
new metrics for using in optimization technigues is also an
important research area. There is little work on the
combinations of search algorithms [26]. Research on
exploring the potential of combinations of search
algorithms has lot of scope. Bug detection using particle
swarm  optimization is  given in [27]. Ant colony
optimization  techniques [28] and particle swarm
optimization [29] technigques have potential o be used in
solving software enginesring problems and have not been
used much in the literature, In addition to the papers listed
out in this section, interested researcher on SBSE can look
into the repository of papers on SBSE maintained by
Y. Zhang [49].

B, Solving Software Engineering Problems with Machine
Learning Technigues

Application of machine leamning 1 the context of
software engineering are discussed in [6], [7], [10]. [L1].
Solutions to different software engineering problems using
machine learning techniques are attempted by many
researchers. Instance based learning is used in component
retrieval and reuse [6] and software project effont
estimation [30]. Genetic programming is applied for
understanding and validating wser software requirements
[31]. One of the supervised learning methods, “concept
learning™, 18 used (o derive functional requirements from
legacy software [6], To predict effort reguired for software
development, artificial neural networks & decision trees
[32], bavesian analysis [33], artificial newral networks &
naive baves classifier [34], and artificial newral networks
[35] are applied and results are presented. For predicting
software defects bayesian belief networks have found
applications [36], [37]. [6]. Detecting bad aspects of code
and design are important. Because, it enables refactoring, to
improve quality of code and design. Bayesian approach is
wsed in detecting design and code smells [38]. Overview on
technigques based on machine learming used for software
engineering is given in [39]. Even though there is active
research happening in machine learning applications in
software engineering, more research is possible as machine
learning has the potential [40].

IV. IMSCUSSION AND RESEARCH DIRECTIONS (N
COMPUTATIONAL INTELLIGENCE APPLICATIONS IN
SOFTWARE ENGINEERING

Standalone software, distributed software, or software
as a service in the clowd need to be designed, coded, and
tested before deployment. As part of evelution and
maintenance  (corrective,  perfective, adaptive, and
preventive) software is changed. During change software is
not available for use. Change is applicable to all the above
mentioned  types of software. The computational
intelligence technigques and research directions presented in

this paper are applicable to standalone, distributed and
clond software as service.

The application of computational intelligence
techniques in software engineering started more recently.
Diversity, size and complexity of software systems are
increasing, In addition, due to frequent changes o software
systems to keep pace with changing wser business
requirements and personal needs, the software systems are
getting deteriorated and becoming complex. Due to this
scenario, the earlier easily solvable software engineering
problems have now become more challenging. To address
software  engineering  problems, researchers  started
exploring the application of computational intelligence
technigues, Survey indicates results are encouraging and
there is lot of potential in further research in this area,
Computational intelligence techniques are grovped under
two headings. They are: optimization techniques and
machine learning technigques. Optimization technigues and
machine learning techniques are listed in introduction
section. Some techniques are wsed as oplimization and
machine learning technigues. Similarly, some problems can
be viewed either as optimization or machine learning
problem. For example, project estimates can be viewed as
an optimization or machine learning problem. That 15 where
research comes into picture to figure out which approach
and technigue is better. Some problems which are
encountered frequently are identified and listed out in this

paper.

A. Research Divections in Software Data Analvtics

There are many research questions that need to be
addressed  related  to software  data analytics, These
guestions indicate the scope for research work in those
lines. Some of them are listed below.

« What data and how to analyse the data to address a
particular software engineering praoblem?

« How o integrate heterogeneous data? Much of the
software data is wnstructured, while some data is
stored in structured format [3].

« Which algorithm is better for data analysis? Do we
need to design a new algorithm for a particular
situation?

« How to customize existing algorithms to suite to
the data, problem and situation?

B. Some of the More Specific Possible Research Topicy in
the Caregory of Software Data Analytics

1} Project cost and time estimation. Design and wse of
hybrid models to predict estimates.

1) Building machine learning models wsing metrics data
and predict the defects and design quality for the
software that 15 going to be deployed, Prediction will
help to know whether further testing is required or not,

1) Building machine learning models wsing source code
and source code analysis data to design test cases and
prioritizing test cases.

4) Building machine learning models using source code
and source code analysis data for automatic bug repair.
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3) Building machine learning models using coupling data
to predict regression testing effort. Prediction will help
o make decision whether change can be implemented
or it has to be deferred.

6) Building machine learning models for software testing
[407].

71 Bulding machine learning models using bug data for
defect prediction.

%) Building machine learning models using version data to
predict software maturity index.

Research on software data analytics requires software data,
But, from where to get the data. There are some oplions
available, They are:

1) Use software data from reliable public domain sites
contributed by research groups.

Example: hitp:/promisedata org/repository  [41] and
other repositories [42].

2) Lot of software data are available from the sites of
standard open source tools,

Example; Software data on different plug-ins to eclipse

3) Data published in research papers and text books.
Example: COCOMO database containing 63 projects
published in Boehm's text book [43].

4) Create small programs with problems and parameters
related to your research interest. Research findings
based on small size programs need w be justified that
results are in fact applicable to higger size programs
(scalability),

5) Use synthetic data. Synthetic data are “any production
data applicable to a given situation that are not
obtained by direct measurement” according to the
McGraw-Hill Dictionary of Scientific and Technical
Terms. Synthetic data are generated to meet specific
needs or certain conditions. This can be useful when
designing any type of technique, algorithm, or a
methid, becavse the synthetic data are wsed as a
simulation or as a theoretical valoe, situation, ele,

C. Research Directions in the Application of
Optimization Technigues

There are many research questions that need o be
addressed related to solving software problems using
optimization  techniques  (“Search Based Software
Engineering™). These guestions indicate the scope for
research work in those lines. Some of them are listed
below.

+« What are the benefits of solving a software
engineering problem using optimization technigques?
Can the benefits be quantified? For example: Test
case design o maximize code coverage. It should be
quantified to indicate how much extra code coverage
is achieved by wsing optimization techniques over
traditional technigues.

« For a particular optimization criterion or criteria
which algorithms perform better? Why?

« Can we customize the algorithms for better resulis?

« Can we propose new metrics which can be input for
existing optimization techniques for solving a
problem? How these metrics are different?

« Can we create an hybrid algorithm (from existing
algorithms)? But, why?

« Can we identify a new problem to which existing
optimization techniques can be applied?

= In solving a problem, use of optimization techniques
versus machine learning models (Software data
analytics). Why the results are not same? Justify.

0, Some of the More Specific Possible Research Topics  in
the Category of Application of Optimization Technigues in
Software Engineering

1) Modular design (clustering) with an aim to reduce
change propagation due to ripple effects during
maintenance and regression testing.

2 Modular design with an aim to maximize cohesion and
minimize  coupling.  Application of search  based
optimization techniques in design can be found in [44].

¥ Refactoring software design during an iteration in a
sprint of scrum agile process model with an aim to
reduce coupling and to increase cohesion. Refactoring
using SBSE is presented in [45].

4) Test case design for scrum agile process with an aim to
reduce testing time.

5) Test case design with an aim (0 maximize code
coverage and bug detection,

61 Test case design with an aim to maximize bug detection
and minimize testing effort. Some work on test case
design is given in [46].

7) Prioritising the test cases with an aim to reduce testing
effort with same bug coverage. Recent work on
prioritizing test cases can be found in [47].

81 Test case design to detect critical defects [48].

Q) Debugging with an aim o minimize the time 1o locale
the cause for the bug, Code, cohesion and coupling
metrics can be used for this purpose,

10 Reengineer the software with an aim to minimize
coupling and maximize cohesion.

I1)¥ersion management with an aim to  minimize
redundancy and retrieval time of a required component.

12) During reuse, aiming to identify and retrieve most
appropriate component for a given situation.

|3 Mode]l based testing with an aim 10 maximize the
likelthowod of early detection of defects and estimation
of software testing effort,

For carrying out research using optimization techniques
in software engineering requires software (program) as
input. This program can be developed for research purpose
or any free open source wol can be downloaded.

Computational Intelligence initial subjects of interest
are; fuzzy systems, neural networks,  evolutionary
computation, and swarm intelligence. But, different authors
of research papers treat computational intelligence as an
umbrella, under which more and more algorithms,
technigues, and methods are slowly added, as advancement
is taking place as part of basic research and applied

80 CVR College of Engineering



ISSN 2277 - 3916

CVR Journal of Science and Technology, Volume 11, December 20016

research. That is how computational intelligence subjects of
interast have growi.

V. CONCLUSIONS

The software engingering problems which can be addressed
by computational intelligence are identified from differem
publications, Some of them are; software effort estimation,
software testing. software defect prediction, software
project  scheduling, software  reliability maximization,
software module clustering, and software maintenance.
Different computational intelligence techniques which can
be used to solve some of the software engineering problems
are surveyed and given. As size and complexity of soltware
syslems are increasing, software engineering problems have
become more difficult to handle. In this context, based on
the survey, it is found that computational intelligence
technigques which include optimization techniques and
software data analytics play a significant role in solving
software engineering problems and developing high quality
software products with low maintenance cost. Based on the
survey, some research questions and research topics related
to software data analytics and application of optimization
technigues (o software engineering problems are identified
and presented. Research topics indicate  computational
mtelligence in software engincering and its data has
tremendous scope for aspiring researchers.

Detailed research directions for software in the cloud
will be presented in future work. Some of the research
directions in this context are: virtualization, multi-tenant
modeling, testing as a service (Taa%), design of cloud
services user interface, design of clowd computing metrics,
performance testing of SaaS, security testing of Saa8, and
architectures for dynamic scalability.
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Abstract: Clond Computing is a tvpe of service based
computing or utility computing. Our ohjective is to develop an
effective load balancing algorithm wsing hungarian method to
minimize response time and to increase the resource
uiilization. Load balancing in cloud need to consider the
allocation of virtual machine and scheduling tasks on the
virtual machine depending on various client and application
given ohjectives. Hungarian method is a kind of assignment
problem which works efficiently for static assipnments. We
are extending hungarian algorithm to work efficiently in
dynamic environment like cloud. The availability status and
load on each virtual machine are to be updated periodically
and assigning tasks dynamicallv.

Index Terms-- cloud computing, load halancing, tasks, virtual
machine( VM) hungarian method.

L INTRODUCTION

A Cloud can be considered as an enormous collection of
resources, Cloud computing is providing casy accessibility
for required services and users can also deploy applications
at competitive costs. Large data centers provide services
through various cloud platforms. Cloud computing provides
services at infrastructure level are called as infrastructure as
A SErvice.

The cloud service provider (C5P) makes on demand
provisioning of hardware like processing power, IO, large
amounts of storage ete,Users accesses the services of cloud
through a wvirtual machine, where number of virtual
machines share a single physical server. Cloud computing
provides a service oriented platform for cloud users.

The following cloud architecture is a three tier architecture
where the number of clients are conneted to the data
center{ DBServer). Here the data center is the collection of
host machines. The clients are sending their requests
through client machines or virtual machines, The estimated
cost to process the requests depends on the processing
power of the data center and how the requests are scheduled
s0 that the load on each virtual machine is distributed
evenly to avoid delay and improve throughput.

Figure 1. Three tier clowd architecture

A Load balancing in clowd

The load balancing in cloud computing is dynamic ie
clond cannot rely on the prior knowledge whereas it takes
into account run-time statistics. It is complex o maintain
the stability of processing so many jobs i the cloud
computing  environment, The clowsd provider installs
heterogeneous resources, The resources are flexible to users
in dynamic environment. In this scenario the requirements
of the users are granted flexibility (i.e. they may change at
run-time). Algorithm proposed to achieve load balancing in
dynamic environment can easily adapt to run time changes
in load. Dynamic environment is difficult to be simulated
but is highly adaptable with clowd computing environment,
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Figure 2. load balancing in cloud

Figure 2 shows the load balancing in cloud where the
load balancer schedules tasks{cloudlets) to the
corresponding  virtual machines(VM-1_.VM-n) using the
appropriate algorithm such that the cost of the processing
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should be minimized and servicing the number of users
should be maximized. Here the virtual machine manager is
responsible to allocate and monitor  the virtual machines.
Data center controller is processing the tasks(cloudlets)
using the load balancer algorithm, In designing this paper
the optimum load balancing algorithm to minimize the cost
is discussed.

Il. RELATED WORK

A. Cloud Service Scheduling

Scheduling of cloud services can be categorized at user
level and system level, User level scheduling deals with
problems raised by service provision between providers and
customers. The system level scheduling handles resource
management within data center. Data center consists of
many physical machines. Millions of tasks from users are
received and assignment of these tasks to physical machine
15 done at data center. This assignment or scheduling
significantly impacts the performance of clowd, In addition
to system utilization, other requirements like QoS, SLA,
respurce sharing, fault tolerance. reliability, real time
satisfaction etc, should be taken into consideration.

B. User Level Scheduling

Market-based and auction-based schedulers are suitable for
regulating the supply and demand of cloud resources,
Market based resource allocation is effective in cloud
computing environment where resources are virtualized and
delivercd to user as a service. Service provisioning in
Clouds is based on Service Level Agreements (SLA). SLA
represents a contract signed between the customer and the
service provider stating the terms of the agreement
including  non-functional  requirements of the service
specified as Quality of Service (QoS), obligations, and
penalties in case of agreement violations, Thus there 35 a
need for scheduling strategies considering multiple SLA
parameters and cfficient allocation of resources, The focus
of model is to provide fair deal to the users and consumers,
enhanced quality of service as well as generation of optimal
revenue.

C. Svstem Level Scheduling

System level scheduling is scheduling virtual machines to
the corresponding physical machines. While scheduling
virtual machines, the scheduler needs to consider the
capacity of each physical machine and some threshold
value must be chosen for each physical machine depending
om the capacity. The load of each physical machine must be
updated for every assignment and when the load reaches the
threshold  value, The migration or transfer of  virtual
machines must take place. The transfer may be static or
dynamic. Static transfer considers the transfer of volume
only where as dynamic transfer has to consider the state of
virtual machine along with volume. Downtime of virtual
machine 1 important to be considered to improve the
performance of clowd. Dynamic transfer is complex o

implement with no or less downtime but static transfer
have more downtime. This needs to be considered in server
scheduling.

I MATHEMATICAL MODEL
A, Hungarian Method

The Hungarian method is a combinatorial optimization
algorithm which was developed and published by Harold
Kuhn i 1955, This method was orgimally invented for the
best assignment of a set of persons to a set of jobs, It is a
special case of the transportation problem. The algorithm
finds an optimal assignment for a given “n x n” cost matrix.
Assignment problems deal with the guestion how to assign
n items (e.g., jobs) (o n machines {or workers) in the best
possible way [...]. Mathematically an assignment is nothing
bt a bijective mapping of a himte set into sell [L. ]

The Hungarian algorithm can alse be wsed for a
maximization problem in which case we first have to
transform the matrix. For example a company wants to
assign different workers to different machines. Each worker
is more or less efficient with each machine, The efficiency
can be defined as profit. Higher the number, is higher the
profit,

For Solving the assignment problem create one table based
on the value of data, we call it as cost matrix. With the
determined optimal solution we can compute the maximal
profil.

- Worker] => Machine2 - 9

- Worker2 == Machined - 11

- Workerd => Machine3 - 13

- Workerd => Machinel - 7
Steps

1. Find the minimum from each row and subtract the
minimum from all the rows.

2. Find the minimum from each row and subtract the
minimum from all the rows.

3. Assign one zero ("07) to each row and column.

3. Cover all zeros with a minimum number of lines.

4. Create additional zeros if required.

5. Map all zeroes then this will give the minimum cost.

Existing work was using balanced assignment i.e the
assignment was square matrix, the number of sources and
destinations are equal. This type of assignment problems
can be considered as balanced assignment. This can be
represented as a square matrix, but in cloud environment
this may not work as the cloud is servicing number of
requests with minimum resources compared o the requests.
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The following table gives the general Hungarian
assignment, where number of tasks{souces) are equal to the
virtual machines(destinations) so that this can be
represented as a square matrix. The servicing time is
represented as the cost matrix,

B. Hungarian Method for load balancing in clowd

Load balancing problem can be represented as a two
dimensional cost matrix, Resources are represented in a
column and tasks who need resources are represent in a
row.

The hungarian method can be used for assignment of
tasks o wirtual machines. Based on the virtual machine's
current load and capacity the tasks are to be assigned to the
corresponding virtwal machines dyvnamically. Whenever the
cost matrix of an assignment problem is nol a square
matrix, that is, whenever the number of sources is not egual
to the number of destinations, the assignment problem is
called an unbalanced assignment problem. In such
problems, dummy rows (or columns) are added in the
matrix so as to complete it to form a square matrix. The
dummy rows or columns will contain all costs elements as
PEIOES,

Periodically checking the availability and load on each
virtual machine by a load balancing algorithm then assigns
the tasks to the comresponding virtual machine if its capacity
15 more than the required capacity to process the request
and its availability status is free.

repeat |

Step 1: Imitialize the capacity(VC[i]) of each wvirtual
machine(VM),
VC[i] = VM Capacity in MIPS

Step 2 : Initialize the Length of each Task
TLIj| = Length of Request in M1
of each

Step 3t Initialize the availahility status

Vi=available, Vmy[ilomme

Step 4: Find Execution Time for each Request to VM if
VM, [1]=available
Ex_Timeli][j]= TL[jI'¥C[i] Seconds

Step 5 : Construct Expected Cost Matrix ECM[V R]

Step 6 : Find out Mimimum Execution Time from each row
and subtract it from entire row,

Step 7 : Find out Minimum Execution Time from each
column and subtract it from entire column.

Step 8 : Cover all zeroes with minimum number of lines.
If, No.of zero = number of resources then go to step 9,
Else, go to siep 8.

Step ¥ : Find minimum value which is not covered by any
row and column and Subteact it from wncovered row and
add it from value which is twice covered by line.

Step I : This matrix and original matrix are © be
compared  and  choose  best  resources(VM)  for  the
assignment of tasks and vpdate the assignment status of
VM as busy.

} until there is no job left unassigned
Step 11: The above process should be repeated infinitely,

As the cloud is providing service based computing for n
number of users for all the time until there is no resource
available, but ideally the resource must be available all the
time as the cloud 5 a collection of enormows pool of
resorces as per definition. And once after the request is
serviced again the availability status of the virtual machine
must be updated to be available. so the load balancer
algorithm should wpdate the availability status and load on
each resource | virtual macine) periodically.

IV. IMPLEMENTATION AND RESULTS
When we apply the above algorithm on the test data it

shows the following results.

Steps 18&2: According o the considered capacities and task
lengths, the following assignments were taken

VM capacity (MIPS) Task LengthiMI)
120 9000
150 8000
180 6000
200 5000

Steps 3&4: According to the cstimated cxecution times
calculated on the comesponding virtual machines . The
following Execution time matrix is formed. Here there are
four tasks and three vims, so it is an unbalanced assignment

Task/¥M | Taskl | Task2 = Task3 Taskd
WM | 30 | 40 | 50 | 40
W2 | 40 | 30 25 .
WM 3 4y 5 45 44

Step 50 Add a dummy row as the number of

resources( W Ms) are less than the number of Tasks o be
processed

Step & Now Apply Hungarian for finding optimum
assignment, subtract min cost value from cach row,
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Task/iVM Taskl Task2 Task3 Taskd
VMI 0 12 6 16
VM2 s 5 0 8
VM3 0 5 18 T
Dummy VM 0 0 0 0

Step 7 @ Here column wise reduction is not required as each
column containg zero, draw minimum number of lines W
draw all zeroes.

Task/'VIM Taskl Task2 Task3 Task4
VMI 0 12 6 16
VM2 15 5 0 '8
VM3 0 5 18 It
Dummy VM |0 0 0 0

Step & Number of lines !=order of the matrix, Hence not
optimal, again choose minimum for uncovered elements

Step 9: Here it is 5, subtract 5 from all uncovered elements

Task/VM | Taskl Task2 Task3 Task4
WM 0 T 1 11
W2 10 0 { 3
W3 0 0 13 G
Dumnmy | (0 0 0 0

Wi

Step 10: Cover all zeroes with minimum number of ling
Step 11: Number of resources=Number of lines, Then

compare this matrix with original matrix and choose
optimal assignment

. Tasks

Taskl Task2 |Task3
VMI I 42 (36 46
VM2 40 (30 |28 |m;
VM3 0 35 48 4]
Dummy VM 0 o |0 0

According to hungarian methods the above assignment
gives the optimum assignment so that the overall cost can
be minimized.

¥, CONCLUSIONS

Thiz work s applying the hungarian algorithm for load
balancing in clowd environment. As the cloud resources ane
dynamic in nature and tasks are also dynamic, the existing
hungarian algorithm is extended by adding availability
status for each resource periodically and the available
resources may not be equal to the required tasks to be
completed so the problem can be formulated as unbalanced
assignment..  In  this  algorithm  expected  cost
matrices(ECM) are generated and based on the resulis of
the hungarian algorithm the load balancer knows about
which task have w schedule by which VM. Here the
prioritics of tasks are not considered.  Using extended
hungarian method we can allocate resources dynamically
for huge amount of tasks dynamically and also the
hungarian method is simple to implement and works in
balanced as well as in unbalanced conditions.
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Abstract: The speed of single processors is limited by the speed
of light or speed of electron. Hence, processor manufaciurers
are packing multiple low speed processors or cores on o the
same chip which are called multi-core processors. The number
of processors on single chip is graduoally increasing. Though
miulli-core processors are similar 1o Symmeteie  Multi-
Processors (SMP), there are notable differences between them
like shared last level cache. Operating systems consider these
multi-core processors as SMP, and apply the suitable methods
for task-scheduling and load balancing. But these sirategies
cannot fully explore the details of muolti-core processors. The
software also must be written to take the advantage of these
multi-core processors. In this context, wser level runtime
systems evolved with a task as primitive concurrency
construct. These tasks created by the program doring runtime
are added to the queues at user level runtime.

I this paper, we analyze the performance of various user level
fuenes and their contention osing Java.

Index Terms—Concurrency, Task, Work stealing, Centralized
gquene, Multi quene Double ended queve.

I. INTRODUCTION

The goal of parallelism is to maximally exploit the
number of CPU cores present at hardware level, The goals
of parallelism are:

* Increasing throughput
Reduce latency
Reduce power consumption
Scale depending on number of cores (CPUs).
Prevent loss of data locality.

& & & =

Since the operating systems consider multi  core
processors as SMPs, the wser level scheduler has o take
care of scheduling the tasks created by the user 1o schedule
in an optimal fashion [1]. The common practice by popular
operating syvstems in case of multiprocessors is maintaining
a single quese or multiple gueues per processor. The
processes of threads get added to these gueues dynamically
during the runtime and are scheduled on to the CPUs. Rear
end of the queue is used for adding work load and front end
of the guewe is used for popping the work load and be
executed. But the smallest execution unit in operating
systems like Linux is a process or a thread ( in Linux,
process  amd  thread are  created  wsing  fork()  and
pthread_created) respectively). But both of these calls
involve clone() system call of kermnel. Using clone system
call involves much overhead making it heavy weight
Though thread creation is of less overhead than a process

creation overhead, it is still considerable load on
performance involving:
e system call overhead involving trap
* kernel level data-structure access on  every
OpeEration.

Because of the above mentioned disadvantages of native
thread API, modem approach of parallel programming
rmuntime systems evolved from kernel level to user level.

These wser level runtime systems are popular and
became a De-facto standard for parallel programming [1].
Popular parallel runtimes such as Open MP, Cilk and TEB
follow this approach for their runtime implermentation.
These runtime systems introduce a new scheduling entity
called rask which is considered 1o be even lighter in weight
than thread since il is completely maintained at user level,

These runtime svstems, provide APT calls to create and
maintain tasks., The programmer has to follow a sequence
of APL calls to implement parallel programs.

L. init(}:Initialize the runtime

2. spawnTask(): Create tasks where ever parallel
activity is to be done

3. join():Wait for the tasks to complete.

4,  released) Free the runtime.

inif(): During the initialization of wvser level runtime
system, 4 pool of native threads(pthread on Linux) is
created and a single queue or multiple queves are created.
These threads which get created during initialization of
runtime are called worker threads or workers. Since it being
a one time duty, during the initialization of runtime, every
time a parallel execution entity is to be created, we need not
enter the kernel level

spawnTaski): spawning a task allocates enough memory
for task body and its parameters and this task object is
added to the queue,

Jainf): All coarse grain or fine grain tasks have to wait
until all the remaining tasks of that level have been
completed at the joining points.

releasef b It is the last call to the runtime which does join
operation on native threads of thread pool and deallocation
of guewe objects which were created during the init().

In this paper, our focus is on studying the impact of the
guewne data structures which are used by worker threads o
quene  the tasks created by the programmer. We
implemented three tvpes of quevcs;

&  Centralized or single queus
*  Multiple queves withowt work stealing
= Multiple quenss with work stealing
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In this paper, the load balancing strategies are
implemented and evaluated their performance by using a
Matrix multiplication henchmark. To the best of our
knowledge this is not ever studied in previous literature,
Section [T describes various types of queues wsed in user
level runtime systems.  Section Il describes  the
experimental setup and result analysis,

IL TyrEs OF LOAD BALANCING QUELES

A. Single Quene

In this approach, during the initialization of runtime
system, a single global queue data structure is created. This
global gueue is responsible for queuing the tasks created
using taskSpawn(). This global queve is shared among all
worker threads. Every worker thread is bound to a hardware
level core or processor. If hyper threading is enabled at
BIOS setup, the number of worker threads can be egual to
the number of hyper threads, All these worker threads
attempt o perform a dequese operation on this global
gquene to zel a task object when a worker becomes
available, Once it is successful in degueue operation a
worker gets a task object and worker invokes its task body
execution on its associated core.

Single queue approach is the simplest mechanism of
implementing user level runtime system. When a worker
thread is ready to execute a task, it atempts to dequeue a
task from the global guese. This operation is a critical
section and the worker must acquire a lock before this
operation and release the lock after the operation. But it
may suffer from the following disadvantages which may
effect the overall performance of the parallel application.

Cenral queus
¥ i i [
1 !Ler le=eel warkes threads
st will
Eemed
|
Core @ Core 1 Core 2 Cone 3 |
|
A e

Figure 1: Centralized Quene Architecture

= Since all workers access a single queue worker
threads may suffer from contention.

s [t being a centralized approach, if worker threads
become available at same instance, they have to
compete to access the global quene. This may
effect overall throughput of parallel task.

s locality of the gquewe wmay cause cache
performance isolation problem and false sharing.

B Multi Quewe

To overcome the main disadvantage of single queue
approach, if a separate gueuve is associated with every
worker thread, that is multi gquewse approach. Hence it is the
first step for distributed load balancing. The tasks created
by the programmer are added to separate queues associated
with individual worker threads [2]. This approach
guarantees transparent load balancing with the constraint
that all the tasks are of equal duration. Since individual
worker thread bhas access to its own gueue, they need not
contend on deguens operation.

Bui this multi quewe approach is not effective when all
tasks are of variant duration. 17 tasks are of difTferent

* & " ) " y
: l Ltr:r Ieswel worker threads .|
¥ | ¥
Kemal
Cong 0 Core 1 Cope 2 Come 3

Figure 2: Muli Queve Architectune

durations, a guewe associaied with short duration jobs
may become empty where as a queue with big duration
tasks is overloaded,

. Work stealing Queue

Work stealing is a distributed dynamic load balancing
technique [3]. In this strategy, the thread pool maintains
separate work quene per worker thread with stealing ability,
When a work queve becomes emply it can atlempl o steal a
task from other gquewses. Since one end of the gueus is
accessible by its worker thread and other end is to add
tasks, These queunes need an additional feature of dequeuing
from both ends in case of stealing by other worker. Double
ended queues are used to implement this feature since it
allows task deletion from both ends [4]. One end is
accessed by the associated worker thread and other end
open for stealing by other worker threads when they
become empty, The tasks are created by application during
rmuntime using the taskSpawn() or similar construct. The
task gets added at the tail of a queve associated with each
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processor. When execution reaches a fork point such as a
spawn of parallel loop, one or more new tasks are created
and put on a queue. The main strategies by which idle
workers find new asks are:

*  Find a task from its own work quewe

«  Distributed work gueues with randomized stealing

- T
& '* f T
l User level workerhreads | |
L -|- ¥ |
Hernel
Core 0 Core 1 Core 2 Cored

Figure 3: Work Stealing Cueue Architecture

Since work stealing queues allow balancing of load
across quewes, it is more effective than muolti gueue
approach.

ITI. EXPERIMENTAL RESULTS AND ANALYSIS

To  illustrate the performance of different queve
approaches al user level runtime systems, we implemented
different types of gueses in Java, The worker threads are
plain Java threads which implememt jova. lang, Runnable
interface. Three types of worker queues are implemented as
blocking queues. Task construct is provided to the parallel
programmer simply in the form of an interface. If the
programmer has to implement his task body he can simply
implement the interface and override the runi} method of
the interface. To make the job of wsting different types of
workloads, the user can choose an option at command line
interface, The relationships among the classes are presented
in Figure 4,

To evaluate the performance of the above mentioned
three approaches, we implemented Square Matrix
multiplication benchmark program. In  this parallel
implementation each task is created to find a single element
of the product matrix {i.e. if the given two matrices A and B
are 512 X 512 matrices, a total of 2" tasks are created
during execution, The intension behind taking large sized
matrices is to overload the gueucs with task objects and test

how effectively load balancing is done across the queues.
The benchmark is executed on

IBM x3400 server with 4 core (8 cores it hvper threading
15 enabled) Xeon E5-2401 and Linux kernel version
3162200, The number of worker threads taken in our
experimental set up is equal (o the number of cores (4 ) by
disabling hyper-threading,

It can be observed from the execution times presented in
Tablel that work stealing queue approach gives better
performance than Centralized gqueue and Multi worker
queuse approaches. Though the difference of execution
times between multi worker quewe approach and work
stealing 15 little, the difference is gradually significant for
bigger matrix size inputs, The main difference is doe to the
stealing approach o balance the load across quewses which
15 not addressed in plain molt guewe approach. As stated in
introduction section, centralized queve approach gives poor
performance due to contention among the worker threads to
access the single glohal queuve. The difference of execution
time is spent on saving the critical section code to access
the global queune.

TABLE1
ExEcuTion TIMES OF W ARIDUS WORKER (REUE APFROACHES

Mintrix Size | Execution time In milllseconds

| Ceniralited queue | Multi quews | Work stealing queue

128 |2 |1 [1

56 |7 I Is
512 |15 {14 | 14
024 |2 B 20
lads |53 a7 42
lages  |153 ;150 141

e SN

Figure 4; Class diagram of different approsches
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IV. CONCLUSIONS

In this paper, we the effect of different load balancing
quenes on performance of task parallel applications. It is
observed that work stealing queve approach performs better
when compared to centralized gueue approach and muli
guews approach,
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Abstraci: Wireless Communication system is the emerging
field of research. Users need to do many changes in the
hardware to obtain high data rate less latency for less cost. To
aveid Inter Symbol Interference (IS1) in & single carrier
system, delay time must be very less compared to the symbol
period, The data rate Is inversely proportional to the symbol
period. The low data rate is, due to the long symbol perind.
System with long symbol period h is nol considered as an
efficient communication system. The multi carrier system like
Frequency Division Multiplexing (FDM)  technique, the
available bandwidth is wsed for multi carrier transmission by
dividing the total bandwidth to sub bands, To obtain high data
rates, the multiple carriers can be placed closely in the
spectrum. But due to the less gap between multiple earriers in
the spectrum, there is a chance of having Inter Carrier
Imterference. To avoid this interference guard bands need to
be inserted which in turn resulis in low data rate. This paper
focuses on the Orthogonal Fregueney Division Multiplexing
(OFDA) system implementation for testing purposes amnd itz
verification. Muost of the stages in a communication system can
be replaced by the software. For this process a new system
called software defined radio came to exist. SDR is a radio
which can be nsed for signal processing with minimuam cost.
The main goal is to create an OFDM signal wsing MATLAR
for signal  processing,  syochronization,  equalization,
demodulation and detection. The paper also gives the design of
an OFDM transmitter and receiver for Software Defined
Radio.

Keywords: FDM, OFDM, ICI, Software Defined Radio and
MATLAB,

L INTRODUCTION

The requirement for high speed data transmission has
increased due to the rapid growth in the area of digital
communication. To keep up with demand, a new
madulation technique such as (rthogonal Frequency
Division Multiplexing (OFDM) is currently being
implemented. Now-a-days all the processor’s power, has
mereased where the capability of handling the speed has
become hig task, A new multiplexing technigue i.e, OFDM
has become more important as it can have high speed with
low interference. By studying the multi carrier system
OFDM in many books and journals, it is clear that there
will be a very good impact of OFDM in future
COmMmMUNICAtion sysiem.

The main problem found in any commumication system
for high datarate is Inter Symbol Interference (ISIH[1]. 151
means the interference when a transmission interferes with
itself and at receiver side it becomes difficult w decode the
transmission comectly, As the receiver receives the signal
from many obstacles by taking many reflected paths, the
received signal will have many delayved versions of the

original signal along with the actual one. This effect is
called multipath. These delayed copies may cause
interference at the receiver called 151.

Main objective of any multi carrier system is efficient
usage of spectrum, power consumption, robustmess of
multipath  propagation and implementation complexity.
Every objective with one or other may conflict, so
implementations or technigues are selected which offer the
best possible trade off between them, The best means of
reducing the gap between the performance and channel
capacity is OFDM modulation which combats multipath
fading.

In addition to error correction coding techniques like turbo,
spherical and Low density parity check codes, advanced
OFDM is the good cheice against multipath[2]. Fading
effect can also be reduced 1o a certain extent. And o
improve the efficiency of the spectrum the best method is to
increase the capacity of the channel, which can be easily
done with the new multi carrier system, OFDM.

In OFDM method, many orthogonal signals, which are
overlapping are twansmitted. [t divides the available
spectrum bandwidth into sub-channels. The gap between
the sub-carriers is minimal theoretically such that a channel
bandwidth is utilized. The main reason o opt OFDM is, it
can handle the effects caused due fo the multipath fading,
Multipath causes mainly  two  problems - frequency
selective fading and inter symbol interferemce, The
achieved flat narrow band overcomes the frequency fading
and modulation at low symbol rate removes the 181 by
making long symbols than the channel impulse response.
Using better error correcting methods along with frequency
and time interleaving, more robustness can be achieved
against frequency selective fading, And by inserting the
required amount of goard band between the symbols of an
OFDM signal, the effects of interference can be reduced
even more so that at receiver, equalizer can be removed.

Ag the system increases information rate, the time required
for each transmission becomes less. As there is no change
in the delay time caused by the multipath. 151 is the main
problem in a high speed commuonication. The new
maddulation method that 18 OFDM can avond this problem
by transmilling many low speed signals in parallel, Observe
the below Figure.] which shows two ways of transmitling
the same data. I this transmission takes four seconds then
cach data will have duration of one second. But OFDM can
send all the data in the same period simultaneously.

A Software Defined Radio (SDR) is a system where it uses
software methods on digital signal. In a communication
system after doing hardware related processing, the signal
is converted into digital form as and then it 15 sent as input
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to the software system. The main aim of SDR is “to turn
hardware problems into software problems™ [3], so that
radio  engineers can handle the problems in more
convenient domain. But everything cannot be converted
into software, s0 SDR has two main sections: Sofiware
defined sub-system and Hardware defined sub-system, B
this separation 15 not fixed, In general the antenna and the
Analog to Digital Convertor (ADC) are of hardware
defined and remaining system is of software. For this SDR
we need software which can easily change the parameters
like modulation type, signal to noise ratio, noise level,
signal strength etc. which can be adapted to any other type
ol communication. That is  hardware  problems  are
converted to software problems.

I, ORTHOGONAL FREQUENCY DNVISION MULTIFLEXING
Mathematical Description
The OFDM Signal is given as

N=1
ty=Y Xyl Qzpel,

=)

where Xk is the number of symbaols, the number of sub
carriers 1% denoted by N and T s the total symbaol time of
OFDM. The spacing of 1/T makes the OFDM signal
orthogonal for every symbaol .

T
l / {FjENkjf,-"T)* (Ejﬂvrkgt,-”]") dt
<ol S
A
:Tf t,j?ﬂ{k'.a —A‘:jff'Tdt = Jh-ﬁ‘-z
L]

To avoid interference in channels dee to multipath fading
guard interval is included during this period a cyclic prefix
is inserted before the OFDM block. OFDM with cyclic
prefix is given as

N=1
w(t)= ) K™, ST <i<T
k=0

Finally the transmitted signal is represented as

s(t) = R {p ()"}
N1

= > | Xi|cos (2w [f. + k/Tt + arg[X])
=i

Fipurel. Signal with cyclic prefix

I SOFTWARE DEFINED RADIO

SDR is a radio platfiorm which uses software methods
on digital radio signals, That is at receiver the signal is
digitized and given as imput to the software domain, The
main objective of SDR is to convert hardware related issues
into software related issues so that the engineers can work
in a software platform. In general, an SDR is divided into
two parts: the hardware system and the software system.

For Mg requirements like designing and handling
receiver with multiple FM channels at the same time, we
need wide spectrum and powerful sysiem to process all the
data, The system based on OFDM has a wide band
application and so it is more suitable system for SDR.,

IV. ARCHITECTURE OF ORTHOGONAL FREQUENCY
MvistoN MULTIPLEXING

e — - o
S SR L Chelie |adc|
Froim '-:F”m 5P #tion e A E e ¥
rput dher Il ¥ el i [ [ [ | :IIII\;
BMP L% ] on 1 | @

A=

Figure 2, OFM transmitter

A, Frame Cruard

The main block in the OFDM transmitter is the
medulator, Modulator  modulates  the input data . This
modulated digital data stream is divided into frames based
om variable symbol-per-frame, which gives the number of
symbaols per frame for a carrier,

Here in this paper the data is taken from an image file,
Image pixel data is converted into matrix and then the
matrix data is chunked based on the modulation type
choosen. Here the number of symbols per frame is decided
using modulation type If the number of symbols o be
fransmitied of a data stream, is less than a number of
symbols per frame then the data is not converled into
frames, And also if there is no data stream sufficiently long
to divide it into multiple frames, then zeros are padded with
two guard interval at either of the ends of the signal. This is
used to find the starting point of substantial portion of the
signal.

B, OF DM Modulator

The modulator generates a PSK signal matrix composed
of complex numbers where the phases are the translated
phases and all the magnitudes are considered as ones. For
the remaining processing these complex numbers are
converted into rectangular form(4].
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Orthogonality  between  carriers must  be
maintained by controlling all the carriers and then OFDM
process is done. OFDM signal is generated by taking input
data like modulation type and signal power and then it
chooses the spectrum based on its input. Each carrier 1o be
privluced is assigned some data to transmit, The required
amplitude and phase of the carrier is then calculated based
on the modulation type. The spectrum is then converted
back to its time domain signal using an Inverse Fourier
Transform.

Before differential or PSK modulation, encoding
can be applied on each carrier (column of the matrix}), and
an extra row of reference data must be added 1o the matrix,
The modulator then creates a row of  random numbers
within an interval defined by the symbol size (order of PSK
chosen) and appends it on the top of the matrix, For every
column, beginning from the second row (the first actual
data syvmbol), the value is converted into the remainder of
the sum of its previous row values and the value itself, over
the size of the symbol (power 2 of the PSK order).

C.AFFT- Spectral Space fo Time Signal

Each column of the DPSK matrix represents a
carrier, their values are stored to the columns of the IFFT
matrix at the locations where their corresponding carriers
should reside. Their conjugate values are stored to the
columns comesponding to the locations of the conjugate
carriers. All other columns in the IFFT matrix are set to
zero. To obtain the transmitting time signal matrix, Inverse
Fast Fourier Transform (IFFT) of this matrix is taken, Only
the real part of the IFFT result is useful, so the imaginary
part 15 discarded,

D. Cyelic prefix insertion

A copy of the last 253% portion of every symbol period
iLe. row of the matrix) is included in the beginning of a
row. This is the periodic time guard which keeps the
receiver 1o synchronize while demodulating each symbol
period of the received signal [5]. The matrix is now a
modlulated matrix. The modulated matrix is converted into
serial data and it is considered as a modulated signal for a
frame.

E. Communicalion Charnel

The channel simulation allows finding common
wireless channel characteristics such as noise, multipath,
and clipping. To the transmitted signal random data is
added, which is considered as a simple notse and simulated.
For multipath simulation, attenuated and delayed copies of
the transmitted signal is added to the original signal which
reflects the problem in wireless communication for
multipath fading. After adding the attenuated and delayed
signal ,it is sent to the receiver and simulated.

iy G e Erlm A —
Bee | ]® wa | | D | | v . |
(L1 ] Fra oL, For i
e L0 BT

Figure 3, OFDM receiver

F. Frame detecior

A trunk of received signal in a selective length is
processed by the frame detector in order to determine the
start of the signal frame. For only the first frame, this
chosen part is comparatively large for taking the header into
account [6], The selected portion of received signal is
sampled to a shorter discrete signal with a sampling rate
defined by the system. A moving sum is taken over this
sampled signal. The index of the minimum of the sampled
signal is approximately the start of the frame guard while
one symbol period farther from this index is the
approximate location for the start of the useful signal frame
[71.

The frame detector will then collect a moving sum of
the input signal from abouwt 10% of one symbol period
before the start of the frame guard to about thirty percent of
symbol period farther than the assumed  start of the useful
signal frame. The first portion, with a length of one less
than a symbol period of this moving sum is discarded. The
first minimum of this moving sum is the detected start of
the useful signal frame.

G, OFDM Demodulator

Received OFDM signal 15 demodulated frame by
frame. The total number of frames may vary by a wide
range depending on the total amount of information
transmitied through the OFDM System.

It is a reverse process of QFDM modulation. And like its
modulator, the OFDM  demodulator  demodulates  the
received data frame by frame,

H. Guard Time removal

After converting a frame of discrete time signal from
serial to parallel, a 25% length of a symbol period is
removed from all rows. The remaining length of the symbol
from all discrete signals is then lined up in parallel.

L FFT

To the received signal is a Fast Fourier Transform
(FFT} is applied which gives the spectrum of the received
signal. The carriers are extracted to get the complex matrix
of the received data.

X, Phase Shift Keving (PSK) Demodulation

The phase of each element in the matrix is changed and
converted as a value within the size of the symbaol.
On this new matrix differential operation is performed to
get the demodulated data. This differential operation is used
to calculate the difference between adjacent symbols in a
column of the matrix. Then this parallel data is converted to
serial and the demodulated stream of data for this frame is
obtained, The series of zeros are appended o the data while
fransmitling to mantain the same symbol size for each
carrier. With the help of number of symbols in a data and
number of carriers the total number of appended zeros can
be calculated. Similarly, for any type of PSK demodulation
corresponding operation is performed to retrieve the
original data. Here are the results shown for BPSK, QPSK.
16PSK and 2536P5K.

CWVR College of Engincering 93



ISSN 2277 - 3916 CVR Journal of Science and Technology, Volume 11, December 20016

V. SOFTWARE ALGORITHM
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VL. RESULTS

A script file to invoke the OFDM parameiers is
simulated  first, which invokes all the parameters of
OFDM and initializes all the variables to start the
simulation. Some variable values are allowed to the user
to enter. The other variable values are obtained from the
input variable data.

Please enter the data: i Figure 5: Images received at the OFDM receiver with QPSK technigue for
1) Image file name— an 8-bit grayseale (256 levels) bmp (a) SNR=0 (b} SNR=5 {c)SNR=10 (d)SNR=15 {c}SNR=20 (ISNR=25
file: 5 : S

2) IFFT length — (power of twao);

3y 1otal number of carmiers — less than
[(IFFT size)/2 - 2,

4} Medulation type — PSK;

5) Clipping of peak power in dB;

) SNR in dB.

Following figures are the resultant images for different
types of modulation methods.

(c) (d)
Figure 6z Images received at the OFDM receiver with 16PSK tochnique
for () SNE=( (b} SNR=10 (c)SNR=135 (d)SNR=4(

(<) (d}
Figure 4: Images received at the OFDM receiver with BPSK technique for
() SNR=0 (b) SNR=5 (c)SNR=110 (d [SNR=20
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(a) ()
Figure T: Images received at the OFDM receiver with 256PSK technique
for (a) SNR=20 (b) SNR=30

Table shows comparizon of different parameters for PSK |
QPSK,16PSK and 2536 PSK modulation techniques for the
following input data. It is clearly observed that in any
modulation technique as signal to noise ratio increases the
error rate decreases. Transmission time and receiving time
decreases as number of bits increased for PSK,

TABLE L,
COMPARISON TABLE
Modulition | SNR | BER(%) Mmmﬁrmm %E’:':rd
{(degree)
BPSE 0 14,745 4821 0,77
5 1.6l 25.1 0045
10 (0 14.31 1.626
15 (bt 833 1.58
0 (b 5.236 1588
25 (000 2200 0000
QPSK 0 4208 48.31 RO, 10
5 16417 2639 4785
10 3375 16,04 £.222
15 2485 211 1919
0 2634 9,929 3822
25 000038 1 7196 00015
16PSE 0 B34 4860 47.41
1 .71 2730 IR
10 5387 17.37 TR.O0
15 17.00 643 1004
2E6PSK 20 9315 9.70 0315
50 93.76 732 93,76

Table 1. Shows comparison of different parameters for
PSK, QPSK, 16PSK and 256 PSK modulation technigues
for the given input data, It is clearly observed that in any
maodulation technigque as signal (o noise ratio increases the
crror rate decreases, And Transmission time and receiving
time decreases as number of bits increased for PSK. As
signal to noise ratio increases pixel error also decreases

VII CONCLUSIONS

An OFDM modulation and demodulation is successfully
simulated wsing MATLAB in thos paper. All main
components of an OFDM system are implemented, Some of
the problems faced while developing the OFDM simulation
program are, mapping the modulation and demodulation
and also maintaining the data format throughout the
process.

Possible future works are adding a feature to accept the
data in word size rather i bits, and including many other
modulation  technigues  other  than PSK like QAM,
implementing multiplexing for OFDM for multiple inputs;
that is even increasing the data rate. With increase in data
rate performance of the system may degrade which can be
still enhanced by including the diversity methods. So to
overcome this, Forward Emor Correction can  be
implemented
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Abstrace: The scaling of the CMOS technology has precipitated
an exponential increase in hoth sub-threshold and gate
leakage currents in modern VLSI designs. Consequently, the
contribution of leakage power o the itotal chip power
diszsipation for CMOS designs is increasing rapidly, which is
estimated to be 40% for the current technology generations.
In FPGAs, the power dissipation problem is  further
ageravaled when compared o ASIC designs because FPGA
uses more transistors per logic function when compared to
ASIC desipns. Consequently, in the nanometer technology, the
leakage power problem is pivolal Lo devising power-aware
FPGAs. This paper focuses on the architectural technigues for
leakage power reduction in FPGAs. In this paper the multi-
threshold CMOS (MTCMOS) technigues are introduced to
FPGAs to permanently turn OFF unused resources of the
FPGA to reduce the power dissipation and the leakage power
reduction technigue in FPGAs on the use of input dependency
is developed. This paper focuses on the reduction of leakage
power with respect to CAD tools for the implementation of
FP{As.

Index Terms—CMOS, FPGA, CAD, MTCMOS, leakage
power, power dissipation,

I INTRODUCTION

The continuous scaling of the CMOS process has
attracted FPGA vendors to integrate more and more devices
on the same chip to increase the chip functionality. As a
result, the power dissipation of modern FPGAs increased
significantly. Much of this increase in power dissipation is
attributed to the increase m leakage power dissipation
which is expected to exceed 50%% of the FPGA power
dissipation as modern FPGAs start using the 63nm CMOS
process. In addition, the excessive scaling of the MOS gate
oxide thickness r, resulted in a significant increase in the
gate oxide tunneling current, thus exacerbating the leakage
problem. In recent experiments, it was found that both the
sub-threshold and gate leakage power dissipation increase
by about 53X and 30X, respectively, across successive
technology generations [1].

This paper will provide architectural modifications to
FPGA designs to reduce the impact of leakage power
dissipation on modern FPGAs. Firstly, multi-threshold
CMOS (MTCMOS) techniques are introduced to FPGAS o
permanently turn OFF the unused resources of the FPGA.
The FPGAs are characterized with low  uwtilization
percentages that can reach 60%. Moreover, such
architecture enables the dynamic shutting down of the
FPGA idle parts, thus reducing the standby  leakage
sigmfcantly. Employing the MTCMOS technigue in

FPGAs requires several changes to the FPGA architecture,
including the placement and routing of the sleep signals and
the MTCMOS granularity.

Secondly. a new technique for leakage power reduction
in FPGAs based on the use of input dependency is
developed. Both sub-threshold and gate leakage power are
heavily dependent on the input state. In FPGAS, the effect
of input dependency is exacerbated due to the use of pass-
transistor multiplexer logic, which can exhibit up to 509
variation in leakage power due to the input states,

Il FPGA OVERVIEW

Generally, FPGAS consists of logic blocks, routing
resources  and  input-output  pads.  However, the
advancement in FPGAs including of embedded memory
Phase Locked Loops (PLL), DSP blocks, embedded
processors and special feature blocks. The complete
architecture is shown in the figure.l Based wpon these
features the FPGA is considered as attractive design
method.

Mermory

0 0

G "

Logic =
Resaurees Resources
Figure 1: Modem FPGA fabric.
A} CAD for FPGAx

Generally, all the FPGAS arc implemented by huge
number of programmable switches. By using those switches
only logic functions are designed and implemented. The
Computer Aided Design tools of FPGAs transform the
design in to stream of binary bits 1's and ('s only. The
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design is either schematic entry or a hardware description
language. These binary streams of (°s and 175 are used to
program the FPGA by proper configuration. The Figure 2
represents the flow diagram of the CAD tools for FPGA
design.

- - .

FPGA configuration
file

Figure 2: CAD tool flow for FPGA..

I LEAkAGE POWER REDUCTION 1N FPGAS UsinG
MTCMOS TECHNIQUES

In this section, the different supply gating methods using
Multi- threshold CMOS  techniques for FPGA  are
presented. These are mainly used to reduce sub- threshold
leakage power in FPGAs. For leakage reduction a modified
architecture of FPGA  using  sleep  transistors  and
corresponding CAD algorithms are proposed, In the CAD
flow, a new activity profile phase is introduced to identify
the blocks of FPGA exhibiting the similar idleness. During
the idle times, those idle blocks are turn off by this activity
profile algorithm. Next , some new packing methods are
introduced to pack the idle blocks with same activity
profiles for turning o off them.

In FPGAs, the crucial one is leakage power reduction
compared to Full-custom and Semi-custom ASIC designs
because in FPGAs the unused resources are more. This
standby leakage power is almost 40% due to unutilized
resources, thus 60% of resources are only utilized in
FPCGAs |2]. For wireless communications, the idle mode
period is very long [3]. In such FPGA applications, some
utilized blocks are forcibly put into standby mode during
the idle time and then leakage power 15 redoced.

In an MTCMOS implementation of FPGA, the sleep
transistors are designed by high threshold voltage (HVT)
devices, These transistors are connected to the pull-down
network. This pull-down network is designed by low
threshold voltage (LVT) devices, to which circuit is
connected to ground as shown in the figure 3(a). When the
sleep transistor is turned off, the leakape current of the
circuit is reduced, but has very low saving. Hence, the
circuit gets benefit from the Low VT pull down network

when the sleep transistor is on, otherwise the sub threshold
leakage current is limited, because sleep transistor is turned
OFF.

E|I'E‘:I :izo
LYVT LVT
Pull-disam Pudl-doswm
Ntk Hutwark
¥, Ve
SLEEP |
= q'rl‘ I R 4 ’

(@) (b}

Figure 3: Architecture of MTCOMS. (a) Architecture of general
MTCOMS, (b} Equivalent ST circudt in the active mode,

In the above figure.3, the equivalent circuit for the sleep
transistor was shown as a finite resistance "R’ between the
ground in the case of the sleep signal is high with a small
voltage at the virtual GND line Vx. However, the sleep
tramsistor  finite  resistance R incurs  a penalty  of
performance due to the reduction of driving potential in the
circuit VDD-Vx [3]. If the slecp signal of the sleep
tramsistor is low, the entire circuit goes into a standby
mode. In this case, the voltage Vx  rises to 0 Volts and
VDD Volts. Next. the sleep transistor acts as a very high
resistance. This resistance is used to reduce the sub-
threshold leakage current. In FPGAs, sleep transistor
circuits can reduce sub-threshold power leakage by (i)
Power down the unutilized resources of the chip during
configuration permanently (i) tuming off and on  the
unused resources of the chip dynamically based vpon the
activity of the circuits, and (111} powering down the entire
FPGA doring the idle time.

In this paper, the changes at the CAD level were
developed for FPGA design using the MTCMOS technigue
to get the full advantage of leakage power saving. All these
changes are integrated into the Versatile Place and Route
(VPR) flow [4]. The fgure 4(a) and figure 4(b) shows the
Mow diagrams of the typical VPR CAD tool and proposed
modifications respectively,

Senthasized
Symhesized Charcauit
Circuit
Facking
IT-¥Fack)

Power Estimation
(faxkle power rasdal)

ial [{:]]

e

Figure 4: Process flow of CAD in FPGA (a) flow chan for VPR
conventional method. (b) Proposed CAD flow diagram included in the
VPR flow,

CWVR College of Engincering 97



ISSN 2277 - 3916

CVR Journal of Science and Technology, Volume 11, December 20016

The Figure 4(b) shown as the considering the activity
generation phase. In this stage, the identification of
unutilized blocks with same activity is taken place. Blocks
with similar activity profiles are forced into a standby mode
together. The next stage is T-V Pack algorithm, which is
used (o integrate with activity profiles generation method
and packing algorithm reselted algorthm 15 AT-V Pack as
shown in figure 4(b). Finally, a modified power estimating
model is introduced to properly calculate the power savings
in this proposed MTCMOS FPGA architecture.

The conventional FPGA architecture is used in most of
the modern FPGAs. This FPGA architecture consists of
logic blocks, which are implemented by a four input Look
Up Table (LUTY, a Flip Flop and a 2X1 multiplexer as
shown in figure 5.

oo, Voo,

Sleep Tem Yoo
Region e o e R A L
| I'E‘I Lagic I'E'I Logic | %
| Block Block | |
{ - Y DFF [~ 4|
| —
L o !

Figure 5: The MTCMOS type FPGA Architecture,

The logical blocks connected to one sleep transistor are
called as sleep regions. The sleep signal controls each sleep
region. Deactivation of the sleep signal moves the N
clusters into low power mode during the inactive times. The
output ¢of the each logic block is stored in the Flip-Flop,
before entering the sleep mode so it can recovered when the
corresponding  sleep region wakes up again, The slecp
signals of the unused blocks or resources of the FPGA are
deactivated during the OFF time permanently. In Modern
FPGaAs, during the runtime the sleep signals are
dynamically generated using the partial reconfiguration
logic [5]. thus providing minimum area overhead. If the
design is well- known in advance, the sleep signals easily
can be generated [6].

The no, of clusters that can be determined by the size of
the slecp transistor, leakage power savings area over head
and the maximum permitted ground bounce about virtual
ground lines. For this performance large sleep regions
employ few number is larger transistors. As a result, the
control circuitry needed to produce the less complex sleep
signals. These signals consume less power and occupy less
area when compared to small sleep regions.

The figure 6 shows the proposed FPGA fabric, in which
the sleep transistors are pre-fabricated with fixed sie in the
FPGA  Architecture, This figure shows the placement
information. It provides the full connectivity between the
sleep transistors and logic blocks and also provides
minimum area overhead. During the FPGA fabrication, the
sleep control signals of the each and every sleep transistor
are hardwired [7]. As shown in the figure, the wvirtual
ground ¥ gap line is connected to the pull-down networks of
the logic blocks to the sleep transistor, The Virtual ground

Voup lines are hardwired to their corresponding sleep
transistors. Many research methods are proposed to
optimize area [8], and the average overhead of the
MTCMOS architectures using fine granularity in FPGAS is
around 5% [9, 10]. For sleep ransistor implementation, two
tvpes of devices are considered: header or footer devices,
The Pmos transistors are wsed as header devices to block
the current path from the supply line and pull down
network. Footer devices are implemented by Nmos
transistors to block the ground path, as shown in figure.7.
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Figure 6: MTCMOS-based FPGA fabric with sleep transistors,

The header- PMOS approach has the drawback of area
penalty when compared to the footer- NMOS approach.
This is due to the low driving current of PMOS transistors
because of low mobility of holes. Consequently. only
NMOS footer sleep transistors are used in this work.

Logic
Block =
Logic
Block
L -

[a) (b}

Figure 7: (a) NMOS footer sleep tramsistor implementation. (b PMOS
header sleep transistor implementation,

There are two types of sleep transistor architectures used
in this paper. Those are local sleep transistors and global
sleep transistors, The local sleep transistors are used at the
logic block level, these are independently idle, Second, the
global sleep transistor architecture consists of a single sleep
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transistor for entire large block that consists again many
local blocks [11].

IV LEAKAGE POWER REDUCTION IN FPGAS THROUGH
INPUT PIN REORDERING

In FPGAs, the power dissipation s state dependent as
the i'p signals are forced into substantial leakage power
reduction technigue. This happens due to the pass transistor
logic in the design.

In this section, a new methodology is introduced, which
is based on reordering of the i'p pins reordering to decrease
the leakage power dissipation in all blocks and resources of
the FPGA: without any performance penalties. This
proposed methodology  handles the logic and routing
resources differently to achieve more leakage reductions.
Meat, & new methad with some modifications 15 proposed
and implemented to increase the performance along the
critical path [12].

The proposed pin reordering algorithm consists of two
phases: (1) Logic pin reordering (LPR)- it targets leakage
power reduction in the logic blocks of FPGA and(ii}
Routing pin reordering (RPR)- this phase targets the routing
swilches.  Right after the synthesis the LPR phase is
performed and previous (o the Packing stage, The RPR
phase 15 performed next to the routing stage only, This
process stages are shown in the fgure 8, The CAD flow
corresponding to these pin reordering methodologies are
changed. The T-V Pack is used for packing and VPR CAD
tool for placement and routing [13).

Synthesis

'
LPR
v

Packing
E

Placement
& Routing

'
RPR

Figure 8: The proposed pin reordering algorithms with VPR CAD flow,

Figure 9 shows the different leakage savings due the
LPR Phase. From the figure. we can understand the
maximum power savings are generafed due o the input
swapping phase. The very small leakage power saving is

due to the unutilized block into a low leakage mode
hecause of the absolute minimum unutilized logic blocks or
FESOUICES.

frput
Padding

JE

Figure 9: Leakage savings breakdown in logic blocks.

Figure 10 represents the RPR breakdown leakage power
savings in the FPGAs. It can be understood from the figure
that the average power savings of the unused routing
resources is more than the unused logic resources. This is
due to the percentage of unutilized routing resource is
greater than that of the functional blocks. One more
observation is that the leakage power savings in the
inverters circuits is larger in the routing resources, which
can be justified by the fact that the imverter circuits used in
routing resources are of bigger in sizes than those vsed in
the logic blocks. Hence the routing resources consume large
leakage power 13, 14].

Figure 10; Leakage savings breakedown in the routing resources.

¥V CONCLUSIONS

This paper proposed several methodologies for leakage
power reduction in modern nanometer FPGAs. The use of
supply gating using Multi-Threshold CMOS (MTCMOS)
techniques was proposed o enable wrning OFF the unused
resources of the FPGA, which are estimated to be close o
3% af the total FPGA area. Moreover, the utilized
resources are allowed to enter a sleep mode dynamically
during run-time depending on certain circuit conditions,
Several new activity profiling technigues were proposed to
identify the FPGA resources that will share common
idleness periods, such that these resources will be turned
OFF together.

Another technique proposed in this paper for leakage
power reduction in FPGAs is the pin reordering algorithm,
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The pin reordering algorithm makes use of the input state
dependency of leakage power to place as much as possible
of the FPGA circuits in a low leakage mode without
incurring  and physical or performance penalties. The
guidelines for finding the lowest leakage power dissipation
mode were derived and it was shown how they vary with
every process node depending on the relative magnitude of
sub-threshold and gate leakage power components. The
proposed pin reordering technique was applied to several
FPGA benchmarks and resulted in an average of 50%
leakage power savings. Furthermore, another version of the
proposed  algorithm 15 also developed that results in a
performance was improved by 2.5%, while achieving an
average leakage power reduction of 48%. This paper
presented new CAD methods for the reduction of power
dissipation in FPGAs,
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Absztract: Analysis and control of Industrial parameters is of
prime importance for most of the process control
applications. But deployving cables from various transducers
and final control elements to monitoring and controlling
stations becomes costly and complex. This problem calls for
wireless  implementations for  monitoring  and  control
applications. This paper dispenses a low cost wireless
combustion process parameters Analysing sysiem based on
Lighee communication protocol, This system contains Rotary
KILN unit sensors, Zighee device PIC-Micro-controller, and
PC (LabVIEW).The system uses Microchip PICIGFT72 -
controller as signal processing unit in the feld of combustion
process and NI LabVIEW interface as the Analvsing unit, It
utilizes a precision temperature sensor , outlet pressure sensor
which being a low cosi sensors provides a awthentic sulpui
within its operating range. The system follows a request
response methodology, where the field unit responds to the
request made by the Analvsis unit of LabVIEW.

Index Terms— LabVIEW, ZigBee, PIC-Micro-controller,
Rotary KILN.

I. INTRODUCTION

The measurement and Analysis of Rotary KILN
combustion parameters are very crucial in order to optimize
the performance of combustion process. Moreover, reliable
data acguisition determines the accuracy of the Analysis
algorithm [1]. In a field of industry, a plant may be having a
host of independent  processes  consist various  control
objectives, and analysis of all these processes prove the
conglusive factor in 4 progess performance and safety, The
interfacing of sensors in the field of process to the central
analysis unit results in high installation and preservation
costs, and make the system susceptible to wear tear |,
thereby reduction of its reliability. Whereas, wireless
network  communication  offers  lower sel- up  and
maintenance costs with better flexibility to re-build and
update the wireless network, Further, sensors of a wireless
sensor network can also be installed in hazardous and
secluded environments like nuclear power plants. The quick
improvement in wireless system has resulted in a wvast
number of possibilities in  different commercial
environments and applications. In the past days various
methods for industrial control over wireless sensor
networks have been designed and implemented. But,
industrial and commercial adaptations of most of these

methods are yet to be realized, principally due to the
deplovment and complexity costs involved. Wireless High
Way Addressable Remote Transducers based methods
prove (o be most encouraging for chemical process control
apphcations, but requires huge investments for deploviment.

The prototype distillation column system adopts  the
ZigBee wircless communication protocol to acguire real-
time data, and cool down the high temperature of a
communication room. The system is designed to be simple,
highly reliable and cost effective. In this system .the
measured parameters from Rotary KILN of chemical process
can be processed by Microchip PICIAFT2 —controller and
the processed data is transmitted by FigBee transmifter
monlule to Zighee receiver module ,which is imerfaced with
PC —LabVIEW software through R5-232 commumcation,
The received data from ZigBee module can be processed or
analvzed by graphical Terminals Units of LabVIEW
programming.

This idea represents low cost system to design wireless
analysis of the Rotary KILN temperature and pressure
suitable  for small-scale  industrial applications. The
fundamental aim of this paper is o develop a system Lo
design a wireless Rotary KILN combustion [2] parameters
Analyzing system which enables to analvze the Rotary
KILN combustion process  parameters  uwsing  ZigBee
technology and analvses the parameters on the front panel
of LabVIEW software on PC screen.

The system mainly contains two parts One is the Rotary
KILN combustion unit [2] along with ZigBee transmitter
node and another is the receiver node. The transmitter part
consists of physical variable sensors, micrecontroller and
ZigBee. Receiver consists of a PC interfaced with ZigBee
through a serial port. Here the parameters like temperature,
steam pressure are detected by the sensors given to the
microcontroller and transmitted to the receiver part through
the wireless mediom ZigBee.

I1. SYSTEM DESIGK AND ARCHITECTURE

Fig.1.represents the system design and architecture, which
incorporates two stand-alone units: one is the field unit and
second one 15 the analyzing unit, where thermocouple
senses the temperature of Combustion Product at Rotary
KILMN Junctions [3]. The analyzing umit is in wireless
synchronization with the combustion unit. Tt shows the
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updated process status of Rotary KILN and accepts
reference point chnnﬁes by the operator.

i

5

Figurel System Design and architecture

Field and analyzing unit have a separate display on A
FigBee trans-receiving module, ZigBee is wireless network
system based on the IEEE 802.15.4 standard, which
dispenses advantages of being power cfficient, low cost,
increased network capabilities along with high data transfer
rate .50 ZigBee network protocol sufficient  for
measurement and control applications.

The Rotary KILN unit is connected with thermocouples,
which are in contact with the combustion product of sponge
Ircm.  The wmt Microchip PICI6FT2 —controller,
continuously gains the voltage from the sensor  Here
voltage is proportional to temperature. The pressure sensor
is connected at KILN Outlet Door{KOD),which produces
output voltage proportional to KILN Outlet Pressure[3]
Moreover, the received data from sensors is amplified from
milli-volts to volts and is given to Microchip PIC16FT2 -
controller, which processes the signal and transmits  the
Rotary KILN combustion process parameters wirelessly the
requested data to the analyzing unit.

Signal conditioning circuit 15 required for temperature
and pressure sensing clements, it is designed with 741 IC
circuit [4] and has a greater advantage of high CMRR ratio,
high input impedance. and low output impedance. Signal
conditioning circuit for temperature and pressure sensor is
shown below Figure.2
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Figure 2, 5ystem Design and architecture

The analyzing unit mainly consists of ZigBee Receiver
module and labview 1.0 software installed PC. The unit
receives the data  from  Rotary  KILN[3Jeombustion
umt(field wnitland received data is commuonicated with
LabVIEW I 1.0 software installed PC through RS-232
Communication. Here com-port configuration settings is o
be done in MAX({Measurement amnd  Automation
Explorerjafter getting configuration setting .the data from
ZigBee Receiver module can be achieved in Labview11.0
using VISA read and write configuration setting through
com-port communication. The received data can be
analyzed using LabVIEW graphical programming.

In the rotary KILN combustion process, the guality of
sponge iron product depends on combustion temperature
and pressure levels, 5o temperature and pressure data o be
analyzed in order to get desired quality of product The
relationship among temperatures and  pressure can be
analyzed from LabVIEW front panel diagram.

1. IO FIELD DEVICES AND SYSTEM HARDWARE

This system is mainly designed with system hardware
integration of LabVIEW software .System hardware mainly
consists of following components
A. ZigBee module
B.PIC micro chip 1C 18458
C.K-tvpe thermo couple
D. Pressure sensor
E. Rotary KILN

A, Zighee module

This  svstem s designed with wireless network
communication using ZigBee modole. Two  differem
FigBee modules are wsed, one is ZigBee transmitter and
another 15 receiver, ZigBee transmitter 15 used at Rotary
KILM combustion process to transmit the measured data to
LabVIEW through wireless communication range of 30-40
meters. The ZigBee communication network protocol
supports different network topologies like mesh, tree, star
etc. This communication support is needed for interfacing
more number of sensors module from  different  feld

statioms of the process.

Type of network wpology can be selected based on
requirement of interfacing of sensors and actwators at the
field of process. If the number of fields of process is morne,
then suitable network topology is to be selected for better
communication [6], This ZigBee network layer s
applicable for network sans high power transmitter. Huge
number of nodes can be handled by this ZigBee network
layer. Here R5-232 —Recommended standard is used to
make the communication between FigBee Receiver module

and LabVIEW installed PC.

B, Microchip PICIOFTZ controller:

Microchip PICI6FT? is a CMOS -flash based 8 bit
microcontroller. It has a great feature of 200ns instruction
exgcution speed, [t has 5 channel of 8 bit analog to digital
converter ,which can be more flexible for interfacing analog
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sensor from the field of process. In this system two analog
sensors are interfaced to microchip PICI6FT2 controller
and the sensing signal is processed through micro controller
program; processed data s ransmitied w ZigBee receiver
module through wireless communication

This micro chip has a high performance RISC CPU [4],
This can be operated at indusirial temperatore and the wide
operating voltage range is from 2.0 v to 5.5 v. One more
important thing of micro chip is ‘it has inbuilt PWM
module’. So it can be used for control of industrial field
devices along with suitable signal conditioning circuit] 7].

C.R-tvpe thermaocouple:

K-type thermocouples can be wsed for industrial
applications. Here, these are wsed for the measurement of
combustion lemperatures, ils lemperature ranging from -
200% to IBSEF'J::.RUIar}' KILN combustion temperature is
changing from 750% to 1200%.So0 k-type thermocouples
are suitable for the measurement of combustion
temperature. K-type thermocouple [8] produces the output
voltage in the range of milli-volts with respect to change of
temperatures. 5o thermocouples require signal conditioning
circuit  for  interfacing  of  sensor with  PICI6FT2
microcontroller,  Thermocouple  dnput and  ouwtput
relationship and K-type thermocouple are shown in the
below Figure 3.
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Figure 3. K-type Thermocouple input and output relationship

0. Pressure sensor:

In this system, high resolution Bar-600 relative pressure
sensor is used for the measurement of outlet door pressure
at Rotary KILN. If the operators are unable to maintain
sufficient level of pressure at KILN OUTLET-DOOR, it
causes blasting of the chamber. KILN produces 30-150PSI1
ranging pressure at KOD chamber. This sensor 15 sealed
fromm water. In this prototype system, STEKA make product is
wsed for pressure measurement of KILN outlet  door
pressure. [t's pressure temperature is operating from 0'c to
80"c.Here pressure sensor produces analog output voltage
proportional to KILN outlet pressure changes. This voltage
is in the range of volts, so we can directly interface this
signal to  PIC-microcontroller  without any  signal
conditioning circuit and easily process the signal through
micra controller programming | Pressare sensor, used in
prodo fvpe system is shown below Figure.d.

i H&_.

Figure.4, High Resolation &00-Bar relative pressure sensor

E. Retary KILN:

Rotary KILN is like a fumace chamber or Reactor,
which 15 used in Steel, Pharmaceutical, Fertilizer and
cement industries, Entire production manufacturing process
15 going inside of the Rotary KILN, Industrial rotary KTLN
is shown below Figure. 5

Figrure 5, Industrial Rotary KILN

Reduction of Iron in Rotary KILN is completely
temperature dependent process. If the operator is able to
control temperature and pressure level in the Rotary KILN,
it produces high quality product. This paper completely
analvses the relationship among temperature, pressure and
provluct quality, In this process Iron-ore raw material is
converted into sponge iron by the combustion process at
different temperatures. Generally Rotary KILN has seven
junctions; operator needs to maintain suitable temperature
at every junction in order to maintain perfect chemical
reactions. If the chemical reactions are perfect, then product
grade or quality is good. Different chemical reactions take
place at KILN junction are shown below,

C"‘Og ------ —"C'D;v
CaO+CO0p-————CaCOy
MgO+ COp------- —MgCO3
C+ COpmrmemm=-— 200
2Fe204+3 COpmenenm- —3Fe0343C0
FedOod+C0-mm- —3Fe0+3 CO,
FeO+C0-mmemee=sFe+ 0

In this process, operators need to maintain different
levels of wemperature of bed, gas and reduction The
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temperature profile along the length of the rotary KILN of
sponge Iron process can be adjusted to heat the raw
material iron ore to the reduction temperature with in short
time and maintain this bed temperature levels o carry oot
the reduction to achieve the desire level or quality of
Ferrous (FelIn general the temperature profile is differem
for various iron ore depending upon the reductionbility
characteristics. The typical temperature ranges to be
maintained at 100TPD KILN is shown in below table. 1

TABLE]
ROTARY KILN JUNCTION TEMPERATURES

TEMP | TI"C | T2°C | T3C | T4°C | T5C | T6°C | T7°C
REC | 750 | 860 | 960 | 1020 | 120 | 1030 | 1030 |
GAS | 930 | 1030 | 1080 | 1080 | 1090 | L100 | 1120

BED | 850 | 980 | 1020 | 1060 | 1040 | 1050 |-
Quality of the product of sponge iron not only depends on
the temperature, pressure levels at combustion process, it
also depends on the size of raw material of iron core. If the
temperature levels at junction of Rotary KILN s
controlling perfectly then the resulting Ferrous %%
different iron core sizes is shown in the below table.2. This
paper completely describes the range of temperature o be
maintained at combustion process of reduction of iron ,and
also describes how grade levels are changing with respect
to unwanted change in reduction of iron.

TABLEI
FERROUS QuaLrmy LEVELS AT DNFFERENT SIzES OF TroN ORE
IRONORE | +lé6mm | +12mm | +10mm | +dmm
Fe% Q00 91.31 9251 9533

IV. SYSTEM SOFTWARE

Different configuration settings are required at feld
point and analyzing unit. Initially Rotary KILN combustion
process  parameters to be  imterfaced with  PIC-
microcontroller through signal conditioning circuits. These
parameters are processed through micro-controller program
and transmifted through LigBee wireless technology. Data
communication between LigBee transmutter and receiver
can be made success by suitable software configuration
selings,

A, Configuration settings of ZigBee module;

Zighee both transmitter and receiver modules are
operating at 2.4 KH frequency. These two modules need to
be configured through PC programming (or) the unit micro-
controller. Before the system is setup, for this existing
system, these two modules were configured through
personal computer o have the same personal area network
ID and bit rate by configuration of two ZigBee modules
have been done using configuring sofltware, TMFT V2.6 by
modlule manufactures.

B. Ratary KILN configiration unit:

In this application: rotary KILN combustion umnit
produces sponge iron as a final product with respect to raw
material iron ore. Quality of product depends on
temperature of the junction and size of the iron ore; here
prinluction quality is analyzed by considering necessary
parameter like temperature and pressure, Three temperature
sensors are used to measure the temp- of bed, gas and rec.
Thiz K-type thermocouple (temperature sensor) produces
output signal in the range milli-volts, which is amplified to
volts. “this voltages signal is calibrated into temperature by
using micro-controller programming”™ which is displayed on
LCD as field wnit and it transmitled o analysis unit,
Pressure sensor output system is processed like temperature
signal. Prototype of this Rotary KILN combustion unit is
shown below Figure.6, The microcontroller 10-bit analog to
digital converter to wpdate by read the signal from
temperature sensor and pressure sensor and store it into the
memory for transmission purpose and historic al report.

Figure 6 Protogype Rotary KILN combustion unit

C. Analvzing unit

Lab-VIEW front panel is acting as analyzing unit to this
application here LabVIEW front panel was designed to
analyzing the guality of product (sponge iron) with respect
to change of three temperature levels (bed, gas and rec).
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Figure 7. Logical low diagram of Transmitter module at analyzing unit
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In this systemn field unit continuously sends the measured
signal through ZigBee communication to analyzing unit.
At this  analyzing unit ZigBee receiver module is
communicated with PC- Lab¥VIEW through RS-232
communication. The measured  parameters  at the
combustion process are achicved by entering the commands
“T" in the “ENTER REQUEST™ input control. Figure.7 and
Figure.® shows the logical flow diagram of Transmitter and
receiver at Analyzing (monitoring) unit.

Figure & Logical fow diagram of Receiver module an analyzing unit

Communication between ZigBee Receiver and LabVIEW is
configured in Measurement and Automation Explorer
(MAX) of LabVIEW. The data from communication parts
of PC can be received at the block diagram of LabVIEW by
using YISA read and write commands.

After receiving data into the block diagram of LabVIEW
[9]; dataflow programming to be written for the relationship
between the temperatures (KILN combustion) and  the
quality of sponge iron product. Entire result of this svstem
is menitored (or) analyzed on fromt panel of lab view
through unique graph models. Analysing unit of this
application is shown below figure.9:

e | T e )

Awatsl i
Figure 9, Analyzing Unit at Front panel of LabVIEW

Y. CONCLUSIONS

This paper discusses designs and developed of a
temperature and pressure analyzing system in chemical
combustion process on Rotary KILN This system is based
on the ZigBee wireless communication protocol, The
implementation has been done for point to -point svstem
that has only one field unit analyzing two parameters. But
given the user friendliness of ZigBee technology the system
can be upgraded for amalyzing several field units with
different process field parameters. [t achieves a line-of-
sight range of 30 meters and a range of 15 meters with
obsiructions. The developed system is economical, reliable
and accurate for processes, whene temperatures are within
[ 100°C, Finally sponge Iron product quality is analyzed
with respect to BEDLGAS and REC temperature Levels,
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A Brief Overview on Conservation of Lakes in
India

Rohini.A
CVR College of Engineering, H&S Department, Hyderabad. India
Email: rohini_escience@gmail.com

Abstraci: Aguatic ecosystem like lakes worldwide are heing
severely altered or destroved at a rate greaster than that at any
other times and far faster than they are being restored, This
article focuses on the restoration and conservation measures
to be followed for the management of lakes which are Facing
the problem of environmental degradation due to population
explosion, urbanization, industrialization, discharge of
domestic sewape, industrial effluents, chemical intensive
agriculture, dumping of municipal solid wasie, idol immersion
ete, These mensures should be strictly followed by the people
and the government because lakes and their surroundings are
unigque assels and valuable ecosystems for both socicty and
nature. Lakes have social, cultural, aesthetic and economic
values and it is owr responsibility to retain the glory and
pristine beauty of the lakes.

Index terms-Lakes, Degradation of lakes, Urbanization,
Eutrophication, Siltation, lake pollution, lake conservation,
[Dal lake, Hussain sagar lake.

L INTRODUCTION

Water is the source of life on earth and earth is known as
the “Watery Planct” because it 15 the only planet in the solar
system with the abundant source of water. About 97 percent
of earth’s total water supply lies in oceans which is
unsuitable for human consumption due to its saline content,
2% percent is frozen in the polar ice caps and the remaining
1% percent is available in lakes, rivers and groundwater
(Table 1) which is suitable for human consumption. Lakes
are the best available fresh water resources on the earth’s
surface as we can freely access only the water in lakes,
Lakes have traditionally served the function of meeting
water requirements of the people for drinking. household
uses like washing, for agriculture, for fishing and also for
religious and cultural purposes. Apart from these functions,
lakes are known to recharge ground water, controls runoff,
moderate the hydrological events drought and floods, host
variety of flora and fauna and provide a wide array of
recreational activities and aesthetic benelits for humans o
enjoy.

With rapid urbanization and expansion of city boundaries, a
number of lakes in urban areas are facing issues of over
exploitation, encroachment, pollution etc. Therefore, it is
needed to initiate efforts to restore and conserve the lakes.

TABLE |
sTeiBUTION OF WATER On EARTH

~ Water Source Percemtage of total water |
Oceans 973
| Gilaciers and icecaps 214
Cirouind waler Al
Lakes 00017
Rivers (L0
Atmosphere L]

Il CAUSES FOR DEGRADATION OF LAKES

For mankind, water is a basic need. Tt influences and alters
the social, cultural, political and religions heritages of
different communities. The need for plentiful supply of
water is universally demanded. However, much importance
is not given to the quality of water. All over the world, the
first victims of water pollution are the water bodies like
lakes so that even one time drinking water resources are
facing the crisis. In the last half of the 2 century, lakes
underwent unprecedented environmental degradation. The
major factors that lead (o the degradation of lakes are

Rapid urbanization and encroachment

Continuous flow of untreated sewage

Intensive agricultural runoff

Discharge of industrial toxic effluents

Dumping of debris and garbage

Heavy siltation and pollution due to idol immersion.

. Figure, 2, Dusposal of garbage i the lake
ML IMPACT OF URBANIZATION ON LAKES

Various problems are associated with urban water bodies.
Human settlements and effluent geneses from various
sources are the chief factors for the degradation of lakes.
The anthropogenic pressure has also resulted in degradation
due to deforestation, extensive agricultural use, flow of slit
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and harmful chemicals. The tourists who come for visiting
the lakes pollute the lakes by throwing harmful waste and
polythene bags. Increasing encroachment on the bank of the
lakes couses deterioration of water guality and disturbs the
biodiversity of the lake, all these cawse an impact on
climate change also,

Rapid urbanization has following impacts on lakes:

A. Eutrophication

Lakes in the urban areas receive enough nutrients like
nitrates and phosphates from sewage, industrial effluents
and fertilizer and pesticide rich run-off from agricultural
fields which promete the rapid and lush growth of oxygen
consuming algae especially blue-green algae and aquatic
weeds like water hvacinth, This growth deoxygenates water
and the depleted levels of oxygen in water leads to a
situation where aguatic life forms cannot survive. The dead
organisms  undergo  anacrobic  decomposition  releasing
anoxic gases like methane, hydrogen sulphide and carbon
dioxide which makes the lakes stink emitting foul smell.
This process of nutrient enrichment of the lakes leading to
excessive plant growth is called Eutrophication and the
lakes ave termed as Eutrophic lakes.

Figure, 3, Eutrophication imfestation with water hyacinths

B, Siltgtion or Sedimentation

Siltation is a form of water pollution where water
flowing into the lakes brings scdiment which is cither silt
or clay and settles at the bottom of the lakes., Activities
like deforestation, intemsive agricultural cultivation and
land clearances for construction loosen the top soil,
which finds its way into the lakes.

IV. IMPACT OF LAKE POLLUTION
Lake pollution has the following effects:

A, Toxic chemical effects

Chemical toxic substances like heavy metals and
pesticides in sewage, industrial effluents and agricultural
run-off pollute the lakes affecting aquatic organisms and
humans. Pesticides like DDT and heavy metals like lead,
mercury and cadmium which are not water soluble are
absorhed into the tissues of the organisms from (he
polluted water and accumulate in the organism's body,
This process  is  called  Bioaccumulation.  The
concentration of these toxic substances build wp at
successive levels of food chain. This process is called
Biomagnification. These phenomena cause various types
of diseases in humans effecting different body organs.

B. Warer borne diseases

Waste water especially sewage that is discharged into
lakes contain pathogenic (disease causing) organisms like
bacteria, wirus and parasites that are capable of
fransmitting water borne diseases in humans. Some of the
water bome diseases are diarrhoea, cholera, typhoid,
dysentery, jaundice, gasiroenteritis etc,

V. NEED FOR LAKE CONSERVATION

Lakes when restored and conserved have the following
environmental and ccological benefits:

* Harvest rainwater and recharge ground water.

Reduce water logging and flood risk

Increase economic activities through ecotourism and
recreational activities.

Enhance biodiversity in and around the lakes

Improve the health conditions of the people living in
the lake surroundings.

¥1. LAKE CONSERVATION STRATEGIES

A. Lake protection steps:

#* Preventing encroachment of lake surroundings for
different activities,

& The shore line of the lakes must be properly fenced
to protect from encroachment.

B. Lake management steps;

= Construction of sewage treatment plants for treating
sewage and letting the water into the lakes.

* Separating waste water from the storm water.

¢ The inlets and outlets of the lakes should be
identified and need to be monitored at reguolar
intervals,

¢ Encouraging  management  and
mumicipal solid waste.

¢ Beautification of lake bund by landscaping and
plantation.

# Plantation on the lake surroundings o prevent sl
erusion,

¢ Increasing community participation

* Reducing pollution through idol immersion by
following Green Gancsha drive i.e.. making usc of
environmentally friendly idols.

* Environmental education and awareness

handling  of

C. Lake restoration steps:
# De-silting the lake bed by dredging
* De-weeding
* Removal of floating aquatic plant specics,

VIL LEGAL FRAMEWORK FOR LAKE
CONSERVATION IN INDIA

The lakes and water bodies of India are directly influenced

by a number of legal and regulatory frameworks. The
fundamental duties enshrined in the constitution of India
Article 51A (g) states “Tt shall be the duty of every citizen
of India to protect and improve the natural environment
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including forests, lakes, rivers and wildlife and to have
compassion for living creatures.”

MoEF (Ministry of Environment and Forests) plays an
important role in the restoration and conservation of
lakes/water bodies in India. MoEF has implemented NLCP
(Matiomal lake conservation plan) in 2001 for conservation
and management of polluted and degraded lakes in urban
argas. The major objectives of NLCP include encouraging
and assisting state  governments  for  sustainable
management and conservation of lakes.

Acts for the conservation af water bodies:

* Water (Prevention and Control of Pollution) Act,
1974. This act was introduced to ensure domestic
and industrial effluents are not allowed to discharge
into water courses without adequate treatment,
Contravention of this law will lead to punishment
for a pericd not less than six vears with fine.

* Environment Protection Act, 1986 This is an
umbrella act wnder which the central government
can notify steps to be taken by states for ensuring
protection,  conservation  of  the
including lakes and other bodies.

'.‘.‘I'I'p'iFLJI!]'IIL'I'Il.

Authorities for conservation of lokes:

# Ninistry of environment and forests

= himstry of water resources

*  Agriculture minisiry

# Other local authonties 1.e. Municipal corporations,
Water supply boards, Tourism department etc.

VIIL PRESENT STATUS OF SOME OF THE LAKES IN
INmia

A, Dal fake

Dal lake, the jewel of Kashmir valley attracts a number of
tourists doe to its exotic natural scenic beauty and hundreds
of house boats which facibitates tounsts m emjoying the
peace and tranguility of the whole Kashmir valley, Dal lake
is one of the most beautiful lakes of the world and is a
home for a variety of flora and fauna. However, this lake is
suffering from problems like discharge of sewage and
effluents which led to growth of aquatic weeds and water
hyacinths due to eutrophication, dumping of garbage from
hotels, human settlements, siltation and uncontrolled
tourists pressure, A large number of commercial buildings
including hotels, restavrants and house boats have reduced
the size of the lake.

Dal lake conservation

Under the National lake conservation plan of the Ministry
of environment and forests of the Government of India, the
restoration and rehabilitation measores undertaken fo bring
the lake to its original eotrophication free s(atus are
construction of siltation tanks, mechanical de-weeding,
regrouping of house boats and reforestation of catchment
area to reduce crosion and movement of silt.

Figure.d. Excessive Eutrophication infestation by aquatic weeds in Dal
Lake

Figure.5. Ewtrophic Dal lake with house boats

EB. Mussain sagar lake

Population growth and  industrialization  lead 1o
encroachments and shrinking of lakes in Hyderabad. The
famous Hussain sagar was built during 1562(4350 vears old)
which served as a source of drinking water during the
Mizam’s time was completely polluted. In the last 30years,
the lake shrank more than 50% of its original size, The
guality of water in the lake has pradually deteriorated
mamnly due to the continual entry of untreated domestic
sewage and industrial effluents which is the reason for
eutrophication. The other reasons of pollution are dumping
of solid waste as well as immersion of large number of
Ganesh and Durga idols during festivals.

Trparct of Ided fmmersion on lakes

The traditional mud idols have been replaced by plaster of
paris statues, Plaster of paris contains gypsum, phosphorus,
sulphur and magnesiuvm which do not degrade and forms an
impermeable layer at the bottom of the lakes. Particularly,
the colours used in making the idols contain the heavy
metals mercury, lead and chromiumwhich are potential
causes of developing cancer. These materials poison water
bodies by increasing the chemical and organic load
affecting the aquatic organisms in large numbers, hlocking
the natural flow of water and cawsing stagnation and
siltation, Due to the concern raised by the environmentalists
regarding the pollution of the lakes due to immersion of
idols, environment friendly idol immersion is followed
which can reduce the pollution load and restore the pristine
beauty of the lakes. Immersion of idels in antificial ponds is
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also one of the ways to reduce lake pollution. Artificial or

temporary ponds are constructed near the surroundings of

the lakes exclusively for immersion of dols, Continuous
fresh water supply should be ensured into the ponds to
avoid trbidity where the supermatant water overflows
through the holes provided to the artificial pond.

Husgain xagar lake conservation

HMDA {Hyderabad metropolitan development authority)
has started HCTP (Hussain sagar lake and catchment area
improvement project) o improve the quality of Hussain
sagar lake .

The following measures are being followed to improve the
quality of the lake under HCIP.

A, Toprevent encrogchment

# Fencing and bund road formation
# Plantation on the surroundings

B, To improve lake ecosystem

& [nstallation of fountains o increase dissolved
OXYEEN,

* Desilting by dredging

* Removal of aquatic weeds

C. To improve recrearion activities

* Beautification around lake
& [scharge of treated water in the lake

0. To prevemt lake pollution

* Setting of sewage (reatment plants
* Organizing public awareness campaigns

Figure %, View of Sewage treatment plant 04 Hussain sagor ke

Figure. 10, A Deweeding machine removing aquatic weeds

Figure.1 1, Bemutification around Hussiin sagar lake

IX. CONCLUSIONS AND SUGGESTIONS

Urban lakes or water bodies are the first victims of
urhanization and their conservation is a sign of healthy and
sustainable  urban  development.  Lake conservation
strategies if followed strictly by the government and the
people will have environmental and ecological benefits.
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People should be made aware of importance of lakes and
then the laws should be implemented for punishing those
who pollute the lakes. There is also need of setting up
courts dealing only with environmental issues. Nature has
enriched us with & number of resources and it is our duty to
do every possible thing to restore i, The same duty is
recognized under Article 51 A (g) of constitution of India,
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First A. Author' and Second B. Author’

' Name of Institution/Department, City, Countey
Email: first.author{@hosiname | org
*Name of Institution/Department, City, Country
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Abstract: These instructions give you basic guidelines
for preparing camera-ready papers for CVR College
journal Publications. Your cooperation in this matter
will help in producing a high guality journal.

Index Terms: first term, second term, third term, fourth
term, fifth term, sixth term

I INTRODUCTION

Your goal 15 to simulate the usual appearance of papers
in a Journal Publication of the CVE College. We are
requesting that you follow these guidelines as closely as
possible.

A. Full-Sized Camera-Ready (CR) Capy

Prepare your CR paper in full-size format, on A4 paper
(210 x 297 mm, 8.27 x 11.69 in). No header or footer, no
page number,

Type sizes and typefaces: Follow the type sizes specified
in Table 1. As an aid in gauging type size. 1 point is about
(135 mm. The size of the lowercase letter “j" will give the
point size. Times New Roman has to be the font for main
text. Paper should be single spaced.

Marging: top = 30mm (1.18 in), bottom, left and right =
20 mn (0,79 in), The column width is 82mm (3.23 in). The
space  between the two columns s 6mm (024 in)
Paragraph indentation is 3.7 mm (0,15 in).

Left- and right-justify your columns. Use tables and
figures to adjust column length. On the last page of your
paper, adjust the lengths of the columns so that they are
equal. Use auwtomatic hyphenation and check spelling.
Digitize or paste down figures.

For the Title use 24-point Times New Roman font, an
initial capital letter for each word, [ts paragraph description
should be set so that the line spacing s single with 6-point
spacing before and 6-point  spacing  after. Use two
additional line spacings of 10 points before the beginning of
the double column section, as shown above.

Each major section begins with a Heading in 10 point
Times New Roman font centered within the column and
numbered  using  Roman  numerals  (except  for
ACKNOWLEDGEMENT and REFERENCES), followed by a
period, two spaces, and the title using an initial capital letter
for each word, The remaining letters are in SMALL
CAPITALS (8 point). The paragraph description of the

Focnotes: ﬂ-Tn;-inl: Times New Roman Fomt: i,:I.IFI}'rIIE'hI credit, pmjﬂ.'t
number, cormesponding author, cic.

section heading line should be set for 12 points before and 6
points after.

TABLE L
TYPE S[FES FOR CAMERA-READY PAPERS
| Type Appeirance
B S e e
(pts.) Regular Eodd halic

! 6 |Table caption, table superscripts

Section titles, tables, able nomes,
first betters in table captions, figure
caplaons, Toonoles, kexl subscrpls,
and superscripts

] Keterences, awhors” hiographies Absiract [
Authors” alfiliations, main 1exi, [
10 Jequations, first letters in section Subhesding

titles

! 11 |Awthors” names

24 | Paper title

Subheadings should be 10 point, italic, left justified, and
numbered with letters (A, B, ...}, followed by a period, two
spaces, and the title wsing an initial capital letter for each
word. The paragraph description of the subheading line
should be set for 6 points before and 3 points after.

For main text, paragraph spacing should be single
spaced, no  space  between  paragraphs,  Parmagraph
indentation should be 3.7mm/0.21in. but no indentation for
abstract & index terms.

II. HeLpruL Hinrs

A. Figures and Tables

Position figures and tables at the tops and bottoms of
columns, Avoid placing them in the middle of columns.
Large figures and tables may span across both columns,
Leave sufficient room between the figuresitables and the
main text, Figure captions should be centered below the
figures; table captions should be centered above, Avoid
placing figures and tables before their first mention in the
text. Use the abbreviation “Fig. 1,” even at the beginning of
i senlence.

To figure axis labels, use words rather than symbols. Do
not label axes only with units. Do not label axes with a ratio
of quantities and wunits. Figure labels should be legible,
about -point type.
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Figure 1 Nese how the caption is centered in the column,

Color  figures  will be appearing only  in  online
publication. All figures will be black and white graphs in
print publication.

B. References

MNumber citations consecutively in square brackets [1].
Punctuation follows the bracket [2]). Use “Ref. [3]" or
“Reference [3]7 at the beginning of 4 sentence;

Give all authors’ names; use “et al.” if there are six
authors or more. Papers that have not been published, even
it they have been submitted for publication, should be cited
as “unpublished” [4]. Papers that have been accepted for
publication should be cited as “in press™ [5]. In a paper title,
capitalize the first word and all other words except for
conjunctions, prepositions less than seven letters, and
prepositional phrases,

C. Footnotes

Number footnotes separately in superscripts " ' Place
the actual footnote at the bottom of the column in which it
was cited, as in this column. See first page footnole as an
example,

1), Abbreviations and Acronvms

Define abbreviations and acronyms the first time they are
used in the text, even after they have been defined in the
abstract. Do not use abbreviations in the title unless they are
unavoidable.

E. Eguations

Equations should be left justified in the column, The
paragraph description of the line containing the eguation
should be set for 6 points before and 6 points after. Number
equations  consecutively  with equation numbers in
parentheses flush with the right margin, as in (1). Italicize
Roman symbols for quantities and variables, but not Greek
symbols. Punciuate equations with commas or periods
when they are part of a senfence, as in

a+ b =c (1

Symbels in your equation should be defined before the
equation appears or immediately following. Use *(1)," not
“Eqg. (1) or “equation (1), except at the beginning of a
sentence: "Equation (1) 15 .7

F. thher Recommendations

Use either S1 (MKS) or CGS as primary units. (S1 units
are encouraged.) If your native language is not English, try
o get a native English-speaking colleague o proofread
your paper. Do not add page numbers.

1. CONCLUSIONS

The authors can conclude on the topic discussed and
proposed. Future enhancement can also be briefed here.
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