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PREFACE

We cordially invite you to attend the International Conference on Renewable Energy and
Sustainability (ICRES-19) which will be held at Ambica Sea Green HOTEL,
Visakhapatnam on April 5t -6th, 2019. The main objective of ICRES-19 is to provide a
platform for researchers, engineers, academicians as well as industrial professionals from all over the
world to present their research results and development activities in relevant fields of Electrical,
Electronics & Communication Engineering. This conference will provide opportunities for the
delegates to exchange new ideas and experience face to face, to establish business or research

relationship and to find global partners for future collaboration.

These proceedings collect the up-to-date, comprehensive and worldwide state-of-art knowledge on
cutting edge development of academia as well as industries. All accepted papers were subjected to
strict peer-reviewing by a panel of expert referees. The papers have been selected for these
proceedings because of their quality and the relevance to the conference. We hope these proceedings
will not only provide the readers a broad overview of the latest research results but also will provide

the readers a valuable summary and reference in these fields.

The conference is supported by many universities, research institutes and colleges. Many professors
played an important role in the successful holding of the conference, so we would like to take this
opportunity to express our sincere gratitude and highest respects to them. They have worked very
hard in reviewing papers and making valuable suggestions for the authors to improve their work. We
also would like to express our gratitude to the external reviewers, for providing extra help in the

review process, and to the authors for contributing their research result to the conference.

Since February 2019, the Organizing Committees have received more than 62 manuscript papers,
and the papers cover all the aspects in Electrical, Electronics & Communication Engineering. Finally,

after review, about 12 papers were included to the proceedings of ICRES-19

We would like to extend our appreciation to all participants in the conference for their great
contribution to the success of ICRES-19 We would like to thank the keynote and individual speakers
and all participating authors for their hard work and time. We also sincerely appreciate the work by
the technical program committee and all reviewers, whose contributions made this conference
possible. We would like to extend our thanks to all the referees for their constructive comments on

all papers; especially, we would like to thank to organizing committee for their hard work.
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Microstructural Characterization of Calcite Mineral
Precipitation in Bacteria Incorporated Concrete

MK Satya Sai Trimurty Naidu, ¥ M V Seshagiri Rao, ®!V Srinivasa Reddy
[ Research Scholar, Department of Civil Engineering, INTUH CEH, Hyderabad
(% professor of Civil Engineering, CVR College of Engineering, Hyderabad
B! professor of Civil Engineering, GRIET, Hyderabad

Abstract:-- Bacteria promote calcium carbonate precipitation in the form of calcite crystals due to its metabolic reactions. The
formation of calcite (CaCOs) by process of bio-mineralization can be analyzed using various characterization techniques/methods.
The micro-structural observations could improve the understanding of the mechanism of self-healing phenomenon by calcifying
bacteria. The present paper is focused on characterizing the mineral precipitation in concrete by Bacillus subtilis JC3 as calcite
using relevant nanocharacterization techniques such as Scanning Electron Microscope (SEM), X-ray diffraction (XRD) and
Thermogravimetric (TG) analyses and to validate that cracks/ or pores in bacteria incorporated concrete were sealed up by the
precipitation of calcium carbonate crystals grown due to complex metabolic mechanism through nitrogen cycle by Bacillus subtilis
JC3. It was confirmed from the relevant nano-characterization techniques that cracks/pores were sealed up by calcite crystals

grown due to complex metabolic mechanism of nitrogen cycle by Bacillus subtilis JC3.

Index Terms: bacterial concrete, Bacillus subtilis, SEM, XRD, TGA

1. INTRODUCTION

The objective of this research was to observe the
microstructure of bacteria induced cement-sand matrix
and to confirm the presence of calcite crystals using
TGA, quantified by X-Ray Powder Diffraction (XRD)
and visualized by SEM. The
characterization studies establish the fact that the CaCO;

analysis above
is precipitated in the concrete by Bacillus subtilis JC3.
Microbial calcite precipitation was visualized by SEM,
quantified by X-Ray Powder Diffraction (XRD) analysis
and confirmed by TG/DTG Analysis. The samples for
the tests were collected, from the bacteria treated cement
mortar samples and from control specimens i.e., samples
without bacteria, in the form of powders and/or broken
pieces.

Aerobic alkaliphilic microorganisms Bacillus subtilis
strain with accession number JC3 was isolated,
deposited, cultured and grown at JNTUH Bacteria

Discovery Laboratory. Different cell concentrations were

derived from the bacterial growth culture by serial
dilution method. The nutrients used for growth of culture
are - Peptone: 5 g/lit., NaCl: 5 g/lit., Yeast extract: 3 g/lit.
2. RESEARCH FINDINGS

1. Effect of cell concentration on the strength

Effect of cell concentration of Bacillus subtilis JC3 on
the strength of concrete is studied by preparing cement
mortar specimens with different cell concentrations and
tested for their compressive strengths. Maximum strength
is observed for 10° cells/ml of mixing water so this is
taken as optimum cell concentration to be used for
further study. This improvement in compressive strength
was mainly due to metabolic deposition of CaCOs; in the
voids /or pores within cement—sand matrix modifying the
pore structure of bacteria induced cement mortar
specimens. During bacterial growth, the calcium
precipitation process occurs continuously, clogging the
internal pores with calcium precipitate. Results are
presented in Table 1.

This investigation was carried out primarily to
understand the effect of bacterial cell concentration on

the quantity of calcium carbonate precipitation. More
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bacteria with enough nutrients will precipitate more
calcite in the laboratory conditions but in the cement-
sand environment, bacteria mineral precipitating ability
depends on its compatibility with cement-sand matrix.
Bacteria incorporated into cement-sand medium should
not affect the physio-chemical properties of cement-sand.
Hence cell concentration of bacteria plays a key role in
optimizing the performance of cementitious materials.
The appropriate bacterial cell concentration for
maximum calcium carbonate precipitation can be
established by determining the 28 day compressive
strengths of various cement-mortar specimens induced
with different bacterial cell concentrations. The sample
whose 28 day compressive strength was highest
determines the optimum cell concentration for high
amount of crystalline calcite precipitation. Different cell
concentrations were derived from the bacterial growth
culture by serial dilution method.

2. Scanning Electron Microscopic (SEM)
Investigations

Scanning Electron Microscope (SEM) analysis was made
on the broken samples of size 5mmx5mm collected from
the cement mortar cubes cured for 28 days. Improvement
in hydrated structure of cement-sand mortar treated with
Bacillus subtilis JC3 of different concentrations per ml of
culture can be observed in a magnified view (2500x) of
SEM micrographs as shown in Fig 1. The morphology of
the newly formed crystals of rhombohedra shape
suggests that the mineral may be CaCO; and its
formation could be the result of the metabolic conversion
of the nutrients by Bacillus subtilis.

3. X-Ray Powder Diffraction (XRD) Analysis
Mineralogical compositions of the deposited CaCO;
crystals were investigated with X-ray powder diffraction
analysis. Powder diffraction patterns are typically plotted
as the intensity of the diffracted X-rays vs. the angle 26.
The XRD Pattern was obtained by scanning from 2 to 80°

20 using a vertical x-ray diffractometer. In the XRD
patterns, the characteristic diffraction peaks (100%
intensity) occurred, at 26= 18.25° with d value 3.342 (for
quartz) in control cement mortar sample and, at 26=
26.82° with d value 3.035 (for Calcite) in bacteria
incorporated  sample.  Crystal identification is
accomplished by comparing the data (peaks and relative
intensities) from samples with “standard” data provided
by the International Center for Diffraction Data (ICDD).
Fig 2 depicts the profiles of XRD patterns of bacteria
incorporated and normal cement mortar samples. The
areas under the peak are related to the amount of each
mineral present in the sample, The widths of the peaks in
a particular pattern provide an indication of the average
crystallite size.

4. Thermo-gravimetric (TG) Analysis
Thermo-gravimetric Analysis (TGA) is a technique
which measures a sample’s weight as it is heated or
cooled in a furnace. TGA thermal curve is drawn
between temperature on x-axis and weight (mg) or
weight percent (%) on y-axis. The descending TGA
thermal curve indicates a weight loss occurred.
Derivative thermo-gravimetric (DTG) Curves are drawn
between the rate of mass change (%/°C) against
temperature on the x axis, when substance is heated at
uniform rate, as shown in Fig 3. The sample size
considered is 50 mg. During the Thermo-gravimetric
analysis, the precipitated calcite material in concrete was
exposed to temperatures ranging from 50 °C to 900°C at
a rate of 10°C/min in an inert nitrogen atmosphere with a
purge rate of 20 mL/minute. Through performance of the
TGA analysis, the presence of CaCO; in the repair
material is determined. When CaCOj crystals are present
in the repair material, they will decompose into CaO and
CO, upon heating (CaCO; — CaO + CO,). As CaCO;
decomposes between the temperature range of 500-—

700°C a decrease in weight, caused by the release of

IFERP

International Conference Visakhapatnam

2 ISBN: 978-81-940803-3-6



International Conference on Renewable Energy and Sustainability

Visakhapatnam, Andhra Pradesh, 5" 6"’, April 2019

CO,, is expected around that temperature interval for the
samples treated with non-autoclaved, active bacteria. For
the autoclaved bacteria the weight loss is rather small

(2%) while for specimens with live bacteria a significant

decrease in weight is observed (20%) as shown in Fig 3.

CONCLUSIONS

Based on the above investigations, the following

conclusions are drawn:

1. The improvement in compressive strength is due to
deposition on the microorganism cell surfaces and
within the pores of cement-sand matrix, which plug
the pores within the mortar. TG, SEM and XRD
analyses reveal the growth of fibrous filler material
within the pores due to the presence of such
microorganisms. This growth is beneficial in the
modification of the porosity and pore size distribution
of cement mortar. Deposition of a layer of calcite in
the pores of the specimens resulted in a decrease of
permeability and enhances the strength and durability
of concrete.

2. The SEM analysis revealed the dense growth of calcite
crystals embedded with bacterial cells in bacteria
incorporated specimen.

3.The XRD scanning image of powdered bacteria
incorporated cement mortar sample confirms the
presence of high amount of calcite mineral.

4.In the XRD pattern Fig 5.4 (a), of control cement
mortar sample, the characteristic diffraction peak
(100% intensity) occurred, at 26= 18.25° with reticular
plane distance (d) value 3.342 (for quartz ) which
indicates presence of the relatively high amount of
quartz mineral when compared to other minerals
present in the sample. It can also be noted that the
presence of calcite in control mortar sample is due to
formation of hydrated C-S-H gel. In case of bacteria
incorporated sample XRD spectra Fig 5.4 (b), the

characteristic  diffraction peak (100% intensity)

occurred at 20= 26.82° with d value 3.035 (for Calcite)
which confirms the presence of relatively high amount
of calcite crystals when compared to other minerals
present in the sample. This can be attributed to the
copious deposition of CaCO3 in bacteria induced
samples by Bacillus subtilis JC3 during its microbial
activity. So the presence of CaCO3 was substantiated
using X-Ray Diffraction (XRD) analysis. More
number of calcite peaks suggests maximum calcite
precipitation which would thereby reduce the pores in

concrete.

.TGA analysis performed on powdered bacteria

incorporated cement mortar sample showed an extreme
loss of weight at temperature range of 500-700°C
confirming the presence of high amount of CaCOs. It
confirms the presence of CaCO3 in bacteria
incorporated concrete specimens.
REFERENCES
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Table 1 - Compressive Strengths (MPa) of cement mortar specimens induced with various Bacillus subtilis JC3 cell

concentrations

Average Compressive Strength (MPa) = S.D

Cell concentration/ml of mixing water

28 days % Increase relative to control
Nil (Without Bacteria) 55.81+0.10 -
10° 57.23+0.11 2.54
10* 59.52+0.72 6.65
10° 65.79+0.68 17.88
10° 62.21+0.49 11.47
10’ 54.6620.89 -2.06

Cell Concentration —Nil (Control Specimen)

x2.5k  20um

Cell Concentration — 10°/ml (Optimum)

Fig 1: Magnified SEM Micrographs (2500x magnification): Hydrated Structure of Cement-sand Mortar without Bacteria and

with Bacteria incorporated in different concentrations
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A Critical Approach for Energy Conservation In
Irrigation Systems by Optimal Sizing of Pumps

[ Basanagouda F Ronad,  Suresh H Janagmshetti
M2l Department of Electrical and Electronics Engg., BEC(A), Bagalkot

Abstract:-- This paper presents achievement of energy conservation in irrigation systems by optimally sizing the pump and PVC
pipe network. The proposed sizing technique employs irrigation water need, hydraulic head and pump operating hours with an
optimal water flow at 1.5m/s. Based on crop water requirement and available operating hours, diameter of pipe and flow rate are
assessed. The physical conditions of the agri-land are used utterly to determine hydraulic head. Pump capacity to discharge
necessary water over the defined head at best efficiency is obtained from the hydraulic power equation of the pump. The presented
method is employed to identify energy conservation potential at Malaprabha river bed, Karnataka, India. A critical survey of agri-
lands is taken up and optimal sizes are suggested. It is found that, in a span of 1.5 km riverbed, approximately 40% of installations
are in excess. Further, energy conserved, cost savings and possible reduction in CO2 emissions are determined. It is concluded that
proposed method at larger scale, will achieve energy conservation in irrigation loads and drastically reduce burden on power grid

without affecting the water supply reliability.

Index Terms: Energy Conservation, Irrigation systems, Suction and Discharge head losses, Centrifugal pumps, Crop water

Pic Installed capacity in the field (hp or
Watts)

Pac Assessed pump capacity (hp or Watts)

T; Operating hours of installed pump
(Hours)

I1. INTRODUCTION
India is a country with more than six lakh villages and
70% of population is involved in agriculture and
associated activities. Agriculture is the backbone of
Indian economy and contributes a major part in GDP.
Farmers entirely dependent on variable rainfall and
groundwater to fulfill irrigation need of the crops. It is
estimated that, government subsidizes electricity for
irrigation between Rs.30000 and 40000 corers each
year. There are an estimated 21 million irrigation pumps
in India out of which 12 million are on the electricity
grid. Electricity consumption by irrigation pumpsets
alone accounts between 20-25% of India’s total
electricity consumption, which has become burden on
grid. Building further generating units and grid system,
is too expensive. This created difficulty in load
management and lead to load shedding. On other hand,

to serve required crop water within available time,

I. NOMENCLATURE

ETerop Crop water requirement (mm/day)

ET, Reference crop evapotranspiration
(mm/day)

P Mean daily percentage of annual day
time hours

T mean Mean daily temperature ¢C)

T max Average of maximum temperatures in
month €C)

Thin Average of minimum temperatures in
month €C)

Q Water flowrate (m%s or lit/hour)

V Velocity of water flow in PVC pipes
(m/s)

A Cross sectional area of pipe (m?)

d Diameter of pipe (m)

| Length of the pipe (m)

Ve Velocity before expansion (m/s)

Ve Velocity after contraction (m/s)

h¢ Head lost due to friction (m)

he Head lost due to diameter expansion
(m)

he Head lost due to diameter contraction
(m)

hp Head lost due to bends (m)

hi Head lost due to foot Valve and fittings
(m)

H Total hydraulic head (m)

n Efficiency of the pump (%)

p Density of water in (kg/m?)

g Acceleration due to gravity (m/s?)

E. Energy conserved per day (kWh)
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farmers install excessive pump capacities and multiple
pumps. This will cascade the excessive demand on the
electric grid. This issue can be resolved by identifying
the excessive installations and re-sizing them optimally.
The optimized irrigation load will reduce burden on
grid, achieve energy conservation and reduce the CO2
Dr.Bansal had described the

methodology to select rating of irrigation pumps. Sizing

emissions  [1].

is carried based on discharge and head offered. The
detailed methodology to assess the major and minor

head losses is presented [2].

Dr.Guy Fipps discussed the assessment of hydraulic
head and optimal irrigation pump rating. It is shown that
for sustained operation, velocity of water in PVC pipes
must be 5 foot/sec i.e. 1.52m/s. Further, potential
damage to pipe network due to higher velocity is
discussed [3]. Mathew Milnes presented assessment and
significant causes of minor losses. Inference about
improper sizing of pumps is discussed. It is proved that
oversized pump results in excess water and undersized
pump results in inadequate water output [4]. Literatures
discussed the issues associated with design of irrigation
pumps. The previous optimizing techniques of pumping
systems, which have been the subject of numerous
papers, mainly dealt with improvement of effectiveness
of various system components, as well as their better
mutual adjustment, with the aim of total cost reduction
of the pumping system. However, re-sizing the pumps
based on the exact crop water need for achievement of
energy conservation has never been the topic of interest.
The current scenario in Indian agricultural lands has a
great deal of energy saving opportunities. In this regard,
a critical method for sizing irrigation pumps based on
exact water need and land structure is proposed. The

proposed concept is employed in selected agriculture

fields at Malaprabha riverbed, Karnataka, India, to
assess the saving potential.
Il. METHODOLOGY

The proposed method yield the optimal size of irrigation
pump and the PVC pipe network without affecting the
water supply reliability to the crops. The method
incorporates crop water, local field conditions,
availability of electricity supply and hydraulic head for
sizing. The flowchart shown in Fig.1l presents the

methodology employed in the present work.

Survey of Agri-lands: Details of Crop, Pipe
network and Installed system are noted

)

Assess crop water requirement based on local
conditions

v

Decide water flowrate, operating hours, and
optimum pipe diameter

v

Calculate total hvdraulic head offered at the filed

v

| Determine the optimum pump size

v

l Evaluate total savings in energy, cost & reduced CO, |

v

Fig.1: Flowchart representing the methodology

A. Irrigation Water Requirements of the Crops

Crop water requirement is the evapotranspiration due to
environmental conditions. It depends on cultivation
area, type of the soil and percolation property, season of
the year, temperature, latitude of location and type of
the crops grown. Thus, total crop water is assessed by
evapotranspiration, which will yield optimum water
need in mm/day with approximating climatic factors.
The crop water requirement is given by (1) [5-6];

ET,,, = Ko xET,

crop

mm/ day 1)
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Reference crop evapotranspiration (ETO0) depends on
the local conditions of selected site and hence ETO is
assessed by mean daily temperature data using Blaney-
Criddle method for selected site. The assessment of ETO

is presented by (2);

ET, = p(0.46T,_, +8) mm/day )
Tmean — Tmax _2'_Tmin °oC (3)

Mean daily percentage of annual day time hours (p)
varies from 0.24 to 0.30 throughout the year in the
southern part of India. Crop factor (K.) presents water
requirement (ET.o,) of particular crop at varying
growth stages. Four growth stages of crops are
distinguished: initial stage, crop development stage,
mid-season stage, late season stage. Major water
consumption will be during mid-season stage. However,
the length of the different crop stages will vary
according to climatic conditions. With known values of
crop factors and growth period, water requirements can
be calculated for wvarious crops. In the present
methodology, sizing of the pumps is carried for
maximum water requirement conditions i.e for the mid-
season stage of any crop. Thus, the resulting pump will
fit for all seasons and worst conditions. For the site at
Riverbed (15.8351N-75.5394E),

Karnataka, reference crop evapotranspiration were

Malaprabha

assessed for different months. It is observed that
maximum value of ETO is 6.20 mm/day. Further, crop
water requirements for various crops for the selected
site are evaluated. Table.1 presents the crops and water

requirements of major crops grown in selected site.

Table.1.Crop factors at Mid-season stage &
corresponding water requirements of major crops

grown in North-Karnataka, India [5-6]

Crop| Crop | Crop Crop

Crop Fact |Water| Water Water

or | (mm/ | (m%Acre |(lit/Hect./

(Kg) | day) | /day) day)

Sugarcane-SG | 1.15 | 7.13 28.8 71300
Cotton-CT 1.15| 7.13 28.8 71300
Sorghum-SR 1.10 | 6.82 27.59 68200
Tomato-TM 115 | 7.13 28.8 71300
Onion-ON 1.00 | 6.20 25.08 62000
Maize-MZ 1.15| 7.13 28.8 71300
Sunflower-SF 1.10 | 6.82 27.59 68200
Groundnut-GN | 1.00 | 6.20 25.08 62000

B. Assessment of Flowrate and Diameter of PVC
Pipe Network

Water flowrate is the amount of water discharged from
the pump per second. Total water required per day has
to be supplied within the span of electricity supply
hours. Karnataka state government assures six hours of
three phase quality power for irrigation purpose. To size
pump optimally, water flowrate in liters/hour is
accurately assessed based on supply hours. Required
flowrate is given by (3);

Total water required per day in liters
No.of hoursof electricity
lit / hour

(4)

Further, diameter of the pipe network is selected for

Flowrate(Q) =

water flow velocity of 1.5 m/s. For sustained operation
without wear and tear and to prevent water hammer
effect, velocity of water in PVC pipes is limited to 5-6
feet/sec i.e. 1.524 m/s. Water flowrate in m3-/s in terms
of velocity and pipe area is given by (4). Further,

diameter of pipe with flowrate in lit/hour is assessed by

®);

QCubicmtr :V X A m3 / S (4)
— Qi r 5
d _\/ I”%1.248x106) mm ©)

C. Assessment of Hydraulic Head Offered to Pump
As water flows through pipe, it experiences resistance
due to which part of the energy gets lost. Losses

developed on motor depend on elevation of water level
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to be lifted, bends, valves, friction, change in diameter
and length of the pipe. Major loss of head is due to
friction and is assessed from Darcy-Weisbach equation
given by (6). Other losses are minor, as compared to
friction and elevation. However, optimal sizing of pump
necessitates them to be incorporated in the design
procedure. These losses are assessed by (7)-(11). Major
and minor losses together referred as dynamic head.
Elevations at suction and discharge sides are termed as
static head. Static head at suction side is variable in
small reservoirs. On other hand, this head remain
constant in riverbed pumps. Thus, total head offered to
pump is sum of dynamic and static heads. This is
presented by (12).

line with best efficient condition of the pump. For given
pump rating, optimum combinations of flowrate and
head can be selected from manufacture data sheet. It is
observed that an increased diameter of discharge
terminal handles larger heads, for the same power
rating.

E. Energy Conservation, Cost Savings and CO2
Reduction

Sizing is carried for six hours of operation per day. In
practice, farmers operate the irrigation pumps during
three phase supply for minimum six hours and against
law, few more hours, using the condensers in one of the
phases. This will create drastic change in the energy

consumption pattern of the installed capacities with

Head lost due to ho_ 41V 2 . ©) newly assessed pump ratings. Energy conserved per day
friction, " 2gd by assessed pump over installed pump is given by (14).
Head lost due to h = (Ve —Vae)® m ) As the sizing is carried for mid-season stage of the
expansion, ¢ . . . .

P 22g crops, energy consumption during other periods will be

KV
CHoer?t?;;?;gue 0 h, = TSC m 8) much lower.
Head lost due to 90° | _ 45£ " © E. = 0.745[(P, xT,) = (Pac X Tonour)]  kWh  (14)
bend, ’ g In Karnataka state, electricity is being supplied freely
4H5e°i,der|]?15t due to h, =0_25£ m (10) for farmers and don’t have metering provision for
' 92 consumption monitoring. In such scenario, tariff
Head lost due to foot \
Valve hg = 0-755 m (11) structures can’t be used to evaluate cost savings. This
Total Head(H) H=H,,+Hg.. m (12) lead for assessment of generation cost savings with
y static ynamic

reduced consumption. With standard generation cost of

D. Assessment of Pump Rating

HP rating of the pump is power required to lift water
with desired flowrate against total head at the field.
Pump capacity is assessed by hydraulic power equation,

given by (13).

P = £ %9 % Qeupicne X H W (13)
n

The pump rating is assessed at Best Efficiency Point

(BEP), 70%. Cross verification is carried with selected

diameter, pump rating in the performance sheet. The

combination of power rating, head and flowrate must in

1.9 Rs/kWh is employed for analysis. Cost savings in
the generation side by assessed pump per day during the
mid-season stage is given by (15) [7].

Cost Savings = E_ x Cost per kWh  Rs. (15)

The reduced CO2 emissions are determined by standard
emission protocol of India for CO2 emissions per kWh
generation. It is estimated that, each unit of generation
in India accounts for 0.909 kg of CO2- [8]. Thus,
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reduction in emissions per day during mid-season stage

is assesses by (16).

CO, emissions reduced = E; x0.909  kg. (16)

IV. RESULTS AND DISCUSSIONS

A. Survey carried at Malaprabha riverbed

A critical survey is conducted with farmers and details
of agriculture land and pumping units are collected.
Installed pump capacity, length and diameter, fittings
and bends in pipe network, crops grown, size of land,
number of gaps in irrigation and number of hours of
pump operation are noted. Walkthrough survey revealed
that most of the installed ratings are oversized. Further,
based on their water need and field conditions optimal
pump rating is suggested for each case. The results
depict the large energy conservation opportunity in
irrigation systems for selected 30 agriculture lands.
Existing total capacity of 250 Hp is optimally brought
down to 129 Hp without affecting the water supply
quantity.

The systems are designed for peak water requirement
conditions i.e for the mid-session stage of the sugarcane
crop. Thus the identified rating will be sufficient for all
seasonal conditions. From 30 cases 121 Hp (48.4%)
excessive installations are identified, resulting in 540
kWh units of energy conservation per day, savings in
generation cost of Rs.1027 per day and reducing the
CO2 emissions by 491 Kg/day. Few cases are
identified, where lesser capacity is installed and crops
running short of water. However, in total for 50 cases
along 1.5km length of riverbed, 30% of excess
installations are identified. With the proposed concept
and sizing pumps optimally, significant energy can be
saved without affecting the crop water requirements.

Comparison of installed pump capacity and assessed

pump capacity for 30 cases is shown in Fig.2. It is
observed that most systems are oversized and are

suggested with standard pump sizes of optimal capacity.

12

= Suggested Capacity (hp)

2
HI Iul"lllll ||“|.I|l‘|i|l

1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Farmers

Fig.2: Comparison of Assessed and installed

m Assessed Capacity (hp) Installed Capacity (hp)

PumpRating, hp
-

-

capacities
Fig.3 presents the comparison of energy consumed per
day by existing pump capacity and optimum sized
capacity with reference to excess capacity identified in
each case. The assessment of energy conservation is
carried for 6 hours of the electrical supply hour. Results
revealed that, every installation possess the
conservation potential irrespective of the installed sizes.
Energy conservation increases with increase in excess
capacity installations. With 1.9 Rs/kWh generation cost,

the savings in cost are assessed.

o
3
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2 =
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=
o
8

 Energy Consumed by Existing Pump in kwh/day Energy Consumed by new Pump in kwh/day
a
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I
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Fig.3: Comparison of energy consumed with excess
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CO2 Emissions reduced per day in kg

o
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Fig.4: Comparison between cost saving and CO2
reductions

Fig.4 indicates the generation cost savings and
reduction in CO2 emissions per day. It clearly presents
the outcome benefits associated with cost savings from
generation and potential to mitigate the CO2 emissions

by the proposed concept of energy conservation.

CONCLUSIONS
Energy conservation opportunity in irrigation systems
and solution is presented in the paper. Methodology for
optimally sizing the pumps based on water need and
local hydraulic conditions was proposed. Survey was
conducted for 50 agriculture lands at Malaprabha
riverbed and optimal sizing of pumps was carried for
each case and suitable standard pump sizes were
suggested. For 30 cases of the survey, optimal sizing of
pumps indicated excess installations of 48.5%, 540
kWh of energy is conserved per day, saving Rs.1027
and reducing the CO2 emissions by 491 kg/day. Results
proved that, significant energy can be conserved by
optimally sizing the pumpsets. It was concluded that,
implementation of the proposed scheme in large scale,
will be a boon for the energy conservation and reduces

the burden on national grid.
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Abstract:-- The transmission system plays an important role in delivering energy from the generating stations to load centres which
are located remotely .As the power plants are interconnected via the transmission system network, this lowers the overall
generation cost and improves the reliability of the system. The Introduction of Deregulation and its open access policy in electricity
sector has brought completion in the market participants. In this paper Grasshopper Optimization Algorithm (GOA) are used for
optimal location and setting of FACTS Device so that the real power loss is reduced. The GOA algorithm is tested to the real power
loss reduction on IEEE 30 bus system to demonstrate its high efficiency with TCSC. After reducing the transmission loss, allocation
of transmission loss can be done using postage Stamp method and power flow tracing method.

Index Terms: Grasshopper Optimisation Algorithm (GOA), Real power loss minimization, Deregulation, Transmission loss.

I. NOMENCLATURE

Power system restructuring necessitates the need to
explore the unused potential of existing transmission
system capacity to overcome hurdles like environmental
and capital investment costs. FACTS devices can reduce
the system losses, increase power transfer capability and
stability. As the expansion of transmission network
involves several financial, social and technical problems
efforts are made to optimally utilize the existing electric
power systems effectively. Increased line flows and
losses result in power system restructuring effectively.
Here FACTS play a vital role in Transmission system.

Generally this is achieved by the introduction of the
variable impedance device like capacitor, inductor or
regulating the reactive power flow in the system. For
ideal transmission the active power should be equal to
the apparent power. In other words power factor should
be unity and the transmission line is considered to be loss
less this is where the role of FACTS came in to picture
One of the major issues in deregulated power system is
transmission loss minimization and transmission loss
allocation and cost allocation to the market participants.
Roughly 3 to 6% of total generation cost is incurred by
the transmission, which cost about some million dollars
per year so the transmission loss has to be minimized by
reducing the losses in an efficient manner.  Allocation

of transmission loss also became a contentious issue
among the electricity producers and consumers. Since the
generators and consumers are connected to the same
network, action by one participant can have significant
effect on others making it difficult to investigate the cost
and each participant is responsible for it due to non -
linear nature of line flows. Therefor it is necessary to

FACTS is a conventional AC Transmission system, the
ability of the power transfer is limited by the factors like
thermal limit transient stability limit of the voltage and
short circuit current and this limits define the maximum
electric power which can be effectively transmitted
through the transmission lines without causing any
damage to the electrical equipment and the transmission
line.
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allocate the real power losses effectively without
affecting the market participants.

A closed form of solution for transmission loss
allocation and loss reduction does not exist due to the
fact that transmission loss is a highly non-linear function
of system states and it is a non-separable quantity. In
absence of a closed form solution different utilities use
different methods for transmission loss allocation and
loss reduction. Most of these techniques involve
mathematical operations and simple circuit laws.

The main objective of this work is to minimise
the transmission losses by incorporating TCSC device
using Grasshopper optimization Algorithm. After
reducing the transmission losses, loss allocation can be
done by postage Stamp method and power flow tracing
algorithm for fair allocation of losses transparently
without affecting the other market participants, based on
these techniques the overall cost of generation can be
reduced in Deregulated Power System.

In this work, the GOA are applied to optimal real
power minimisation problem by finding the optimal
location and setting of FACTS devices like TCSC for
IEEE 14 bus systems. Finally, the validity analysis on
GOA is added in this paper.

In subsequent sections modelling of TCSC Device
can be done using Grasshopper optimization Algorithm
(GOA) and Transmission loss allocation methods of
postage stamp and power flow tracing method are
discussed and finally conclusion is drawn for IEEE 30
Bus system.

11 PROBLEM FORMULATION

The objective of this work is to reduce the real power
loss. The minimisation involves number of equality and
inequality constriants.

2.1  Objective function

The main objective of this work is to identify the
optimal settings of reactive power control variables
including the rating shunt of VAR compensating devices
which reduce the real power loss and voltage deviation.
Hence, the objective function can be expressed as

f = min(Poss) (21)

The total real power loss of the system can be
calculated as follows.

Ploss = Xi=qijy 8k(Vi* + Vi — 2VV; cos(8; — ;) (2.2)

Where, n is the total number of lines in the system; gy
is the conductance of the line ‘k’;V; and Vj are the
magnitudes of the sending end and receiving end
voltages of the line; §; and &;are angles of the end
voltages.

2.2 Constraints

Various equality and inequality constraints present in
the minimisation problem can be given below

2.2.1  Equality Constraints

The equality constraint for a given load at ith bus is
given by following equations

PGi - PDi - Zlnzbl V1V]Y1] COS(ei]‘ - 8] - 81) =0 (23)

Qi — Qpi — Z}l=b1 ViViYysin(6; — 8, — 8;) = 0 (2.4)
Where Pg; , Qg; are the active and reactive power of
ith generator respectively,Pp;, Qp; the active and reactive

power of ith load bus, 6;; the angel difference between ith
& jth bus, nb number of buses.

2.2.2  Inequality Constraints
a. Reactive power limits

Generator voltage and reactive power of ith bus lies
between their upper and lower limits as given below.

QUM < Qy < QM;i € nsvc (2.5)
min 2% are the minimum and maximum reactive

power of the ith generator.
b. Voltage constraints
Vmin <V, < VM, € nb (2.6)

Where, Vit ymaXare the minimum and maximum
limits of the ith unit.

c. Transmission line flow limit

§; < SMX;j € ni 2.7)
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Where §; the apparent power flow of ith is is branch
and 6"** is the maximum apparent power flow of ith
branch.

d. Tap position Constraints
T < Ty < Tmax (2.8)

Where T™M | T/M3X gre the minimum and
maximum taps setting limits of ith transformer.

111 Modelling of FACTS devices

3.1 Thyristor controlled series compensator(TCSC)

TCSC is a series compensator that can exhibit both
capacitive and inductive characteristics to either decrease
or increase the reactance of the line respectively. The
increase in transfer capability of the transmission system
by reducing the transfer reactance can be easily achieved
by the smoothly variable series reactance characteristics
of the TCSC. This improves the loadability of the
system.

TCSC is modelled as shown in the fig.1. It can be
placed at branches other than the transformer branches in
the system by the following formulae the reactance
values are updated in the system.

Xnew = Xiine T Xtcsc (3.1)
Xrcsc = r'resc * Xiine
(3.2)

Where X,. IS the new reactance of the branch by
adding Xtcsc, Xiine 1S the old reactance of the branch,
XTCSC is the variable reactance of the TCSC, rycsc IS
percentage compensation of reactance.

Jresc

F

Fig.1 Model of TCSC

IV Optimization Algorithms

4.1 Grasshopper Optimisation Algorithm(GOA)

The GOA algorithm mimics the swarming
behavior of grasshoppers in nature. Grasshopper, a pest
insect, exhibits swarming behavior in finding their food
source. These grasshoppers perform swarming behavior
in both nymph and adulthood. In GOA, the position of
the grasshoppers in the swarm represents a possible
solution of a given optimization problem [16]. The
position of the ith grasshopper is denoted as Xi and
represented as given in (4.3)

Xi=Si+ Gi + Ai
(4.3

Where Si is the social interaction, Gi is the
gravity force on ith grasshopper, and Ai shows the wind
advection. The social interaction discussed as follows:

Si = ZjN=1,j¢i S (dij) al\] (4.4)

Where dj; is the distance between ith and jth
grasshopper and it is calculated as dy=|x; — x|, s is a
function to define the strength of social forces as shown
in (4.4), and Hl\lzx"d_i;(i is a unit vector from ith

grasshopper to the jth grasshopper. The G component in
(4.3) is calculated as follows:

G = —gég
(4.5)

Where g is the gravitational constant and €; shows a
unity vector towards the Centre of earth. The A
component in (4.3) is calculated as follows:

A; = ue,,

(4.6)

Where u is a constant drift and €, is a unity
vector in the direction of wind. By combining all the
above terms we can form a mathematical model is as
follows:

=T mte( - ) 5) 4+ @)

j#i

here ubd is the upper bound in the d-th
dimension, Ibd is the lower bound in the d-th dimension
s(r) =fe /1—eT, Ty is the value of d-th dimension in
the target (best solution found so far), and c is a
decreasing coefficient to shrink the comfort area,
repulsion area, and attraction area. Note that S is almost
similar to the S component in (4.3). However, we do not
consider the gravity (no G component) and assume that
the wind direction (A component) is always towards a
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target (Ty). It should be noted that the inner c
contributes to the reduction of repulsion/attraction forces

between grasshoppers proportional to the number of

iterations, while the outer ¢  reduces the search coverage
around the target as the iteration counter increases .The
parameter ¢ is updated with the following equation to
reduce exploration and increase exploitation proportional v
to the number of iteration:

Run load flow using NR method

Obtain the power flows and losses for
IEEE-30 Bus system

Cmax~Cmin

C=Cpax — 1 L

(4.8) |
Where ¢, is the maximum value, c,,;, is the Obtain the contribution of losses to the loads
minimum value, | indicates the current iteration, and L is and generators u_sing tran;mission loss
the maximum number of iterations. allocation equations
V Transmission loss allocation methods:

5.1. Postage Stamp Method: v

In this method the total loss is first divided into two Allocate the losses to all the transactions w.r.t
groups that is generator losses and load losses and generators and loads respectively.
assumed to be 50% of losses are allocated to generator ¢

and 50% of losses are allocated to loads which is to be
predefined, the losses then allocated to each generator
and load in proportion to their generation and
consumption. This method is simple and easy to

understand it is transparent and no complex calculations . Power flow tracing algorithm works on the
involved. Though it is simple but it has certain principle of Kirchhoff’s current law which requires the

. assumption of the proportional sharing of the network
disadvantages. usage[1].With this principle losses are allocated
proportionally by considering the network flow conditions.

TL PG j This method allows to allocate the transmission losses to

2 PG individual loads and generators by analyzing the topology
TL PD. of the network flows. In this method the distribution factors

LPy; = — —1 can be determined by a simple inspection of network flows
2 PD and in this method counter flows exist and negative

generalized factors tended to correspond to zero to
topological factors and would be given zero contributions.

Where, PGj, PDi- real power generation and load at buses i So the loss allocated to that particular transaction is zero.

End

5.2. Power flow tracing (PFT) algorithm.

(5.2)

and j These are the advantages of this method.
PG, PD —Total power generation and load of this Let us consider a network of ‘n’ nodes, b
system branches and P,Q,P¢,Qg,Pp, and Qp as nx1 vectors of
LPGj—Losses allocated to the generator i nodal flows, nodal real and reactive power generations and

nodal loads respectively and the branch flow matrix F
(nxn)can be obtained from load flow solution. Here
LPDi-Losses allocated to the demand j Kirchhoff’s current law is used to express branch flows as
L-Total losses of the system the sum of components supplied from individual generators
or to loads[4].
Algorithm for postage stamp method:

Pr-s(grOSS):(Prs/Pr)E[Iu(r,k)] Pgk for S€O‘rd (53)

Where,

Select desire load and generation with
IEEE-30 Bus system

IFERP International Conference Visakhapatnam 16 ISBN: 978-81-940803-3-6



International Conference on Renewable Energy and Sustainability

Visakhapatnam, Andhra Pradesh, 5" 6"’, April 2019

o= set of nodes supplied from node r

P, = nodal power

K= Buses (generator bus)

Psk= generating power at bus k

Pg=branch power flow (r € upstream, s € down stream)
I,= upstream distribution matrix

[Iu]rs = 1 for r=s

-|Psl/P; fors € o,"
0

otherwise

Limits of Generation Reactive Power

Bus 1|2 5 8 11 |13

Qmax 0|50 40 |40 |24 |24

omin | o0|-40 |40 |10 (-6 |-6
Limits of Voltage and Tap settings

VGmax Vgnin V;;éax Vgréin T}:nax Tlgnin
1.1 0.95 1.1 095 1.05 0.95
Limits of FACTS devices
TCSC pmax pmin
0.5 -0.5
Pr-s"=(P1s/P)Z[Ig(jo]Pox for s€ay” (5.4)

Where,
Ppk= load at bus K.
K=buses (load bus).

Pis=branch power flow (s € upstream, r € downstream).
a,'= set of nodes supplying node i.
I;=downstream distribution matrix

[ld] ij= 1 for |=]
-Pgl/Ps forj € o,°
0 otherwise

From the\assumption of the power flow tracing algorithm
50% of total losses are allocated to the generation and 50%
of total losses to the load demand. The final generation and
demand per bus are computed as,

l)’Grz (Pr-snet"'l:>er)/2 (5-5)

’Ds: (Pr—s (gross) "'F)Dr)/2 (56)

Finally the real power losses allocated to each generator
and demand are computed a

L’Gr:F’Gr'PGr’ (57)

L’ps=P’ps-Pos (58)
From the mathematical analysis, the proposed algorithms
are tested for standard IEEE 30 Bus system with

MATLAB/Simulink environment, which is discussed as
case studies in the subsequent sections of this paper.

VI Results and Discussions

6.1Results for IEEE 30 bus system

The IEEE 30-bus system shown in Fig.6 consists of 41
branches, six generator-buses 1, 2, 5, 8, 11 and 13, and 4
branches 11, 12, 15 and 36 under load tap setting
transformer branches. The bus 1 is selected as slack bus,
the bus numbers 2, 5, 8, 11 and 13 as PV-buses. The
others are PQ-buses. The system data, variable limits and
the initial values of control variables were given in the
Table. 1 below.

Table 2.Initial limits of IEEE 30 bus system control
variables

Results of IEEE 30 bus system with TCSC

Control Variables GOA
V1 1.1000
V2 1.0802
V5 1.0591
V8 1.0906
V11 1.0442
V13 1.0634
T6-9 0.9754
T6-10 1.0190
T4-12 0.9759
T28-27 0.95690
Optimal TCSC  branch 16 - 17
between the buses

r -0.4233
Xnew 0.11089
Ploss 0.18572p.u.

Table-3 power flow profile for IEEE 30 Bus system
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Table—4 Loss allocation to loads for IEEE-30 Bus

Table-5 Loss allocation to Loads for IEEE-30 Bus

Transmission loss — MW without FACTS Device

With  FACTS
Without device
. - Load No Postage Stamp | Power flow
FACTS device | With TCSC Method tracing Method
Real  power 2 0.7164 0.2978
From To loss Real power loss 3 0.0792 0.0484
bus bus (MW) (MW)
1 2 6.072 5.566 4 0.2509 0.2015
1 3 3.727 3.525
5 2 1299 T1o1 5 3.11 3.1464
3 4 1.03 0.946 6 0.00 0.00
2 > 3.130 2902 7 0.7527 0.9513
2 6 2.352 2.189 : :
4 6 0.752 0.712 8 0.9905 1.0178
5 7 0.113 0.105
6 7 0.331 0.305 9 0.00 0.000
6 8 0.102 0.098 10 0.1915 0.1861
6 9 0.000 0.00
6 10 0.000 0.00 11 0.3302 0.3208
9 11 0.000 0.00 12 0.3698 0.2970
9 10 0.000 0.00
4 12 0.000 0.00 13 0.3302 0.2652
12 13 0.000 0.00 14 0.2047 0.1899
12 14 0.055 0.045
12 15 0.149 0.129 15 0.2707 0.2582
12 16 0.036 0.037
2 1 5003 5005 16 0.1156 0.1029
16 17 0.014 0.026 17 0.2971 0.3071
15 18 0.030 0.027
18 19 5004 0007 18 0.1056 0.1099
19 20 0.023 0.03 19 0.3136 0.3371
19 20 0.099 0.120
10 17 0.034 0.05 20 0.0726 0.1113
10 17 0.188 0.207 21 0.5778 0.6521
10 22 0.028 0.02
21 23 0.002 0.004 22 0.000 0.000
15 23 0.013 0.036 23 0.1056 0.1137
22 24 0.044 0.032
23 24 0.002 0.004 24 0.2872 0.3337
24 25 0.054 0.029 75 0.00 0.000
25 26 0.042 0.039
25 27 0.037 0.041 26 0.1156 0.0964
28 27 0.000 0.00 57 000 3000
27 29 0.083 0.076
27 30 0.156 0.143 28 0.00 0.000
29 30 0.032 0.03
5 o 0002 000 29 0.0792 0.1147
6 28 0.065 0.066 30 0.35 0.5573
Total | 20.034 18.572
otal T0Sses Total 10.017 10.017
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System with FACTS Device

Transmission loss — MW With FACTS Device

Table 6 Loss allocation to Generators for IEEE-30 Bus
System without FACTS Device

Load No Postage Stamp | Power  flow Transmission loss - MW
Method tracing Generator | Postage Stamp | Power flow
Method No Method tracing
2 0.6641 0.2735 Method
3 0.0735 0.0446 1 8.778 9.289
2 1.238 0.726
4 0.2326 0.1851 Total 10.017 10.017
5 2.8831 2.8994 ]
Table. 7 Loss allocation to Generators for IEEE-30 Bus
6 0.00 0.00 System with FACTS Device
! 0.6978 0.8742 Transmission loss — MW with FACTS Device
8 0.9182 0.9376 Generator | Postage Stamp | Power flow
No Method tracing Method
9 0.00 0.000 1 8.1322 8.6006
10 0.1775 0.1711 2 1.1536 0.6854
Total 9.286 9.286
11 0.3061 0.2951
12 0.3428 0.2729 From the results of IEEE-30 bus system, it can be observed
that, in Power flow tracing Method the network is taken in
13 0.3061 0.2436 to consideration, allocation can be done. It allocates the
14 0.1898 0.1737 losses of 9.286MW to the generators and loads equally.
15 0.2510 0.24 From the results of IEEE 30 bus system it can be observed
that, all the methods allot zero loss to the transfer bus
16 0.1071 0.0977 which has zero injection power.
17 0.2755 0.3026 V.Conclusion:
18 0.0979 0.1028 In Postage Stamp method the structure of the
19 0.2908 0.3249 network is not taken into consideration and it is based on
20 0.0673 0.1081 the average cost, irrespective of the transmission dls_tance
and network structure of the system for a particular
21 0.5356 0.6129 transaction. The transmission charges for two loads of
22 0.00 0.00 same rate, out of which one is very near to generator and
3 0.0979 01241 other is very far away from the generator and it is
' ' obvious that the transmission network use by the other
24 0.2663 0.3096 loads is more than the first. In order to avoid the above
25 0.00 0.000 dis-advantages power flow tracing method is used.
26 0.1071 0.1277 Power flow tracing Method takes the network in
27 0.000 0.00 to consideration and allocates the real power losses
23 0.000 0.00 proportionally to all the transactions. But here
assumptions are made that the line inflows are equal to
29 0.0735 0.0958 the line out flows. This method does not depend up on
30 0.3244 0.489 the choice of the slack bus and some market participants
Total 9286 9286 are getting extra burden for loss allocation with the
equal division of losses to generators and loads. This
method gives accurate results compared to the Postage
stamp Method .
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Future scope: Here in this paper only real power losses are

considered for loss allocation. The above two methods can
be extended to

other Facts Devices using different
optimization Algorithms and then the real power losses and
then can be allocated the losses to the market participants
for better voltage stability and cost allocation can also be
done which is a major issue in today’s competitive market.
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A New Innovative Prepaid Energy Meter Using
Arduino and IOT
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Abstract:-- In present generation technology has been developed to a large extent. Smart phones play the major role in everyone's
life. By using best technology | am designing a prepaid electricity bill using arduino and 10T module for domestic and commercial
purpose. Generally the electricity reading is done by human beings. Humans are going to each and every house for electric reading.
Sometimes it is not possible for them to go to some places because of bad weather conditions or floods etc. Sometimes the electric
meter is not accessible for the human operator. So, by using this we can avoid such problems.

Index Terms: Arduino Kit, IOT module, Energy Meter, Current sensor, etc

1. INTRODUCTION

Prepaid Electricity card is a good concept in which we can
recharge the balance because like, we do recharge in our
phones. In this project we are designing a system by using
Arduino and IOT module. We can recharge the prepaid
card by using the RFID card. In this project we are using
an app called blink. If the balance is low or zero then it can
automatically cutoff the power supply connection and
intimates to the user by sending a message to their phone.
The system will read the recharge card and automatically
sends the updates to the user like low balance alert, cutoff
alert and recharge alert. We can recharge the prepaid card
in various ranges like Rs.50, Rs.150 etc. According to the
power consumption, the amount will be reduced. We are
using a relay system which shutdown or disconnect the
power supply when the recharge amount is over. Here we
are using a buzzer which acts like alarm when it reaches to
minimum balance.
Why Prepayment- From supplier point of view?
Pay before use
Keep customers on supply
No bill production
No bill distribution
No need to chase payments
Customer responsible for disconnection
Social acceptability
Load and demand side management
1.1Why prepayment — From customer point of view?

e >B80% mobile phones used in India are prepaid

Flexible payment solution

2. LITERATURE REVIEW

Electricity meter reading is done by human operator, this
requires more number of time for billing. Due to the
development of number residential buildings and
commercial buildings the electricity meter task can be done
by more number of human operators. It should be clear that
such type of methods will take long time and doesn't
complete the work within the time. In addition to this we
can get large number of errors incorporated in the reading
process and this type of system can't provide transparency.

3. COMPONENTS USED

ARDUINO(ATMEGA328P-PU)
ANALOGUE ENERGY METER
OPTOCOUPLER(4n35)
CURRENT SENSOR(ACS712)
RELAY DRIVER(ULN2003)
LCD 16*2

3.1 ARDUINO (ATMEGA 328P-PU):-

The ATMEGAS328 is a single chip microcontroller created
by “ATMEL” in the mega AVR family. It has a modified
“HARDVARD?” Architecture 8-bit RISC processor code.
Features:

e The ATMEL 8-hit AVR RISC based
microcontroller combines 32KB and 1SP flash
memory with read-write capabilities
1KB EEPROM
2KB SRAM

e Pay to suit your income status 23 general purpose 1/O lines
 Daily, weekly, monthly budgeting 32 general purpose working registers
° Show true cost of Consumption and money left 3 flexible timer/counters with modes internal and
. external interrupts
e serial programmable USART
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A byte-oriented 2 wire serial interference

SP1 serial port

6-channel 10-bit A to D converter

Programmable watchdog with internal oscillator

and with 5 software selectable power saving

modes

e The device operates between 1.8-5.5 Volts. The
device achieves throughput approaching 1MIPS
per MHZ.

e A common alternative to the ATMEGA328 is the

“PICOPOWER”.

Fig.1. Arduino (ATMEGA 328P-UP)

3.2 ANALOGUE ENERGY METER:-

Analogue or Analog meter is also known as
electromechanical. The simple meter spins or moves
forward when you are using electricity. The number of
times the disc moves forward or backward determines how
much electricity you are using to the electric grid.

Features:

e Cost-effective and flexible single-phase Energy
Meter

e Detects signals and continues to measure
accurately under at least 20 different tamper
conditions

e Secure and reprogrammable Flash memory

e One-time, quick and accurate digital calibration

e Active power, voltage and current measurements
are easily accessible

e USART interface

prevent high voltages from effecting the system receiving
the signal.
Opt coupler or Opt isolator means the control signal is used
purely as a differential signal between Vcc and the control
signal both sourced from the controlled circuit. Ground
potential difference won’t affect the operation.
Features:

e Isolation test voltage 5000 VRMS

e Interface with common logic families

e Input-output coupling capacitance<0.5pF

e Industry standard dual-in-line 6 pin package
Applications

e AC mains detection

e Reed relay driving
e  Telephone ring detection
e Logic ground isolation
4N35
0
ANODE 1 ]6 BASE
N ]5 COLLECTOR
CATHODE 2]
NC 3[l— ] 4 EMITTER

Fig.3. Opto-coupler (4n35)

3.4 Current Sensor (ACS712):-
A Current sensor is a device that detects electric current in
a wire, and generates a signal is proportional to that
current. The generated signal will be analog voltage or
current or even a digital output. A current carrying wire
produces a magnetic field. Current sensing resistors are
used when the current is directly measured in the circuit.
Features and Benefits:

e Low-noise analog signal path

o Low-power AVR  Microcontroller  allows e Device bandwio!th is set via the new filter pin
operation down to 1.8V * 80 KHZ bandwidth _
e Small footprint, low-profile SOIC8 package
e 66 to 185 mV/A output sensitivity
e  Output voltage proportional to AC or DC currents
e Factory-trimmed for accuracy
e Nearly zero magnetic hysteresis
Fig.2. Analogue Energy Meter

3.3 Opto-coupler (4n35):-

An Opt coupler is a semi conductor device that uses a short

optical transmission path to transfer an electrical signal

between circuits or elements of a circuits, while keeping

them electrically isolated from each other. Opt coupler
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Fig.4 Current Sensor (ACS712)

3.5 Relay Driver (ULN2003):-
A Relay driver IC is an electro-magnetic switch that will
be used whenever we want to use a low voltage circuit to
switch a light bulb ON and OFF which is connected to
220V mains supply. The ULN2003 is an array of 7 NPN
Darlington transistor capable of 500MA, 50V output. It
features common-cathode fly back diodes for switching
inductive loads. It can come in PDIP, SOIC, SOP (or)
TSSOP packaging.
Features:

e 500-mA-Rated Collector current
High-voltage outputs:50 V
Output clamp diodes
Relay drivers
Stepper and DC Brushed Motor Drivers
Lamp Drivers
Display Drivers
Line Drivers

IN 1 |[——-Do-t:—]|s ouT 1

IN 2 2[—D¢>T;»——J|5 our 2
IN 3 3[»—-Do[ }u outr 3

IN & 4[—~D01,H Ji3 our «
IN 5 5[——-D&[» }'z ouT s
IN & sl——Don }n ouT &
IN 7 1i—Dc }lo outr 7

[] g COMMON FREE
GNO "l PH—]9 WheELING DIODES

$-197711

Fig.5. Relay Driver

3.6 LCD Display (16*2):-

LCD stands for LIQUID CRYSTAL DISPLAY.LCD is the
technology used for displays in notebooks and other
smaller computers like light emitting diode (LED) and gas-
plasma technologies, LCD allows displays to be thinner
than cathode ray tube (CRT) technology. A 16*2 LCD
display is basic module and is commonly used in various
devices and circuits. These modules are preferred over
seven segments and other multi segments LED’s. In 16*2
alphanumeric LCD there are 2 rows and 16 columns. There

are 8 data lines from pin number 7 to pin number 14 in an
LCD. In this LCD each character is displayed in 5*7 pixel
matrix and it has two registers namely, command and data.

Fig.6. LCD Display

4. WORKING PRINCIPLE

Here we have interfaced electricity energy meter with
arduino using the pulse LED.
When we switch on the system then it reads the previous
values stored in the EEPROM and then it checks the
available balance with the predefined value and work
according to them. If available balance is greater than Rs
20 then arduino automatically turns on and provide power
supply to the home. If the balance is less than Rs 20 then it
sends the alert message to the user phone. If the balance is
less than Rs 5 then the arduino turns off and the connection
will lost and sends the message to user phone. We can get
all the messages in a app called blynk.
We need to recharge the prepaid card by placing the card in
front of the RFID reader then it scans the card and
automatically recharges the amount. We are using a current
sensor for calculating the total power consumption of the
system.

BLOCK DIAGRAM
LC.D
>
RFID A
Reader g = P%“W = Dﬁ%m
! Cumen
or K
- Buzzer
R&.U

Fig.7 Block Diagram

Working Flow Chart:
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Initialize TOT and
Read balance

Send msg “Electricity
cut due to insufficient
balance™

Read load current,
show load wattage
onLCD

Send msg “Your
balance 15 low
please recharge™

Fig.8. Energy Meter Using Arduino and IOT

5. RESULT

When the supply is provided to the meter, initially the
LCD will turn on. We have set the recharge amount up to
Rs 999. The costumers can recharge according to their
requirement. Whenever they switch on the supply the
power will consume and reading are updated in the app .If
the customer wants to know how much amount used how
much amount left then they can see the LCD display or
they can check the app also. If the balance is low then the
customer will get the alert message and the buzzer also
sounds.

6. CONCLUSION

In present situation all customers are using manual
communication. To reduce the manual efforts and human
efforts we are implementing a automated system which
monitors all the parameters and functionality between the
customer and electricity board. Also, by implementing this
system we can control the usage of electricity and avoid
wastage of power. By using this system we can save the
customer and human operator time and customers can
easily monitor their usage of current. An attempt is made
in which interfaced with static electronic energy meter is
avoided where in complexity of the circuit is reduced and
cost also gets reduced.
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Abstract:-- Technology is playing a vital role in enhancing security. Without cameras, detectors and alarms world would be unable
to identify threats and respond appropriately. An approach is to be made where an illiterate can also be benefited by the boons of
technology with less cost and more user-friendliness. With this prototype, an interface is made where even an un-educated or a
person of any age can use the application with ease. The inputs will be images where it is easy for any person to remember in a
sequence. This can serve multiple areas like farms, cattle area, industries. The main aim of this paper is to enhance security to the
root levels which is more efficient and low cost. Here in this paper, the password need not be a group of characters rather series of
images can be used. With the use of graphical LCD and touch screen, this can be used effortlessly. The touch screen provides an
easy interaction of the user with the application as it can be easily operated. Fastness has become a key role in every aspect, with
the use of GSM module owner can get the information immediately if any broke out has been happened. A message will be sent to
the owner when the door has been opened when a wrong password has been entered or when a fire broke out has occurred then the
necessary precautions will be taken immediately. To accomplish this task an onboard computer is used which has input and output
ports and is termed as the microcontroller. Advanced RISC Machine (ARM) is the heart of the application and controls all the
processes.

Index Terms: GLCD, Micro-Controller, Fire sensor, Touch screen, GSM module

1. INTRODUCTION

The motto of this paper is to provide security wherein
every individual can be able to access it and should be
benefited by the boons of the technology. Image based
password authentication is a concept where passwords are
in form of images. Person of any age can easily remember
this password as images can be easily remembered than
characters in form of string. Enhancing security can be
done through this project as this can be used by any class
of the society because of its low cost and accessibility.
Using touch screen we can more easily access the project.
GSM module will provide the information about the access
of the door regularly so if there’s any unauthorized person
accessing the door then the information will immediately
passed to the owner.

Comparing with the existing technology this will be more
beneficial as it is more easily used because of touch screen
which gives comfort of

Selecting the images easily, GLCD which gives the display
of images without using much technology and it is low
cost, GSM which instantly provides the information of the
access of the door Buzzer is used to intimate surrounding
places.

2. LITERATURE REVIEW:

In under developed areas there is no proper security system
even there is a lot of advent in the technology nowadays. In

especially cattle areas gates are made of small wooden
pieces which can be easily damaged by the intruder. As
technology is increasing day by day we even have to
provide proper security even for these places. With less
cost and more user-friendliness a system has to be
developed where even an illiterate must find easy to use
such an application

3. BLOCK DIAGRAM:

[ Regulated Power Supply ]

—

Touch ouch
screen [—Screen [/
sensor Driver

Servo
Motor

Micro
Controller

Crystal Oscillator

—

Figl. Block Diagram of Image Based Password
Authentication Using Touch Screen And GSM Module
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4. HARDWARE DESCRIPTION:

1. Microcontroller

2. Touch screen Sensor
3.GLCD

4. GSM Module

1. Microcontroller

Fig2. ARM-7 Microcontroller

Microcontroller used in this paper is ARM7TDMI-S
LPC2148 (Advanced RISC Machine). Some of the

Features Are:

+16 bit/32 bit thumb micro-controller.

*Consists of 40 kB of on chip static RAM and 512 kB on
chip flash memory.

*Two 10-bit ADC which provides 14 analog inputs.

A 10-bit DAC which gives variable analog outputs.

*A RTC with 32 kHz clock input.

*Power saving mode

2. Touch Screen

Touch screen technology deals with the direct
manipulation of gestures into digital data. In 1960s touch
screen was first invented by E.A Johnson. The capacitive
touch screen was first invented and later in 70’s resistive
touch screen was invented by Dr G. Samuel Hurst.
Nowadays the touch screen has been widely used in every
application to ease the complexity of giving the input.
Various applications are ATM machines, Cell phones,
Video games...etc. The popularity of cell-phone is due to
the use of the touch screen as it gives an easy way to
control the system. The demand for it is increasing rapidly
day-by-day which allows any application to use it.
Different types of touch screen technologies are:

Resistive

Surface acoustic wave

Capacitive

Surface capacitance

Projected capacitance

Infrared

Strain Gauge

Optical imaging.

Nk~ WNE

Here in this paper, we are using a resistive touch screen as
it is of low cost and can withstand in any harsh
environment. Resistive touch screen consists of different
layers such as:

1. Polyester Film
2. Transparent electrode film
3. Insulator
4. Spacer dot
5. Glass
Film < 1 Jf]
Insulator
Q
@ 0| = Glass
0 o . .
Conductive coating Bottom circuit laye
] Spacer dot

Fig3. Diagram of touch screen working

A little gap exists between glass screen and film screen
using this panel is made. Film layer contains electrodes.
Whenever the film screen is touched with a finger or any
type of object bend occurs. When bending, the two
electrode films connect, which generates a current flow.
Resistive touch screen have many advantages like highly
durableness, cost-effectiveness and in addition it is less
sensitive to the scratches on the screen. A 4 wire resistive
touch screen has uniformly coated with a resistive material
and is separated by an air gap or an insulator. Electrodes
are placed on the edges of the layer.

3. Graphical Liguid Crystal Display

VLUt endt

Fig4. GLCD
Here JHD12864E GLCD is used in this paper. It is a
128x64 display where it has 1024 pixels. 128x64 is divided
into two parts equally and each is controlled by a separate
controller. It has 128 columns and 64 rows. Each page has
8x8 bits which form 1 page.8 such pages makes one half
and is controlled by a controller called controller
selected.GLCD consists of 20 pins. Two power supply pins
(VSS), Two Ground pins (GND), Two Controller Select
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(CS0, CS1), Eight Data pins (D0-D7), Contrast adjust pin,
Register Select pin (RS), Read/Write pin, Enable pin (En),
Reset pin (RST), Output Voltage pin (Vout).The difference
between an LCD and GLCD is that LCD can only display
alphanumerical letters but can’t display images and can
display up to certain dimensions. Graphical Liquid Crystal
Display (GLCD) is used to display customized characters
and images. It finds many applications in video games,
mobile phones, lifts.

D
il Controller 1 Controller 2
D1
2| CS=1, C5=0 CS=0, CS=1
F PAGE 0
D4
o5 | PAGE 1 PAGE 1
D6
7] PAGE 2 PAGE 2
PAGE 3 PAGE 3
- 64 bits
PAGE 4 PAGE 4
PAGE 5 PAGE 5
PAGE 6 PAGE 6
PAGE 7 PAGE 7
J
/ ' {
64 bits 64 bits

Fig5. Tabular Representation of GLCD Bits assignment

Each half of the display has vertical addresses of 64 pixels
which are addressed from 0x40 to OX7F and is represented
as the Y-axis. Horizontal addresses are from 0xB8 to OXBF
and are represented as X-axis.
Left half of the display is controlled by chip select CS1=1,
CS0=0.
Right half of the display is controlled by chip select
CS1=0, CS=1.
X-axis addresses are used to select a page from page-0 to
page-7.

0 63 64 127

Y=0X40 Y=0X7F Y=0X40 Y=0X7F

0 Page Ox=0xB8

Page 1x=0xB9

Page 2x= OxBA

Page 3x=0xBB

Page 4x=0xBC

Page 5x=0xBD

Page bx=0xBE

63 Page 7x=0xBF

Fig6. Horizontal and Vertical addresses

4. Global System for Mobile Communication:

Fig7. GSM Module

GSM is a cellular network in which the mobile phones
connect by searching a cell in the nearby vicinity. Global
System for Mobile Communication (GSM) operates in 4
frequency ranges. Mostly it operates in 900MHz or
1800MHz bands. Country like America use 850MHz and
1900MHz as 900MHz and 1800MHz frequency bands
were already allocated. The frequency bands of 400 and
450MHz were previously used by first generation is
assigned in some of the countries. GSM-900 uses
frequencies in the ranges of 890-915 MHz to send the
information from the mobile station to the base station
(uplink) and the downlink frequencies are in the ranges of
935-960 MHz (base station to mobile station) which
provides 124 radio channels. GSM Module has been
extended to cover a large frequency ranges which is
denoted by “E-GSM” uses uplink frequencies of 880-915
MHz and downlink frequencies of 925-960 MHz, By
adding 50 channels. TDMA allows 8-full rate or 16- half
rate speech channels per radio frequency channel.

5. Buzzer:

Fig8. Buzzer

5. WORKING PRINCIPLE:

Here the microcontroller (ARM-7) will be the brain of
the system in which it controls and coordinates all the
commands. As GLCD can display images, the images to be
chosen are displayed over which the user or owner will
select the order of his password in which it has been
already stored. When the password is chosen is right the
door opens and we are using a dc motor for it. Immediately
the message will be sent to the owner’s number. If the
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password is chosen to wrong the doors opens not and a
message will be sent to the owner. When a fire broke out
takes place the doors automatically opens and a message
will be sent to the owner. The buzzer is an electronic
signaling device used in automobiles, household
applications, etc. Pressure variations occur whenever an
electric potential is applied across piezo-electric material.
When the voltage difference occurred in the push and pull
of conductors take place internally. The sharp sound is
generated by the continuous push and pull operation. The
sound pitch is not dependent on the voltage level, so piezo-
electric buzzer is independent on voltage ranges. It
generates sound in the ranges of 2-4 KHz.

SMS as
password
wrong

SNIS about
informing
the danger

information
(hrough

Fig9. Design Flow

: G o 49
Fig10. Image based password authentication using
touch screen and GSM

6. RESULT:
This project provides user a image based password where

he can easily interact with the system using touch screen
and the security is enhanced using GSM module.

7. CONCLUSION:

This paper “Image Based Password Authentication Using
Touch screen and GSM” provides a user friendliness and
low cost system which will enhance the security.
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Abstract:-- Multiplication of floating point(FP) numbers is greatly significant in many DSP applications. The performance of the
DSP’s is substantially decided by the speed of the multipliers used. This paper proposes the design and implementation of IEEE
754 standard single precision FP multiplier using Verilog, synthesized and simulated in Xilinx ISE10.1. Urdhva Triyagbhyam
Sutra of Vedic mathematics is used for the unsigned mantissa calculation. The design implements floating point multiplication with
sign bit and exponent calculations. The proposed design is achieved high speed with minimum delay of 3.997ns.

Index Terms: Floating point numbers, Single precision, IEEE 754, Urdhva Triyagbhyam Sutra, Vedic mathematics.

1. INTRODUCTION

Multiplication of floating point binary numbers is the most
important operation in DSP applications. IEEE 754
standard provides formats for the FP numbers. IEEE 754
standard format for single precision(32-bit) FP number
consist of a Sign unit(1-bit), Exponent unit(8-bits) and
Mantissa unit(8-bits) as shown in fig.1.

31 30 s 2322 . 0
SIGN(LBIT) | EXPONENT (8-BITS) MANTISSA (23-BITS)
MSB LSB

Fig.1: IEEE 754 Single Precision Format

MSB’s of two 32-bit numbers are XORed to generate sign
bit of the product. Exponent of the product is calculated by
adding exponents of the inputs using Carry Look
Ahead(CLA) adder and biasing to -127. Mantissa
multiplication unit is designed using Urdhva Triyagbhyam
Sutra of Vedic mathematics.

A. Urdhva Triyagbhyam Sutra

The exact meaning of Urdhva Tiryabyham sutra is
“Vertically and Crosswise”. Urdhva Tiryabyham Sutra can
be applied to all the cases of multiplication. In this method,
the partial products & their sum is obtained in parallel. The

steps involved In 2xZ multiplication[14] using Urdnva
Tiryabyham Sutra are shown in fig.2. The same procedure
can be extended for 3x3 multiplication[3] as shown in
fig.3.

bl b0

Step-2 Step-3
o><o I °
L] L J L

Fig.2. 2x2 Multiplication Using Urdhva Sutra

a2 al a0 Step-3

A

b2 bl bo

Step-1

ool

Step-4

&

Step-2

LA

Step-5

l..

Fig.3. 3x3 Multiplication Using Urdhva Sutra
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The 3x3 multiplier can be used for constructing higher
order multipliers such as 6x6, 12x12 and 24x24 bit
multiplication.

Il. PREVIOUS WORKS

Swapnil Suresh Mohite, Sanket Sanjay Nimbalar, Madhav
Makarand Bhathande, Rashmi Rahul Kulkarni presented
the design of 32-bit FP multiplier using Urdhva
Triyagbhyam sutra[1] which reduces the processing delay.
Code was written in VHDL using Xilinx ISE series.
Overall performance of designed multiplier depends upon
the performance of mantissa multiplier unit. Mantissa
multiplier was designed using Urdhva Triyagbhyam sutra.
3x3 multiplier was used as basic multiplier. 8-bit CLA is
used for adding two 8-bit exponent. Output of the adder
was biased to -127 to generate the exponent of output
floating point number. The proposed multiplier circuit
takes 71.239ns to perform multiplication of two 32-bit
floating point binary numbers. This delay is significantly
less than Booth multiplier.

Aniruddha kanhe, Shishir Kumar Das, Ankit Kumar Singh
described the design and implementation of IEEE 754, 32-
bit FP multiplier[3] using vedic mathematics. The Urdhva
Triyagbhyam sutra was used for mantissa multiplication.
Multiplication was achieved by adding the biased 8-bit
exponent, multiplying the normalized 24-bit mantissa and
resultant was converted in excess 127 bit format. The
exponent calculation unit was implemented using 8-bit
RCA. Sign bit was calculated by XORing the MSB’s of the
inputs. The multiplier was designed in Verilog HDL and
simulated using Modelsim simulator. This design was
synthesized using Xilinx ISE12.1 tool targeted on the
Xilinx Vertex5. The design utilizes lesser number of
LUT’s, thereby reduces the power consumption.

Soumya Havaldar, K S Gurumurthy[4] proposed the
design of multiplier for floating point numbers using vedic
mathematics. This design also manages overflow,
underflow and rounding. Design was coded in VHDL,
simulated and synthesized using ISE14.6 tool targeting the
Xilinx VertexVl FPGA. This work concludes that; the
proposed design occupies less space and high operating
speed due to vertical and crosswise calculation using
Urdhva Triyagbhyam sutra.

Pooja Hatwalne, Ameya Deshmukh, Tanmay Paliwal,
Krupal Lambat proposed a design and implementation of
single precision FP multiplier using VHDLI[5]. 24-bit
multiplier using Urdhva Triyagbhyam sutra of vedic
mathematics was designed for mantissa calculation. 8-bit
CLA adder was used for exponent calculation. The design
was synthesized and simulated in Xilinx ISE14.7 targeted
on Spartan3 device. The proposed floating point multiplier

showed optimized and better timing performance with total
delay of 36.19ns.

1. SILULATION RESULTS

32-pit floating point multiplier design is implemented in
VHDL and simulated using Xilinx ISE10.1. The unsigned
mantissa multiplication is achieved by using Urdhva
Triyagbhyam Sutra of Vedic mathematics. Fig.4-6 shows
the RTL schematics of 32-bit floating point multiplier,
mantissa unit and exponent calculation unit respectively.

NG Tow arvislatee

Fig.5: Schematic Of Mantissa Calculation

-

Fig.6: Schenﬁatk-: Of Exponent Calculation
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Table 1: Performance Analysis

Parameters Proposed Urdhva 32X32
NO. SLICES 298
NO. 4 IP LUT 579
NO.OF BONDED IOBs 96
COMBINATIONAL 3.997ns
DELAY

Table 1 show the device utilization and combinational
delay of the proposed design. Table 2 show the comparison
of the proposed design with the designs of the literatures.
The proposed design exhibits lesser device utilization and
delay.

Table 2: Comparison of Performance Parameters

Paper Number LUT’s Bonded Time
of Slices IOB’s delay(ns)
[1] 911 1580 96 71.293
[3] - 966 99 5.246
[4] - 705 96 21.823
[6] - 672 96 4.94
[9] 1389 1545 129 13.141
[10] 2041 3317 206 89.374
[11] - 1032 99 5.246
[12] 999 1819 - 14.17
Proposed 298 579 96 3.997
design
CONCLUSION

The single precision FP multiplier using Urdhva
Triyagbhyam Sutra is designed in VHDL, simulated using
Xilinx 1SE10.1 and parameters such as number of slices, 4
input LUT’s and delay were analyzed and compared with
the literatures. The proposed design utilizes lesser number
of slices and LUT’s thereby reduces the hardware
requirement. High speed is also achieved by the use of
Urdhva Triyagbhyam Sutra and CLA adder. This proposed
work can be extended for the design of double
precision(64-bit) FP multiplier using Vedic mathematics.
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Antenna for Satellite Applications
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Abstract:-- This paper presents 2x1 series feed array antenna for satellite applications (8.1GHz-8.35GHz). Initially 2x1 series feed
antenna is designed based on specifications, but this design didn’t applicable for satellite applications. In order to applicable for
desired frequency, slots are placed in the design. Various slots (I slot, Inverted U Slot and Plus Slot) are used to get desired
specifications. Finally the designed antenna got better results for plus shaped slotted antenna which is resonating at 8.32GHz

frequency with a return loss of -26.83dB, VSWR of 1.09 and gain of 7.27dB.This antenna is applicable for satellite applications.

Index Terms: Array antenna; Series feed method; slotted design; Return loss; VSWR

INTRODUCTION

The antenna plays a key role in communication systems
because based on the antenna performance only signal
transmission depends. Now-a-days most of the modern
communication system requires high gain, low cost, simple
structure, low profile, compact size antennas. The
microstrip antennas satisfies such requirement because it
has low profileed., low cost. But the limitations of
microstrip patch antenna are narrow frequency band, low
gain.

In order to increase the gain and bandwidth of microstrip
patch antenna, instead of one radiating element , two or
more elements are used. All these radiating elements are
internally connected and transmits signal in the desired
direction. These antennas are called Microstrip patch array
antennas. Based on then requirement, radiating elements
can be placed in planar,linear or in circular manner. There
are three different feeding methods such as series feed,
corporate feed, corporate series feed method [1].

There are two ways to design array antenna. They are
changing the feed position or placing slots on structure. In
[2] a 2x2 array antenna used circular ring shaped slot on
antenna elements in order to get broad band and circular
polarization operation. In [3] a 4x1 square microstrip patch
antenna is designed for wire less applications using series
feed. In [4] series feed and parallel methods are used for
designing array antenna for C-band applications. Gain
enhancement antenna is described in [5], compared slot
performance with a regular antenna structure. In [6], the
patch array antenna performance interns of radiation
pattern is improved by using taper structure. In [7]
symmetric and asymmetric feed arrays are designed for
radar applications and their performance is compared.

The Proposed 2x1 series feed array antenna is designed for
satellite applications. A rectangular and slotted antennas

are designed and their performance compared. The antenna
is designed by using HFSS software.

ANTENNA DESIGN:

The 2x1 array antenna using series feed is designed in
HFSS software is shown in Fig.1.The antenna structure
consists of three layers i.e ground plane, substrate and
patch elements. The FR4 substrate is used with dielectric
constant of 4.4. The dimensions of the 2x1 series feed
array antenna is shown in table.1.

a

i
-

f

.

il

=
Fig.1:2x1 series feed array antenna

This 2x1 series feed antenna is resonating at a frequency of
8.46GHz with a return loss of -22.34dB and VSWR of 1.13
and gain of 7.3dB. The return loss plot is shown in Fig.2
and VSWR plot is shown in Fig.3.

Table.1: Dimensions of Series feed antenna
Parameter Description Value
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A Substrate width 34mm
B Substrate length 30mm
C Patch length 8mm

D Patch width 8mm

E Patch to Patch Distance | 9.14mm
F Feed line length 2mm

G Feed line width 0.5mm

e

Fig.2: Return loss plot of 2x1 series feed

iy [ 1k ]

an T 7 )
/ — R
/ Semt-Swep

/
AL

R

3] h ] 10
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Fig:4. 3D gain plot of 2x1 series feed antenna
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The proposed series feed antenna is not resonating in a
desired frequency range. In order to resonate the design in
specified frequency range (8.1GHz - 8.32GHz), different
slots are placed in the array elements. The antenna is

simulated for three different slots i.e | shape, inverted u
and plus shaped slot.The Fig.5.shows slotted 2x1 series
feed antenna.4

"

(a) I shaped slotted 2x1 series feed design

-

(b) Inverted U shaped slotted 2x1 series feed design

.

(C) Plus shaped slotted 2x1 series feed design
Fig.5: Slotted 2x1 array antenna designs
Initially, 1 shaped slot is placed in the antenna structure
(shown in Fig.5(a)). In this case, the design is resonating at
a frequency of 8.46GHz with a return loss of -22.85dB,
VSWR of 1.15 and gain of 7.2dB. In this case also, the
design is not resonating) in desired frequency range. So,
Inverted U shaped slot and Plus shaped slots are placed on

structure.
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The inverted U shaped slotted 2x1 series feed antenna is
shown in Fig.5(b), this design is resonating at a frequency
of 9.42GHz with a return loss of -26.26dB, VSWR of
1.1and gain of 5.2 dB.

The Plus shaped slotted 2x1 series feed antenna is shown
in Fig.5(c). This design is resonating at frequency of
8.32GHz with a return loss of -27.49dB, VSWR of 1.08
and gain of 7.27dB.

The Plus shaped slotted 2x1 series feed antenna is shown
in Fig.5(c). This design is resonating at frequency of
8.32GHz with a return loss of -26.83dB, VSWR of
1.09 and gain of 7.27dB.
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Fig.6. Return loss plot of slotted antennas

The Fig.6 shows the combined return loss plot of I,
inverted U and Plus shaped designs and combined VSWR
plots of slotted designs are shown in Fig.7.
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Fig.7. VSWR plot of slotted antennas
The Fig.8 (a) shows the gain plot of | slotted 2x1 series
feed antenna and Fig.8(b) and (c) shows the gain plots of
Inverted U and + shaped slotted antennas respectively
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7. 2043e+000
5.1738e+000
3.1433e+000
1.1129e+000

-9.1760e-001
-2, 9481e+000
-4, 9785e+000

-7.0090e+000
-9.0395e+000
-1.1070e+001
-1.3100e+001

-1.5131e+001

-1.7161e+001
-1.9192e+001
-2.1222e+001
-2.3253e+001
-2.5283e+001

T @lslot

dB(GainTotal)

5.5061e+000
2.9999e+000
4.9368e-001
-2.9126e+000

-4, 51882+000
-7.02502+000
-9.53132+000

-1.2037e+001
~1.4544e+001
I -1.7050e+001
-1.9556e+001

-2, 20622+001

-2, 45692+001
-2.7075e+001
-2.9581e+001
-3.2087e+001
-3. 4594e+001

(b) Inverted U slot

dB(GainTotal) z

7.2793e+000
5. 3643e+000
3. 4493e+000
1.5342e+000

-3.8076e-001
-2.2958e+000
-4, 2108e+000

-6.1258e+
-8.0408e +
-1.1871e+

-1.3786e+001

-1.5791e+001
-1.7616e+001
-1.9531e+001
-2, 1446e+001
-2.3361e+001

) (c)Plus slot

Fig.8. 3D gain plots of slotted 2x1 series feed array
antenna

The comparison results of slotted antennas are shown in
Table.2. From these results, the 2x1 “I and inverted U”
slotted designs are resonating at 8.46GHz and
9.42GHz.These designs are not suitable for satellite
applications (8.1-8.35GHz). The Plus shaped slotted 2x1
design is resonating at 8.32GHz frequency. This antenna is
suitable for satellite applications.

Table.2: Summary of results

Slot/ Frequen-cy | Return VSWR Gain
Paramet Loss
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er

| Slot 8.46GHz -22.88 1.15 7.2dB
dB

Inverted | 9.42GHz -26.26 11 5.2dB

U Slot dB

+ Slot 8.32GHz -26.83 1.09 7.27
dB dB

CONCLUSION:

2x1 series feed antennas are designed and compared. The
plus shaped slotted 2x1 series feed antenna is suitable for
satellite application when compared to other designs. The
+ slot antenna is resonating at 8.32GHs with better return
loss i.e -26.83dB and gain 7.27dB values. All antennas are
suitable for X-band applications.
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Abstract:-- Gas Turbines are planned to persistently and productively produce valuable control from fuel vitality and are created
into exceptionally dependable tall execution motors. Presently days in gas turbine the turbine edge worked at temperature limits
1550-2000 °c and gas turbine edges have been put to utilize in different areas like, control plants, marine businesses as well as for
mechanical impetus. For tall warm proficiency progressed gas turbines utilize tall temperature at the passage of the turbine.
Subsequently, for the reason of expanding warm effectiveness of the turbines, it is basic to plan compelling cooling plans. The
current Turbine Chanel Temperature in progressed gas turbines is much higher than the dissolving point of the edge fabric. As a
result a shifted run of cooling procedures are utilized to cool the edge to preserve typical operation of the turbine.

An endeavor has been made to computationally analyze the impacts of one sort of cooling framework;, i.e by utilizingholes (6) on
the edgepivotally, wherein the cooling impacts of discussstream through a punctured turbine edgeentry has been mimicked
utilizing ANSYS- FLUENT(CFD Fluent). The mass stream rates of discuss through the section were shifted to watch the variety of
cooling impacts with mass stream rate and comes about were compared. The temperature contours of the Edge for diverse mass
stream rates were watched. The patterns of diverse parameters like warmexchange,speed conveyance, weightconveyancewere
famous. It wasamous that by keeping apertures on the edges surface increments the warm exchange rate and produces cooling
impact than characteristic edge without apertures and increments the life of edges and hence gives higherWarm effectiveness and

control output

Index Terms: Computational fluid dynamics (CFD), staggered holes, Heat transfer rate, CAD, Turbulent-Intensity model.

INTRODUCTION

Gas Turbine Basics: There are three fundamental parts of a
gas turbine, to be specific: the compressor, the combustor
and the turbine. The work of then attempt has been made to
computationally analyze the impacts of one sort of cooling
framework, i.e by utilizingapertures (6) on the
edgepivotally, wherein the cooling impacts of
discussstream through a punctured turbine edgeentry has
been recreatedutilizing ANSYS- FLUENT(CFD Fluent).
The mass stream rates of discuss through the section were
shifted to watch the variety of cooling impacts with mass
stream rate and comes about were compared. The
temperature forms of the edge for distinctive mass stream
rates were watched. The patterns of distinctive parameters
like warm exchange, speed dissemination, weight
dissemination were famous. It was famous that by keeping
apertures on the edges surface increments the warm
exchange rate and produces cooling impact than normal
edge without apertures and increments the life of edges and
hence gives higher warm proficiency and control yield

Confinements on Turbine Channel Temperature:

Due to the nature of its working, the control produced by a
turbine increments with expanding the temperature at

which the gas enters, called the turbine gulf temperature.
An expanded control yield comes about in a better
proficiency. In any case, the turbine channel temperature
cannot be expanded self-assertively since of the limits
forced due to the temperature at which the edge fabric
soften

Require for cooling: As the edge fabric dissolves at a
lower temperature than the working conditions of the
turbine, a cooling strategy must be joined into the edge
plan to guarantee the secure and smooth running of the
turbine. It is critical, whereas concocting a cooling
conspire, to have information approximately the boundary
conditions of the edge amid turbine operation, so that
expansive angles can be maintained a strategic distance
from, Turbulent-Intensity demonstrate.

Turbine cooling basics: In spite of the fact that cooling
is vital, it influences the gas turbine operation
inadvertently:

1. The cooling air supplied to the blades and vanes is
directly bled from the compressor. As a result the mass of
air going into the combustor is decreased.

2. In order to incorporate the various structures like fins,
cooling passages etc. The trailing edge thickness of the
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blades must be increased which adversely affects the
aerodynamic performance of the blades

Various parts of the turbine blade are cooled using various
techniques. The front part, called the leading edge, is
generally cooled by impingement cooling. The middle part
is generally cooled by using snake-like passages endowed
with ribs along with local film cooling. The back part,
called the trailing edge, is generally cooled by
impingement and film cooling.

Types of cooling:

There are two wide categories of cooling utilized in gas
turbine blades:1. Internal Cooling 2.ExternalCooling In
inside cooling, the cool compressed discuss streams inside
inside the sections of the turbine edge and in this way
warm exchange happens between the cold discuss within
the entry and the adjoining hot surface of the blade. In
outside cooling, the cool compressed discuss is catapulted
from gaps on the surface of the edge or the vane and makes
a lean film between the environment and the edge surface
in this way anticipating contact between the hot air and the
edge surface, enhancing warm exchange utilized for the
cooling of the turbine edges for their long life. Edges of
gas turbine can be cooled either inside or remotely.

LITERATURE REVIEW

K HariBrahmaiah — Examine the heat transfer analysis of
gas turbine with four different models consisting of blade
with and without holes and blades with varying number of
holes (5,9,& 13) were analyzed. Transfer rate and
temperature distribution, the blade with 13 holes is
considered as optimum. Steady state thermal and structural
analysis is carried out using ANSYS software with
different blade materials of Chromium steel and Inconel-
718. While comparing these materials Inconel-718 is better
thermal properties and induced stresses are lesser than the
Chromium steel.

R.D.V. Prasad- Examine steady state thermal & structural
performances for N155 & Inconel-718 nickel Chromium
alloys. Using finite element analysis four different models
consisting of solid blade and blades with varying number
of holes (5,9,& 13) were analyzed of cooling holes. The
analysis is carried out using ANSYS software package.
While comparing materials, it is found that Inconel-718 is
better suited for high temperature the graphs drawn for
temperature  distribution,  von-misses  stresses and
deflection, the blade with 13 holes is considered as
optimum, the induced stresses are minimum and the
temperature of the blade is close to the required value of
800 degrees Celsius.

GEOMETRY

Geometry of turbine blade in catia v5

Chord = 130mm

Length of extrusion = 200mm

Thickness = 100mm

Pitch of the blade = 5.625deg

No of points = 130
150240, No of nodes =166911

Setup

Boundary conditions: The boundary conditions utilized
were as indicated. For the smooth channel as it were one
mass stream rate of 0.01 kg/s was utilized in arrange to
compare with the ribbed channel

Mass flow rate (m): 0.01 kg/s Convection Heat Transfer
Coefficient (h) at outer surface of blade: 1000 W/m2-K
Free-stream temperature of the surroundings (Tfree):
1700KTemperature of the air at the inlet(Tinlet): 300 K
Aerofoil shape design points:
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X(mm)
129.3901
129.3156
129.0923
128.7206
128.2015
127.5361

126.726
125.7729
124.6791

123.447
122.0795
120.5797

118.951
117.1972
115.3223
113.3306
111.2268
109.0156
106.7021
104.2917

101.79
99.20268
96.53577
93.79543
90.98797
88.11988
85.19777

82.2284
79.21859

76.1753
73.10549
70.01629
66.91475
63.80801
60.70322

57.6075
54.52794
51.47163
48.44558
45.45674
42.51198
39.61806
36.78166
34.00932
31.30744
28.68225
26.13987

23.6862
21.32695
19.06761
16.91349
14.86965
12.94088
11.13174
9.446503
7.889144
6.463358

5.17254
4.019729
3.007667
2.138737
1.414978

Solution 0.838091

Y(mm)
-12.5792
-12.5612
-12.5072
-12.4174
-12.2924
-12.1327
-11.9391
-11.7124
-11.4537
-11.1643
-10.8453
-10.4981
-10.1243
-9.72531

-9.3028
-8.85841
-8.39389
-7.91098
-7.41148
-6.89721
-6.37007
-5.83195
-5.28479
-4.73059
-4.17137
-3.60922
-3.04625
-2.48464
-1.92663
-1.37449
-0.83054
-0.29713

0.223343
0.728487
1.215896
1.683183
2.128003
2.548053
2.941112
3.305087
3.637979
3.937949
4.203333
4.432663
4.624657

4.77828
4.892724
4.967394
5.001974
4.996369
4.950696
4.865318
4.740757
4.577765
4.377188
4.140046
3.867399
3.560414
3.220255
2.848089
2.445041
2.012175
1.550462

Z(mm)

O00000000O00O0O00OO0OO0O0OO0OO0OO0OO0OOO0OO0OO0OOOOOOOO0OOOOOOOOOOOOOOODOOO0OO0OOOD0OO0OO0O0OOO

SOLUTION

Sort of solver- Pressurebased. Physical show- Turbulent
(k-e), vitality Equation Material property- Property of
liquid such asair. Boundary condition- Weight, speed
channel, speed outlet walletc. Solution strategy- Choosing
the arrangement strategy such as energy condition,
turbulent vitality equationetc. Solution initialization-
Initialize the arrangement to urge the starting arrangement
of theproblem. Run arrangement- Run the arrangement by
giving no of cycle for arrangement ResultsAndConclusion
Turbine edge is carried out with differing models
comprising of hub changing number of cooling gaps
concurring to CFD examination of gas turbine edge:

* As we increases the no of holes the edge driving edge
temperature will diminishes.

» Temperature will slightest for edge driving edge at 5
crevices bored

. * Normal edge temperature decreases by 3.98% when no
of pivotalgapsshifted from 5 to 6.

* Warm trade coefficient of hot gas will increases with
growing no of gaps.

» Within the greatest ebb and stream of the edge profile the
temperature scattering is nearly uniform.

* Within the edge segment the temperature is
directlydiminishing from tip to the root

. * Warm trade rate increases by 14.96% when no of
gapsshifted from converge. In arrange to have a
comprehensive understanding of the stream and to
compare diverse stream scenarios, the results of the
recreation have been displayed completely different
groups. A number of drift charts were moreover drawn to
appear the variety over the edge volume
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Abstract:--  In many application of noise cancellation, the adjustments in signal characteristics may want to be pretty fast. This
needs the usage of adaptive algorithms, which has rapid converges. Due to computational simplicity and easy implementation Least
Mean Squares (LMS) and Normalized Least Mean Squares (NLMS) Adaptive filters have been used in numerous signal processing
applications. The Recursive Least Squares (RLS) algorithm has achieved itself as the "ultimate' adaptive filtering algorithm by
exhibiting the excellent convergence behavior. Unfortunately, sensible implementations of the algorithm are regularly related with
excessive computational complexity and/or poor humerical properties. The adaptive filtering was presented recently, have a good
balance between complexity and the convergence speed. So let me describe a new technique to noise reduction in speech
enhancement the use of fast affine projection (FAP) algorithm. This is adaptive filtering algorithm is new algorithm used to
attenuating noise in speech indicators and also to superior noise reduction method for sturdy speech focus by the use of Adaptive
Gain Equalizer with Nonlinear Spectral Subtraction methods we may achieve it.

following we find additionally the highest quality

INTRODUCTION parameter which is used in these algorithms. Today, an
often used digital method for wonderful noise reduction for

An early and crucial technique for noise reduction was Robust Speech Recognition in speech conversation is
once to use the concept of the optimum wiener filter . There spectral subtraction. This frequency area approach is based
are two most regularly used algorithms for noise totally on Fast Fourier Transform and is a nonlinear, but
cancellation are normalized least mean squares (NLMS) straight ahead way of decreasing undesirable broadband
and recursive least squares (RLS) algorithms. NLMS noise acoustically added to the signal.
algorithm has low computational complexity among these TABLE I. NOTATIONS
two. On the contrary, the weakest factor of RLS algorithm
is its excessive computational complexity in remedy it Symbol Description
offers fast adaptation rate. The preference of the adaptive
algorithm to be utilized is always a tradeoff between fast I Norm of a scalar
convergence and computational complexity. Due to the 1P Squared Euclidean norm of a vector
property of convergence of the FAP algorithm is most 07 Transpose of a vector or a matrix
efficient then LMS, NLMS, and affine projection (AP) )" Inverse of a scalar or a matrix
algorithms and same to that of the RLS algorithm. In this <.,.> Inner Product of two vectors
algorithm, one of the filter coefficient is updated one or
greater at each time instant to achieve appropriate tradeoff I1. BACKGROUND
between computational complexity and convergences rate.
The proposed algorithm performance is studied through the In Fig. 1, we show the prototypical adaptive filter setup,
energy conservation analysis used in adaptive filters and where x(n),d(n) and e(n) are the input, the desired and the
the general expressions for the steady-state mean output error signals, respectively. The vector h(n) is the
rectangular error and transient overall performance Mx1 column vector of filter coefficient at time , in such a
evaluation have been derived in. we can say through this way that the output of signal, y(n) , is proper estimate of
paper FAP algorithm is good in noise cancellation for the desired signal, d(n).

speech enhancement. The results are evaluated with
classical adaptive filter algorithm such as LMS, NLMS,
AP and RLS algorithms. Simulation outcomes show the
exact overall performance of the two algorithms. In the
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Fig.1 Prototypical adaptive filter setup
the filter vector update equation for the LMS algorithm is
given by :
h(n+1)=h(n)+ Mx(n)e(n)
Where
x(n) =[x(n),x(n-1)....... x(n-M+1)]"
and is the step-size that determines the convergence speed
and steady-state mean-square error (MSE). Also, the
output error signal, is given by e(n)
e(n) =d(n)-h"(n) x(n)--------- 1
To boost the convergence speed of the LMS algorithm, the
NLMS and AP algorithms was proposed which can be

stated as
hn+1)=h()+

i XT m)(eI+ X(n)XT )~ L [d(n) - X()h(n)]

Where
X(n)= =[x(n),x(n-1)....... x(n-K+D)]"
And
d(n) =[d(n),d(n-1)....... din-K +1)]"
The update filter vector equation in RLS algorithm is:
h(n+1)=h(n)+C™*(n)x(n)e(n)------------ 3
C(n)=estimation of the autocorrelation matrix.
This is given by
n

cm= X A" X)X (i)----4
i=0

where.

0<<i<1

111. FAPA ALGORITHM
A Notation and problem description
With reference to Figure 1, the error signal, , e(n)can be
expressed as:
M-1
e(n)=d(n)- X h(n)x(n-k)---------- 5
k=0

Considering the samples n-L+1,n-L+2.....n, where we
focus on the situation where L>M, Eq.1 can be written as

and columns furthermore defined through
xi(M=[x(n-) x(n-1).... x(n-L+1)]*
The vector of desired samples are given by
d(n)=[d(n),d(n-1)....... d(n-L+1)]"
and e(n) is defined similarly. The problem of adaptive
filtering. Now formulated as venture of finding the update
for h(n) , at each time instant n , such that the error is made
as small as possible
Note that X(n)h(n) can be written as

M-1
X(mhn)= X hy(n)xx(n-K)--------- 6

k=0

i.e. as a weighted sum of the columns of X(n) with the
elements of h(n) being the weighting factors. A greedy
algorithm  for  successively  constructing  (better)
approximations to a vector given the usage of linear
mixtures of vectors from a given set is the BMP algorithm.
Inspired by this algorithm, we devise a technique for
recursively building an approximation to d(n) the use of
linear combos of the columns of X(n) .

B. Algorithm development

Assuming that we have an approximation to d (n -1) at
Time n-1 given through X(n -1) h (n-1) , the approximation
error at time n is

e(n)=d (n)- X (n)h(n-1). 8

In building a better approximation through the update of
only one coefficient in h (n - 1), we would write the new
error as

e1(n)=d(n)-(X(nh(n-1)+X(n)h(n))--------- 9

Note that j (n) is the index of the coefficient to be update in
the zero'th P-iteration at time n, and u j is the M-vector
with 1 in position j and 0 in all other positions. Intuitively,
it would make feel to pick out j(n) as the index
corresponding to that column of X(n) .The coefficient j(n)
need to update. We pointed two methods to selecting j(n) :
1) incrementing j(n) sequent through n Modulo M and II)
deciding on j (n) in such a way as to Maximally reduce the
residual of the corresponding update computation. Thus, in
the FAPA, j(n) is determined as the index of the column of
X(n) onto which e(n) has its most projection, -or in
different phrases.

h (n)=h (n1)+h (n)--- 10
(1) e(n)=d(n)-X(n)h(n) i Q) i
(2) X(n)=[Xo(n),X1(n)....... Xm-1(n)]
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update

(n) is the value of the projection of
i (n)
0

where h

€o(n) onto the unit vector with direction given by
x (n)i.e.
jom)

Thus,the zero’th P-iteration updates the filter vector as
follows:

update
h® (n)=h(n-1)+h  (n)u
@@ 12

To have control on the convergence speed and stability of
the algorithms, we introduce the step-size in the algorithm
as following:

update
h® (n)=h(n-1)+ph  (nu

jo(n) J'O(n) --------- 13

Given this, the updated error expression can be written as
e:=d(n)-X(n) h@ (n)------------- 14

If we choose do greater than one P-iteration at time n, the
process described above beginning with finding the
maximum projection of e (n) onto a column of X(n) can be
repeated with ey(n) taking the position of e(n) This can be
repeated as many instants as desired, say P times, leading
to a sequence of coefficient updates:

h (nh @..... h  (n)
Jo(n) Jl(n) i _1(n)

Note that if P>2 it is completely possible that one specific

coefficient is updated extra than as soon as at a given time

n. The ensuing filter coefficient vector after P iterations at

time n is denoted h(P -1)(n) , but where there is no chance

of ambiguity we shall refer to this filter vector truly as

h(n).

The technique discussed above is to making use the BMP
algorithm to a dictionary of vectors given by means of the

columns of X(n) for the purpose of constructing an
approximation to d(n). The solely distinction is that we do
this for each new time instant n while maintaining the
results of the BMP from the previous time instant n -1 . It
is observed that an almost equivalent, process to the one
described above would result if we tried to find the least
squares solution to the over determined set of equations
(remember L >M):

X(n)h(n)=d(n)

In the given initial solution, say h (n), we permitted to
adjust one vector element only.

1
) (n) = arg max d(n).x.(n) > -

] Z'ZJ‘Z'J ) ‘

M-1
N h 1)< x4 (n).x.(n) >
R ..k':l 1) Xk 11...71..1
and
. update 1 C
h ") ..|=—1.--».1:11-.7--.]_‘11,'[11
Xjo(n)in)
Tj'-:_lj.

k= “k:ufl' Xk (n).x; (p)(n)

15and 16

These are the pertinent equations if one coefficient update,
i.e. one P-iteration is performed for each new signal
sample. Note that having computed the terms of Eq. 15,
very small additional work is involved in finding the
update of Eq. 16. It is instructive to explicitly state these
equations also for iteration

no.i>0attimen:
1
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Jj(n) = arg max d(n).x;(n)>-
/ x;(n)
Z'v‘.ffl fr;_;_l'w:r,‘r xi(n).x ;(n)>
K=0 A X J
and
. update , 1 S i L
':.I‘““ (n)= 3 v <da(n).x I{,i,w%—
‘ X i (m\n)
S.\—f_-‘l /..‘j-_:_l"‘ n)<xpn).x; ;m)> :
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From these equations it is evident that some terms depend
solely on n, i.e. they want to be computed once for each n
and can consequence be used unchanged for all P-iterations
at time n. Other terms depend on both n and the P-iteration
index and ought to as a result be up to date for every P-
iteration. Since, we must associate the update depending
solely on n with generation no. 0, this is the
computationally most costly update.

From the above section we can observe the prominent roles
of inner products d(n),x(n) and x(n),xj(n) in computations.
and these inner products are

<d(n).,xj(n)>=<d(n-1),x¢(n-1)>+
d(n)x(n-j)-d(n-L)X(n-j-L)

and

<Xk(N),Xj(n)>=< <xk(n-1),xj(n-1)>
+x(n-K)X(n-j)-x(n-k-L)x(n-j-L)

We close this section by pointing out that efficient

Implementations of FEDS/FAP are available. With use of
exponentially weighted and sliding window versions,
implementations having a multiplicative complexity given
by (5 +P) M can be devised. Multiplicative complexity of
(3+ P) M are also possible by block exponentially
weighted version.

IV. ADAPTIVE GAIN EQUALIZATION

The Adaptive Gain Equalization (AGE) approach for
speech enhancement, introduced by Westerlund et al., [9]
separates itself from the standard strategies of enhancing
the SNR of a signal corrupted by using noise, via moving
away from noise suppression and focusing in particular on
speech boosting. Noise suppression traditionally, like
spectral subtraction, appeared like subtracting an estimated
noise bias from the signal corrupted with the aid of noise.
Whereas speech boosting objectives to enhance the speech
part of the signal with the aid of adding an estimate of the
speech itself, for this reason boosting the speech part of the
signal. The difference between noise suppression and
speech boosting is introduced in Fig. 2(a) suggests a noise
estimate being subtracted from a noise corrupted signal.
While in Fig. 2. (b), an estimate of the speech signal is
used to enhance the speech in the noise corrupted.

Noise Suppression Speech Boosting

Fig. 2 Difference between Noise Suppression and Speech
Boosting.

V. CONCEPT OF ADAPTIVE GAIN EQUALIZATION

The concept of obtaining a speech bias estimate to perform
speech boosting might also appear like a daunting task. But
it does no longer need to be, the AGE technique of speech
enhancement depends on a few primary ideas. The first of
which is that a speech signal which is corrupted by using
band limited noise can be divided into a range of subbands
and every of these subbands can be individually and
adaptively boosted in accordance to a SNR estimate in that
particular subbands.

In each subband, a short term average is calculated
simultaneously with an estimate of a slowly various noise
flooring level. By the usage of the short term average and
flooring estimate, a obtain feature is calculated per
subband through dividing the short term average by the aid
of the flooring estimate. This achieve function is increased
with the corresponding signal in each subband to form an
output per subband. The sum of the outputs from every
subband forms the last output signal, which need to include
a greater SNR when in contrast to the authentic noisy
signal.

The proposed technique of the AGE acts as a speech
booster, which is adaptively looking for a subband speech
sign to boost. Fig.3 suggests this underlying notion in the
back of the AGE. Outlining that speech energy is an
exceedingly non stationary input amplitude excursion, if
there is no such excursions no alteration to the subband
will be performed, the AGE will remain idle, as a end
result of the quotient between the short term magnitude
average and the noise flooring estimate being unity, with
them being about the same. If speech is current the short
term magnitude average will change with the noise floor
level approximately unchanged, therefore amplifying the

IFERP International Conference Visakhapatnam

44 ISBN: 978-81-940803-3-6



International Conference on Renewable Energy and Sustainability

Visakhapatnam, Andhra Pradesh, sthe 6"’, April 2019

signal in the subband at hand due to the quotient becoming
larger than unity.

/ Speech Enhanced signal using AGE

——Cnly speech

spectra is
enhanced

Noise spectra is left unchanged

Criginal noisy signal

Fig. 3 Speech signal enhanced using AGE

V1. AN ILLUSTRATION OF THE ADAPTIVE GAIN
EQUALIZER

The previous two section of the paper have outlined the
fundamentals of the Adaptive Gain Equalizer is used in
speech enhancement. To show the potential of using the
AGE method a brief example will be demonstrated in this
chapter. A speech signal which is corrupted by white noise
is presented in Fig. 4.

The first step requires the signal to be filtered into number
of subbands. In this example, number of subbands is
chosen to be eight. The signal which is sampled at 16 KHz
is filtered into eight subbands which are shown in the Fig.
5. From the Fig. 5, it is clear majority of speech is
concentrated in first sub-

Fig. 4 Speech signal corrupted by white noise
bands, which is expected since human speech is generally
assumed to be between 300 Hz and 3400 Hz and is

expected to dominate in the subbands corresponding to this
frequency range. Short term exponential magnitude
average and noise floor is taken simultaneously and is
shown in the Fig. 6. Using the short term exponential
magnitude average and noise floor the gain is calculated, in
this example the gain is limited to 5 dB and is displayed in
Fig. 7. It is evident from Fig 7 that the AGE algorithm
amplifies only the components of the signal which contain
speech and remains idle when there is no speech
component.

. )

xig vig
(,

aret aret
. ]

aret aret
] ;

xig vig

Fig.5 Speech signal corrupted by white noise and is
filtered into eight subbands
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Fig. 6 Short term exponential magnitude average and noise
floor per subband

The gain per subband is shown in Fig. 7 and is multiplied
with its corresponding and then summed to form a speech
enhanced signal and is shown in Fig. 8
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Fig. 7 Gain calculated per subband
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‘Speecn Emances Signa

Fig.
8 Speech enhanced signal using 8 subbands.

VI11. NONLINEAR SPECTRAL SUBTRACTION

The basics of nonlinear spectral subtraction techniques
(NSS) reside in the combination of two main ideas [10]:

* The noise-improvement model is used which is
obtained in the course of a speech pause.

* The nonlinear subtraction is used when a frequency-
dependent signal-to-noise ratio (SNR) is obtained. This
means that in spectral subtraction a minimal subtraction
factor is high SNR is used in turn.

VI1II. PROPOSED SPEECH ENHANCEMENT ALGORITHM

AGE when coupled with Nonlinear Spectral Subtraction
(AGE-NSS) performs better than AGE when SNR drops
below -5db. The first step requires the signal to be filtered
into number of subbands. In this paper, number of
subbands is chosen to be eight. The signal which is
sampled at 16 KHz is filtered into eight subbands.
Nonlinear spectral subtraction is applied to each of the sub
band. Short term exponential magnitude average and noise
floor is taken simultaneously. Using the short term
exponential magnitude average and noise floor the gain is
calculated and it is multiplied with the spectra.

IX. EXPERIMENTAL RESULTS

The order of the filter was once set to M=8. The parameter
was once set to 0.002 in the LMS and 0.005 in the NLMS
and AP algorithms. Fig. 4 shows the filtered output signal
and the mean squared error (learning curve) in the LMS
algorithm. The filtered signal SNR is calculated for this
experiment. The SNR improvement (SNRI) is described as
the original SNR subtracted from ultimate SNR. The SNRI
in the LMS algorithm is 13.5905. Fig. 5, 6 indicates the

effects for NLMS and AP algorithms. It is observed that
the convergence speed in the NLMS and AP algorithms is
faster than LMS algorithm. This reality can be observed in
output of each filter and learning curve. For the NLMS and
AP algorithms the SNRI are respectively 16.8679,
20.0307. In Figs. 7-8, we presented the results for FAP
algorithm. The parameters was once set to L=25,P=8.

From result it is clear that FAP has faster convergence
speed then LMS, NLMS and AP algorithms and
comparable RLS algorithm.

TABLE I1.SNR IMPROVEMENT IN DB

Algorithm SNRI (db)
LMS 13.5905
NLMS 16.8679
APA 20.0307
FEDS 22.2623
FAPA 24.9078
RLS 29.7355

in the training phase, the uttered words are recorded the
usage of 8-bit pulse code modulation (PCM) with a
sampling rate of 8 KHz and saved as a wave file the usage
of sound recorder software. The Automatic speech
recognition systems work fairly properly under smooth
stipulations but end up fragile in practical application
involving real-world environments. Table shows the
recognition performance achieved by the AGE and AGE-
NSS were compared.

TABLE I1l. AVERAGE WORD ACCURACY

SNR AGE AGE-NSS % of

indb Improvement

5 415 50.75 18.23

0 355 41.25 13.94

-5 30.25 36.25 16.55

10 21.75 29.5 26.27
Average 32.25 39.4375 18.22

X. CONCLUSION

In this paper the adaptive noise cancellation set up
imposed by FEDS and FAP algorithms. The results
compared with the LMS, NLMS, AP and RLS algorithms,
for attenuating noise in speech signals. From the
simulation results it is observed that convergence rate of
these algorithms is similar with the RLS algorithm. Also,
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the most effective values of the FEDS and FAP algorithms TR
were calculated by experiments. In these algorithms, the , P — =
huge range of iterations to be performed at every new

sample time is a user selected parameter giving rise to ‘
attractive and explicit tradeoffs between
convergence/tracking  properties and computational
complexity.

We have proposed a method for combining the Adaptive
Gain  Equalizer method and Nonlinear Spectral
Subtraction, so that improved speech recognition accuracy
overall performance also obtained under these noise
conditions. Comparative experimental outcomes are shown
in the figure through Fig. 8. to Fig. 11 against AGE & o S—
AGE-NSS, the speech recognition accuracy for AGE-NSS ot et £ 2 —
performs better that AGE for all cases. \
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Active Noise Control using the filtered-X LMS
FIR-RLS algorithm: Algorithm
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Fig. 8 Babble Noise added with speech signal
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Fig. 10 Leopard Noise added with speech signal
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Congestion Management Considering Economic
and Efficient Generation Rescheduling

N, Srilatha, IB. Priyanka Rathod, ®IG. Yesuratnam
(MBI Osmania University, Hyderabad

Abstract:--  Increasing interconnections and usage of power networks makes the system to work at almost full loading capacities.
Any type of disturbance in such scenario results in congestion of the existing network. This condition, if not managed within
required time may result in system collapse. This paper presents a simple and economic transmission line overload alleviation
method that is very much required in day-to-day operation and control of power systems. This method of managing the congestion
aims primarily at improving the voltage stability of the system while relieving the overload and does this economically to the
possible extent. Relative Electrical Distances (RED) between the loads and generators is the criterion for relieving the overload in a
transmission line, by rescheduling the generation. The process of rescheduling is done economically by making use of fuzzy logic
considering the incremental fuel costs of the generators. This method is illustrated using IEEE 39-node New England system and a

real-life system, 75-node North Indian power system

Index Terms—Congestion management, Generation rescheduling, Voltage stability, Fuzzy Logic

INTRODUCTION

Congestion management is an important technical
challenge in power system operation. The electric power
market background makes the operation of system further
complicated. The congestion management problem can be
devised as the emerging problem that needs to be
concentrated much in order to supply power to the
consumers in most reliable manner. The economical
operation of power system is also of much concern during
this process.

Addressing of various power flow control issues is made
more complex and difficult than ever before because of
competition and leads to several techno economical
disputes. Several algorithms based on conventional
optimization techniques are reported in the literature [1-4]
in this regard. When congestion occurs in a deregulated
power system, generation has to be rescheduled to ensure
system security. Zheng and Chowdhury [1] and Lobato et
al. [2] have described optimization methods to analyze and
solve the transmission overloads.

B.K. Panigrahi and V. Ravikumar Pandi [3] proposed a
new optimization approach, to solve the congestion
management using bacterial foraging (BF) optimization
technique. The multi objective framework to minimize
both generation cost and line overload index is given by
Sinha AK. et al. [4]. However, these conventional
optimization techniques are generally time-consuming
from a computation point of view, especially for large
systems. Hence, these methods are not suitable for

IMproving the Sysiem Security under emergency
operating conditions.

For on-line applications, there is a need for tools which
can quickly detect potentially dangerous situations of
congestion in transmission lines and voltage instability
problems in order to provide guidance to the operators to
steer the system away from cascade tripping and a possible
voltage collapse. Hence, efforts to improve the speed and
ability to handle stressed power systems have led to the
development of artificial intelligent techniques like Fuzzy
logic and Expert systems [5, 6], which may be appropriate
for assisting dispatchers in Energy Control Centre. By
using Operational Load Flow, Bansilal D. Thukaram and
K. Parthasarathy [5] presented an expert system for
alleviation of network over loads using phase shifting
transformers and generation rescheduling. A. N. Udupa et
al. [6] presented a fuzzy control approach for alleviation of
network overloads using Generation Shift Sensitivity
Factor (GSSF). These methods are well suited for
vertically integrated power systems. Kothari et al. [7]
presented reviews on congestion management issues in the
deregulated electricity markets. Under emergency
conditions the operator has to make quick decisions, with
little concern for the theoretical optimality of the operating
point. In this context, an efficient and simplified approach
has been proposed based on RED concept in [8]. However,
economics of generators is not considered here.

Congestion management is one of the major tasks
performed by system operators (SOs) to ensure the
operation of transmission system within operating limits.
Generation rescheduling is one of the mostly used methods
for the same purpose, it being simple and non-expensive.
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This paper proposes congestion management technique
utilizing RED concept and incremental fuel cost of
rescheduling generators using Fuzzy logic. This results in
minimum number of generators for rescheduling and less
cost involved in the rescheduling process.

The scheme of work in the paper is organized as
follows. The basis of generation rescheduling, Relative
Electrical Distances (RED) concept is explained in section
I1. The task of congestion management is illustrated using
three different approaches: I, Il & Il here. Management of
congestion by rescheduling generation is implemented
using only RED based method in Approach-I. Economics
of rescheduling is not considered in this approach. In
Approach-11, the economics of rescheduling the generators
is considered by making use of their incremental fuel costs
alone. So the effect of rescheduling only economically,
neglecting the desirable proportions, is dealt in this
approach. Approach-I11l, the proposed method, deals with
rescheduling process using fuzzy logic, which considers
both incremental fuel cost and desired proportion of
generations, D,g, as suggested by RED method. A
comparison of all three approaches is presented for the
considered test systems.

BASIS FOR GENERATION RESCHEDULING - RED

Consider a system where n is the total number of buses
with 1,2,...... g; g is the number of generator buses, and
gtl,...... n are remaining (n-g) buses.

For a given system we can write,

{IG}:[YGG YGL}[VG}
IL YLG YLL VL
1)

Where, Ig, I\, and Vg, V| represent complex current and
voltage vectors at the generator nodes and load nodes.
[Yeel, [Youl, [Yuds [Yis] are corresponding partitioned
portions of network Y -bus matrix. Rearranging (1) we get

{VL}{ZLL FLG}{IL}
IG KGL YGG VG
)

Where, FLG =- [YLL] -1 [YLG]-

The elements of [F.g] matrix are complex and its
columns correspond to the generator bus numbers and rows
correspond to the load bus numbers. Relative Electrical
Distance (RED) is the relative location of load nodes with
respect to generator nodes, and is obtained from [F g]
matrix.

[Ric]=[Al-abs{F. ]

)

Where, [A] is the matrix with (n-g) number of rows and
g number of columns, with all elements equal to 1.

The desired proportions of generators for desired load
sharing is also obtained from [F ] matrix, and is given by

[DLG ] = abs{[FLG ]}

(4)

[DLc] matrix gives the information, for each load bus,
about the amount of power that should be taken from each
generator under normal and network contingencies, as far
as the system performance is considered with respect to the
voltage profiles, bus angles and voltage stability L-index.
This matrix is used as the basis for the desired generation
scheduling. If each consumer takes the power from each
generator according to the [D.g] matrix the system will
have minimum transmission loss, minimum angle
separation between generator buses and minimum L-
indices.

The methodology used for relieving congestion in case
of any contingency can be explained as follows. For a
particular operating condition, Congested transmission
lines (over loaded lines) are identified and the contribution
of each generator to the congested line is estimated [9].
Among all the generators, those which are contributing to
the congested line(generators that have a share in the flow
of overloaded line) are identified as Generation Decrease
group (GD group).This is the group where generation
decrease is recommended to relieve the overloaded line
;And the generators which are not contributing to the
congested line (generators that do not have a share in the
flow of overloaded line) are categorized under Generation
Increase group (Gl group). This is the group where
generation increase is recommended.

At any instant of time, total generation change in
GD group must be same as the total generation change in
the GI group. The amount of generation change required to
relieve the congestion of the mostly congested line is
estimated. Then the total amount of required capacity
change is shared by the generators of the GD group in
proportion to the margins available on these generators.
Here, the margins of the generators of GD group are
estimated based on D, g matrix. The same amount of
generation change is to be met from the generators of Gl
group to avoid load shedding.

ECONOMIC GENERATION RESCHEDULING USING Fuzzy
LoGIC (PROPOSED APPROACH)

Generation rescheduling in this method is done
economically using Incremental fuel costs and efficiently
using D, ¢ values of RED method. Fuzzy Logic is used to
obtain an optimal scheduling value, utilizing both the
above-mentioned methods. Instead of selecting all the
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generators of Gl group for rescheduling, Fuzzy Inference
System (FIS) helps in selecting only few generators,
thereby, the time involved in changing the settings of
generators is reduced in case of an emergency situation.
The method is explained as follows.

Since these congestion management studies are first
performed offline, all the contingencies are simulated at
varying load conditions and the probable schedules of the
generators are calculated beforehand, so that they might be
of use under emergency operating conditions. If in any
case, the then operating condition of system does not
match with the conditions available offline, then algorithm
may be followed.

Algorithm for proposed Approach

Step 1: The solution of the load flows of the system, or
the status obtained from the state estimator gives the
picture of the system regarding voltages and power flows.
If any transmission line is overloaded, proceed to the next
step, otherwise stop.

Step 2: Based on RED concept, form the F g and D g
matrices. The elements of D, g matrix corresponding to the
overloaded line give the estimate of desired generation
from all the generators. The line with highest overload is
considered in case of multiple line overloads.

Step 3: Find the contribution of each generator towards
this highly overloaded line.

Step 4: Split up the generators into two groups, GD
group consisting of generators which actually contribute to
the overloaded line, and GI group consisting of non-
contributing generators.

Step 5. Estimate the margin available on each
contributing generator using D, g matrix.

Step 6: Estimate the required generation decrease AP" to
relieve the congestion using the actual contributions of
generators in the congested line.

Step 7: The total power AP™ of all generators of GD
group together constitute the rescheduling amount of
power

Step 8: For distribution of the rescheduling amount of
power among GI group of generators, D, ¢ coefficients and
incremental fuel costs of generators of this group are given
as inputs to the Fuzzy Inference System (FIS).

Step 9: These generators are assigned a priority by the
FIS, based on which the rescheduling power is allotted.
Generator with highest priority is first assigned additional
power depending on the margin available on it.

Step 10: The remaining power is allotted to generator
with next priority considering its margin. This results in
allotting the reschedule amount of power to few generators
only.

Step 11: After distributing total AP among few GI group
generators, perform the operational load flow and check if

congestion is relieved. If congestion still persists on the
overloaded line or other lines, go back to step 2.

Fuzzy Inference System (FIS)

Fuzzy inference is the process of formulating the
mapping from a given input to an output using fuzzy logic.
The mapping then provides a basis from which decisions
can be made, or patterns discerned. As the present
approach concentrates both on RED concept and
incremental fuel cost, both these factors are considered as
inputs for FIS in order to reschedule the power generation
among the non-contributing generators to the congested
line.

The inputs required for the FIS are

1. Elements of D ¢ matrix
2. Incremental fuel costs of the generators

Elements of D ¢ matrix, referred to as D, ¢ coefficients
of the generators indicate the Relative Electrical Distance
of the generator with respect to the overloaded line, and
hence provide an index of how much power it can
contribute so that the system parameters like real power
loss and voltage stability indices are improved. FIS is
designed such that the order of rescheduling of generators
is decided by a combination of D.g coefficient of a
generator and its incremental fuel cost. Hence, the output
variable of FIS is priority of the generator; this priority is
set to be high for a generator whose D¢ coefficient is high
and incremental fuel cost is reasonably low. The priority of
a generator ranges from 0 to 1, where O indicates the
lowest priority and 1 indicates highest. The amount of
power to be re-allotted to a particular generator will
depend on its priority and the margin available on it to
accommodate any additional generation (considering the
reactive limits also). Thereby, only some generators of Gl
group are selected for rescheduling process and the
remaining generators are left without disturbing their
generation. As a result, the number of generators of Gl
group to be rescheduled is reduced and also the additional
time and cost incurred for overload relieving is also
reduced.

Membership Functions and Rule Base of FIS

First input variable, D, ¢ coefficient is categorized
into five membership functions namely, Very Low
Contribution (VLCn); Low Contribution (LCn); Medium
Contribution (MCn); High Contribution (HCn) and Very
High Contribution (VHCn). Similarly, the other input
variable, Incremental fuel cost is also categorized into five
membership functions namely, Very Low Cost (VL); Low
Cost (L); Medium Cost (M); High Cost (H) and Very High
Cost (VH). Similarly, Output of the FIS, Priority of the
generator also consists of five membership functions,
namely, Very Less Priority (P5); Less Priority (P4);
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Medium Priority (P3); High Priority (H2) and Very High
Priority (P1). All the membership functions, as shown in
Fig.1 are considered to be triangular in nature in order to
have an even distribution of variables throughout the
range.

A fuzzy rule base is developed to select the generators to
be rescheduled on a priority-based order as given in Table
I. These rules can be explained as follows. P1 through P5
are the priorities assigned to the generators, where, P1
corresponds to highest priority with value of 1; and P5
corresponds to least priority with a value of 0.

DLG Coefficient

1 ViCn Len MCn HCn VHCD

0o 1 4 7 10 13 16
Incremental Fuel Cost

1 VL L M H VH

0 1 2 3 4 5 6 7

Priority of Generator
PS5 P4 P3 P2 P1

0 0 0.2 0.4 0.6 0.8 1.0
Fig.1. Membership functions of input and output
variables

Fuzzy rules are similar to the general {If (..),then (.)}
rules. One of the rules can be explained as follows.

“If D_ g coefficient of a generator is VHCn, and the
Incremental Fuel costis VL, then priority assigned is
P1.”

Similarly, 25 rules are framed in the proposed approach.
The two inputs of FIS are combined using ‘and’ clause.

Table I. Fuzzy rule base

CASE STUDIES

RED based congestion management method has been
illustrated on IEEE 39-node New England System. The
IEEE 39-node system is a simplified representation of the
345kV transmission system in the New England region
having 10 generators and 29 load nodes as shown in Fig. 2.

The congestion in the system is simulated through a line
outage which results in overloading of a nearby
transmission line. This overload in the line is first relieved
using Approach-l. For IEEE 39-node New England
system, an example is illustrated to explain the congestion
management procedure. As a consequence of line L10-
13outage, the line L5-6 is overloaded, the flow being 726.1
MVA (flow limit is 500 MVA). From the contributions
[10], it has been observed that flow in this overloaded line
is actually contributed by generators G31 and G32 with
percentages 55.8 and 44.2 respectively. Hence these two
generators belong to GD group and remaining eight
generators belong to GI group. Actual contributions of all
the generators to the congested line as per D g matrix
based on RED concept are indicated in Table II.
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Margin available at G31 is (36.7-55.8) =-19.1%
Margin available at G32 is (29.1-44.2) = -15.1%.

| tal Fuel cost The amount of generation decrease recommended
neremental Fuet cos at these two generators is in proportion to their margins.
vL lLIMIHI| VH By changing the generation at G31, 128.3 MVA can be
- relived and at G32, 99.0 MVA in the overloaded line can
qC_) VLCn P4 | P4 | P4 | P5 P5 be relived.
-..:é LCn P3 | P3| P4 | P4 P5 Amount of generation decrease suggested at
3 G31 is AP31- = 128.3/0.558 = 230.0
S MCn P2 | P2 | P3| Pa| P4 MW s
09 HCn P1 | P2 | P2 | P3| P4 G32 is AP32- = 99.0/0.442 = 224.0 MW.
The total Generation decrease for the GD group is
VHCn PL | P1L| P2 | P3| P4 (230+224) =454 MW.
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Generators in Gl group are allotted with rescheduling
power in the ratio of their D ¢ values.
The Generation rescheduling is as follows:
AP30+=71 MW AP33+=47 MW
AP34+=21 MW
AP35+=49 MW AP36+=27 MW AP37+=42
MW
AP38+=26 MW AP39+=173 MW
AP31-=230 MW AP32-= 224 MW
The generation to be rescheduled is as follows in
the case of Approach-Il, where only incremental fuel costs
of the generator are considered.
AP36+ = 140 MW AP39+ = 200 MW
AP30+=114MW
AP31-=230MW AP32- = 224MW

Table Il. D, values of the overloaded line

G30 | G31 | G32 | G33 | G34 | G35 | G36 | G37 | G38 | G39
6.5 36.7 | 29.1 4.3 1.9 4.5 25 3.8 2.4 15.9

In the proposed approach, priority of each generator is
estimated as indicated in Table Il from the output of the
FIS. Based on the priority values, all the generators of Gl
group are ranked. The output of the FIS is the priority of
the generators in the Gl group ranging from 0 to 1, where 0
indicates the lowest priority and 1 indicates the highest.

The amount of generation decrease suggested at GD
group generators (G31 and G32) is 230 MW and 224 MW
respectively. Hence, the total amount of power to be
rescheduled is 454 MW. All this power is to be allotted to
the generators of GI group. Out of all the generators of Gl
group, G39 has the highest priority and the margin
available on this generator is 200 MW. Out of 454 MW,
200 MW is allotted to G39. The generator of next highest
priority is G30. Since the margin available is 250 MW, of
the remaining power 250 MW is allotted to G30. Since
some amount of power has to be allotted yet, the generator
with next priority, G36 is allotted 4 MW. So with this
proposed fuzzy logic approach the new generation
scheduling is as follows

AP31- =230 MW,

AP39+ = 200MW,

AP36+=4MW

AP32- =224 MW
AP30+ = 250 MW,

Table I11. Priorities of GI group generators of IEEE 39-
node system

G36 0.300 3
G37 0.199 5
G38 0.170 7
G39 0.700 1

Table V. Performance parameters of IEEE 39-node

system

System Pre- Rescheduli | Rescheduli | Reschedulin
Performanc | Resche | ng based | ng based | g based on
e parameter | duling | on RED on FLC

Flow (Approach-) | Economy (Approach-111)

(Approach-
11)

Flow in
congested 726.1 443.1 443.9 442.3
line 5-6 | (145%) (89%) (89%) (88%)
(MVA)
Ploss (MW) | 46.33 49.99 46.64 43.66
Vmin (pu) 0.982 0.982 0.982 0.982
Max (Li) 0-;10 01040 | 0.1038 0.1049
L2 0-1745 0.1411 0.1404 0.1402
ve 0030 1 00205 | 0.029 0.0311
No.of
generators -- 10 5 5
rescheduled
Cost of
Reschedulin
g of Gl
group -- 54.87 20.18 20.70
generators
($/h)

From the above Table, it is clear that generation
rescheduling in all the three approaches leads to relieving
congestion of the overloaded line. These results indicate
that the voltage stability improvement is much better with
first approach, however this approach is not acceptable as
it is expensive. The second approach that is aimed at
economic rescheduling of generators results in less cost of
rescheduling as the number of generators considered has
been reduced. The proposed Fuzzy logic-based approach
provides the more optimal solution, the power losses are
least, voltage stability improvement is observed and the
cost of rescheduling is also almost as minimum as possible,
similar to second approach.

From this analysis, it is obvious that the number of
generator settings to be adjusted is reduced and the cost
involved in doing so is also decreased inherently. The
proposed approach not only improves the system security
but also reduces the rescheduling cost of the generators of
the GI group. Hence, this approach is most appropriate one
for implementing in Energy Control Centre during
emergencies.

The above results obtained from the proposed approach

Gl group Priority Rank of Generator
Generators (obtained using FIS) (Based on Priority)
G30 0.44 2
G33 0.228 4
G34 0.087 8
G35 0.196 6
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are compared with the results in Reference [8]. The outage
of line 4-14 is considered to observe the rescheduling
effect of mitigating congestion in the line 5-6. The results
[9] of comparison are listed in Table V. It can be observed
that the main objective of reducing the congestion in the
overloaded line is achieved along with the added advantage
of reduced number of generators adjustment for
rescheduling and reduced cost of rescheduling.

Table V. Comparison results of proposed approach
with Reference [8]

Parameter Reference [8] Proposed Approach
Flow ;?t'e'Pe 6 | si18mMvA 494.6 MVA
0, 0,
rescheduling (102.4%) (99%)
Number of
Generators for 10 4
rescheduling
Cost of
Rescheduling 39.46 $/MWhr 11.40 $/MWhr
Power loss 58.0 MW 54.6 MW
i o 0.7259 0.7246
Ve 0.0331 0.0339

all generators with respect to this overloaded line along
with priority of all generators of GI group obtained using
FIS are presented in Table VI . The results of rescheduling
are illustrated in Table VII.

Table VI. D g values and Priorities of GI group generators
of 75-node system

Priority Rank of
Gl group Dy values (obtained using Generator
Generators LG (Based on
FIS) Priority)
G2 10.7 0.221 12
G3 34 0.511 4
G4 9.2 0.343 6
G5 34 0.300 8
G6 2.7 0.225 11
G7 1.3 0.300 7
G8 15 0.260 10
G9 24 0.408 5
G10 7.2 0.525 2
G11 12.8 0.300 9
G14 2.4 0.554 1
G15 2.6 0.525 3

Table VII. Performance parameters of 24-node system

Similar analysis is also summarized for a real 75-node
North Indian power system. 75-node Indian power system
corresponds to Uttar Pradesh State Electricity Board
(UPSEB) system, shown in Fig.3. It has 15 generators, 60
load points and 98 transmission lines (including 24
transformers).

Fig.3. 75-node Indian Utility system

In order to illustrate the efficiency of the proposed
method, the line connecting the buses 15 and 23 is
considered for outage. This results in overloading of the
line connecting 23 and 24 buses. The D g coefficients of

System Pre Rescheduli Reschedulin Rescheduling
. based on FLC
Performance Rescheduli ng based on g based on based
parameter ng RED Economy economy
Flow in
I;:r?:?;;tgj) 679.2 582.4 597.9 567.1
v (133%) (114%) (117%) (111%)
P loss (MW) 210.7 166.6 161.1 165.8
Vmin (pu) 0.918 0.936 0.937 0.937
Max (Li) 0.6716 0.5748 0.5489 0.5674
L2 6.437 4.648 4.189 4.681
Ve 0.0655 0.0998 0.1093 0.1005
No. of
generators .
rescheduled 15 8 8
Cost of
Reschedulin
g of -- 82.41 32.61 34.96
generators
($/h)
CONCLUSION

The objective of an energy control centre is to ensure
secure and economic operation of power system. In this
connection, three approaches for congestion relieving are
discussed in this paper. Approach I based on RED concept
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not only relieves the congestion but also improves the
voltage security and reduces the system power loss. But,
the incremental fuel cost incurred is very high in the
approach. To overcome this, an Approach Il based on
incremental fuel cost of generators has been explained.
This Approach 1l is acceptable from economics point of
view, but in terms of voltage security and loss reduction
this approach is not advisable. Hence, an Approach llI,
based on RED and economic operation, using fuzzy logic
is proposed in this paper. This approach not only improves
the voltage security and loss reduction but also the solution
obtained is economical. Finally, an attempt has been made
for curtailing the number of generators to be rescheduled
for congestion relieving. The results obtained on the
considered test systems and practical systems reveal that
the proposed approach is most appropriate one for
implementing in Energy Control Centre for security and
economy-oriented power system operation under present
day deregulated environment.
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Abstract:--

In recent years, Antenna design has become one of the important considerations in communication technology.

Different antenna designs serve different purposes basing on their performance characteristics, physical design constraints and
radiation characteristics. This paper discusses the concept of fractal geometry and applies it to antenna theory. This paper aims to
investigate how a random array antenna radiation characteristics can be improved by the choice of fractal geometry of Sierpinski
gasket over random and periodic array antenna. Matlab code is used to generate antenna geometry and also its radiation pattern

along with its array factor curves.

I. INTRODUCTION

The diseased gene identifying based on a network of
Wireless communication has been advancing day by day
with ever increasing demand for wireless devices, but
works have been still going on to achieve desired radiation
characteristics for specific applications. Designing a low
profile antenna i.e small in size with wide band or
multiband application and less complex in design is one of
the most important concern. Many attempts have been
made to achieve multiband operation but in most of the
cases size reduction may not be possible. This size
reduction along with multiband operation can be achieved
using fractal geometries as antenna designs. Antenna
arrays provide high gain, diversity, beam steering and also
Maximize SNR and cancel interference patterns when
compared with single antennas. An array of antennas can
be of antenna elements placed on a plane in either a
periodic or random fashion. These two patterns of
arrangement show different radiation properties. Side lobe
reduction can be achieved by periodic arrangement of array
elements but require more number of array elements. On
the other hand, random arrays have higher side lobes, but
require less number of array elements and are likely to
work in case if one or two elements in array may fail hence
they are more robust. This concept of antenna arrays can
be extended to Fractal geometry to bridge the gap between
random and periodic configurations in antenna arrays. This
paper is organized as follows. In section 1 describes Basics
of fractal Geometry followed by Linear arrays in section 3
and then comes section 4 which contains periodic arrays
followed by random arrays in section 5. While the results
are depicted in section 6, optimized array comparisons are

shown 1n section 7 and Tollowed by conclusions and
references

Il. FRACTAL BASICS

Fractal geometries can be defined as geometries a part of
which exhibits same characteristics as that of whole
structure. Fractal geometries are subset of Euclidean
Geometry. Self-Similarity is a properties exhibited fractal
geometries that play a crucial role in fractal based antenna
designs.  Self-similarity can be defined as at any
magnification a part of structure always looks exactly
similar to that of original structure. For example consider
figurel which is called Sierpinski carpet

In above figure both large and small square boxes are
exactly similar to that of whole structure even though they
are at different magnification hence it is a self-similar
structure. We can obtain a relation for fractal dimension if
we know the scaling factor. Suppose if there are “N” such
copies of original geometry scaled down by a fraction “F”,
then the dimension of the fractal is given by D , where

D log(N)

log(1p)
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Examples of some fractals are Sierpinski gasket, von
koch snowflake, Malinowski curve etc which are classified
as deterministic. On the other hand there are another
classification of fractals which represent naturally
occurring objects like tress, mountains etc these fractals
called as random fractals

Deterministic fractals

There may be many more fractal geometries in both
deterministic and random fractals this paper limits the
discussion to these fractals only. Fractal geometries can be
generated using computer graphics with recursive
algorithm. There are different procedures for both
deterministic and random fractals. However this paper
mainly focuses on Sierpinski triangle

Methods of generating Sierpinski gasket

A. Removing central part

Sierpinski triangle can be formed by removing the central
part of base triangle. Initially we take a base triangle and
join the mid points. Now the mid points are joined and 4
scaled versions of actual triangle are formed from which
central triangle is removed. This completes one iteration
and remaining 3 triangles resembles the scaled version of
actual triangle. Same procedure is applied to those scaled
triangle to as many required number of iterations. Usually
equilateral triangle is taken but it is not mandatory. This
method is difficult to implement using matlab. This is
pictorially shown in figure 2

Fo
A A W
P,

Figure2: Sierpinski gasket

More are the number of iterations lesser are the resonant
frequencies but it is significant over first few iterations
only later it diminishes after few iterations. Also the
amount of scale that is required for each iteration
diminishes as no of iterations increase. This equation gives
the relation between resonant frequency of linear dipole
versus normalized frequency of fractal antenna

f= fd[l—exp(nT_ljln?D}

Where “f” is normalized resonant frequency of fractal
antenna
And “fd” is the resonant frequency of linear dipole

Sierpinski Triangle for 4 iterations

Sierpinski Triangle for 5 iterations

B. Using Iterated function system(IFS)

Fractal geometries can be generated using Iterated function
system (IFS). Again Iterated function system is a
composite of affine transformations and random point
generation. Affine transformations for Sierpinski triangle
are simpler and are generally expressed as matrices namely
transitional and transformational matrix
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Affine transformation :

(36 5[5

Or

W(x,y) = (ax+by+e, cx+dy+f)  where a,b,c,d,e,f are real
Rotation and scaling are controlled by parameters “a,b,c,d”
while “e,f” control linear translation

Now consider “A” be the original geometry and
W1,W2,W3,...Wn be a set of linear transformations, then
applying these set of transformations to original geometry
A results in generation of new geometry by collecting

N
results from W (A) = UWn(A)

n=1
By repeatedly applying “W” to previous geometries new
fractal geometry will be obtained
Al=W(A), A2 =W(A1) .. Etc
while on the other hand random point generation algorithm
generates Sierpinski triangle by specifying the number of
points with which the fractal should be generated. This
method makes use of matlab script that uses probability to
randomly place points within a boundary which are
specific to Sierpinski fractal. Matlab random number
generator is used to create fractal aids in filling the ordered
vs disordered gaps. This paper uses random point
generation method to generate Sierpinski gasket

I11. ANTENNA ARRAYS

Individual antenna elements when arranged in an array
shows higher gain than any of the individual array
elements. This happens because gain of individual
elements adds up resulting in higher gain than any of its
elements in an array. There are two different ways of
arrangement in array, namely linear fashion and planar
fashion. In constructing linear and planar arrays the
radiation properties of distinct patterns must be analyzed in
order to optimize the array for certain uses. The linear
arrays are considered upon which “N” number of elements
are placed in linear fashion along a particular axis while in
planar array, all the array elements are arranged in a plane.
Theoretically radiation pattern for an array antenna can be
found from pattern multiplication theorem which states

Array pattern = (array element pattern) X (Array factor)
Normalized value of array factor is obtained as follows
1 sin(NW¥/2
(AF)n :——_( )
N sin(W¥/2)
Here, N is the number of elements and is defined as the

array phase function and is a function of the element
spacing, phase shift, frequency and elevation angle.

Figure3 and figure4 gives the radiation pattern for linear
array antenna with 25 elements and 50 elements
respectively

radiation pattern for array of 25 elements
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Figure 3 : linear array with 25 elements

d

Z: 0.33, for both arrangements

d/A is the ratio of the distance between each element in
wavelengths. The charge is kept equal for all elements to
make the calculations simpler. As the elements are placed
within 1 wavelength, there is constructive interference such
that there is one main lobe and side lobe ratio decreases as
more and more elements are placed in an array. But here
the width of main lobe is observed to become narrower
with increase in number of elements.

radiation pattern for array of 50 elements
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Figured : linear array with 50 elements

From the figures 3 and 4 we can say that side lobe are
comparatively lower and main lobe is narrower in 50
element array compared to that of 25 element array. There
is a trade of between gain and beam width in linear array
arrangement.An optimized antenna will have no side lobes.
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The side lobes would easily cause air traffic control to
confuse a large airplane at the height of the side lobes with
a small plane at the peak of the main beam. Another
characteristic of an optimized beam involves a thin single
main beam.

IV. PERIODIC ARRAYS

Planar arrays have all the antenna elements arranged on a
plane in a grid. Side lobes are comparatively lesser in ratio
to that of main lobe. This paper make use of matlab to
generate periodic array consisting of 412 elements
represented with “*” symbol in corresponding graphs. We
have chosen the limits of axis as -0.5 to 1.0 since we have
used matlab random point generator to generate random
arrays and fractal arrays which defaultly takes axis from -
0.5 to 1.0. These dimensions are chosen for scaling
purposes, as our fractal array uses this size window.
Matlab generated planar array of antenna is shown in
figure 4A.The radiated field is shown in figure 4B in a
gray-scaled color map where blue is the lowest point and
Red is the highest point in radiation pattern.
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Figure 4A: Planar array with 412 elements having
equal distances

[0.5-1)

Figure 4B: Top view of radiation pattern for periodic
array
V. RANDOM ARRAYS

The radiation characteristics of random arrays are more
desirable. The random arrays have an advantage of
exhibiting favorable radiation characteristics with less
number of elements. In this type of array even if some

elements fail the radiation characteristics are least affected.
Using matlab random point generator, we plotted 412
random array elements. Figure 5A represents the random
array of 412 elements. The radiation pattern of random
array with 412 antenna elements is represented in figure
5B. One point to note in radiation pattern of random array
is there is a 180-degree symmetry, which is more apparent
about the main beam.

This paper bring the comparison between periodic arrays,
Random arrays and attempt to show how the fractal arrays
attempt to fill the void between the radiation characteristics
of random array and periodic array. Fractal show that how
the radiation characteristics of Random arrays can be
achieved by using fractal geometries. In top view of
radiation pattern Red indicate the highest point and blue
indicate lowest point.
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Figure 5B: Radiation pattern of Random array.
VI. SIERPINSKI FRACTAL

This paper makes use of Matlab code to generate
Sierpinski triangle which essentially consists of 412
elements. The axis is defaultly fixed between -0.5 and 1.0
by random point generator in matlab. Figure 6A shows the
fractal geometry of fractal array and figure 6B shows the
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radiation pattern. The radiation pattern indicate that side
lobes are lesser than that of in periodic array but larger
than in random array. It can also be observed that if more
number of elements are used in a fractal array, the side
lobes are further reduced
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Figure 6A: Random-point-generated Sierpinski gasket.
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Figure 6B: Radiation from random-point-generated
Sierpinski gasket.

VIl. COMPARISON OF RADIATION PATTERN

In any antenna array it is always desired to have a low side
lobe ratio. In figure 7C which represents the radiation
pattern of periodic array the main lobe is in such a way that
there is no chance of interference. Where as in figure 7A
which represents the radiation pattern of random array has
low side lobes unlike as in case of periodic array. Fractal
array assumes the main lobe characteristics of periodic
array and lower side lobe ratio like random array
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Figure 7A: Side view of radiation pattern of random
array.
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Figure 7B: Side view of radiation psttern of fractal
array.
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Figure 7C: Side view of radiation [pattern of periodic
array

As the number of elements in an fractal array increases the
side lobes are much reduced. Figure 7D represents the
radiation pattern of fractal array with 700 array elements.
But one point to be noted here is the main lobe degradation
which is undesirable occurs with increase in number of
elements. Hence we can say that side lobes in radiation
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pattern of fractal antenna can be decreased at the cost of
increase in main lobe degradation
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Figure 7D : Radiation pattern of fractal array with 800
elements

VIll. ADVANTAGES

1. Miniaturization of antenna size can be achieved while
keeping high radiation efficiency using fractal antenna

2. Better impedance matching is possible using fractal
antennas

3. Metamaterial applications like cloaks can be effectively
done using fractal geometry

4. Shows consistency in performance over huge frequency
range i.e (frequency independent)

5. Reduced mutual coupling in fractal array

6. Sierpinski gasket can be used as monopole and dipole
elements whose peripherals are similar to cross section of
monopole and dipole antenna

For linear dipole, the first resonance occur at A/2 which
may be higher for certain frequencies.For such frequencies
height of antenna required will be higher which can
obviously reduced by using Sierpinski triangle

IV. CONCLUSIONS

It can be observed that the random array performed better
than the fractal array. According to previous work, there is
an intersection point where the number of elements in a
fractal array and random array cause for the one to be more
effective as the other. As the array holds more elements,
the random arrays perform better. Aside from the side lobe
levels, the fractal did have overall a better main beam,
regardless of the number of points. A draw back for
random arrays with many elements at that, as the number
of elements increases, main beam degradation is quite
significant.
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Abstract:-- The prospective paper presents a measured cascaded H-bridge multilevel photovoltaic (PV) inverter for single-or three-
stage grid associated applications. The secluded cascaded multilevel topology improves the effectiveness and adaptability of PV
systems. To acknowledge better use of PV modules and boost the solar energy extraction, an appropriated maximum power point
tracking control plot endure connected to both single-and three-stage multilevel inverters, whichever permits free control of every
dc-link voltage. For three-stage grid-associated applications, PV confounds might  present unequal provided power, prompting
uneven grid current. To comprehend this issue, a control conspire among modulation compensation endure likewise proposed. A
test three-stage seven-level cascaded H-bridge inverter has been fabricated using nine H-bridge modules (three modules for
exclusive stage). Every H- bridge module endure associated among a 185-W solar panel. Simulation results obtain exhibited to

confirm the practicality of the prospective methodology.

Keywords:- cascaded H-bridge inverter ,photovoltaic (PV) inverter nine H-bridge modules

1. INTRODUCTION

Solar Power Systems

A photovoltaic framework, also sun based PV control
framework, or PV framework, endure a power conspire
intended to supply usable sun powered power beyond
methods for photovoltaic’s. It comprises of a course of
action of a few parts, including sun powered boards to
ingest and change over daylight into power, a sun powered
inverter to change the electric flow against DC to AC,
equitable as mounting, cabling and other electrical
accomplices to set up a working framework.

Entirely, a sun powered cluster equitable incorporates the
group of sunlight based boards, the unmistakable piece of
the PV framework, and does exclude the various
equipment, frequently outlined as parity of plan (BOS).
Besides, PV frameworks convert light specifically into
power and shouldn’t act mistaken for different
advancements, for example, concentrated sun oriented
power or sun oriented warm, utilized for warming and
cooling. PV frameworks run against little, rooftop top
mounted or assembling coordinated frameworks among
limits against a couple to a few several kilowatts, to
expansive utility-scale control stations of many megawatts.
associated, while off-lattice or remain solitary frameworks
represent a little bit of the market. Working quietly and
among no moving parts or ecological emanations, PV
frameworks have created against being specialty advertise
applications into a develop innovation utilized for standard
power age. A housetop conspire recovers the contributed
vitality for its assembling and establishment inside 0.7 to 2

years and creafes about 95percent of net clean sustainable
power source over a 30-year administration lifetime.

Because of the exponential development of photovoltaic,
costs for PV frameworks have quickly declined as of late.
latest any case, they shift beyond market and the span of
the framework. latest 2014, costs for private 5-kilowatt
frameworks latest the United States were around $3.29
per watt,[4] while latest the exceptionally infiltrated
German market, costs for housetop frameworks of up to
100 kW declined to €1.24 per watt.[S] Nowadays, sun
powered PV modules represent not exactly 50% of the
system&#39;s beyond and large cost leaving the rest to the
rest of the BOS-segments and to delicate costs, which over
incorporate client obtaining, allowing, review and
interconnection, establishment work and financing costs.
Notwithstanding, ready obtain two power change organizes
latest this setup. Another fell inverter endure appeared
latest Fig. 1(f), where exclusive PV board endure
associated among its own dc/air conditioning inverter, and
those inverters obtain again put latest arrangement to
achieve a high-voltage level . This fell inverter would keep
up the advantages of "one converter for every board, for
example, better use per PV module, capacity of blending
distinctive sources, and excess of the framework.

What's more, this dc/air conditioning fell inverter
evacuates the requirement for the per-string dc transport
and the focal dc/air conditioning inverter, which over
further improves the general proficiency. The particular
fell H-connect staggered inverter, which over  requires a
confined dc hotspot for every H-connect, endure one dc/air
conditioning fell inverter topology.
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s

String Inverter

AC-module
Inverter

d)
Fig_ 1 Configurations of PV systems. (a) Central
inverter. (b) String inverter. (c) Multi string inverter.
{d) AC-module inverter. (g) Cascaded dc/dc converter.

(f) Cascaded dc/ac inverter.

A measured fell H-connect staggered inverter topology for
single-or three-stage lattice associated PV courses of action
stopover realistic inside this paper. The board crisscross
issues act routed to demonstrate the need of individual
MPPT control, and an oversee conspire through
disseminated MPPT oversee stopover at such point
proposed. The circulated MPPT oversee plot protect act
connected to both 1 and three-stage frameworks. Inside
expansion, for the exhibited three-stage lattice associated
PV framework, if exclusive PV module remains worked
at its owing MPP, PV crisscrosses might acquaint
anomalous power provided among the three-stage
staggered inverter, prompting irregular infused matrix
current. To adjust the 3-stage lattice current, tweak
repayment remain besides added to the oversee framework.

Il. SYSTEM DESCRIPTION
Particular fell H-connect staggered inverters for 1 and

three-stage framework associated PV game plan obtain
uncovered inside Fig. 2.

L R
. -
i at a b
haft] - [ondee I
b INV. ' H- H- H-
e + Vv Bridge Bridge Bridge
: H- v ! INV. [T INV, INV.
'»":"vz Bridge GidQ) ¥ e ]
1INV, -
: . H- H- H-
—| . . - .
Vievsz Bridge E Bridge " Bridge
| , INV. INV, INV,
PP il
: H | |
Vi H Bridge fpuan | |
- INV, + He H e M H-
I Vera| © Bridge Bridge Bridge
INW. —| INV. —l 1NV, —|
H-Bridge Inverter
N

Fig. 2 Topologv of the modular cascaded H-bridge multilevel inverter for grid-connected PV svstems.

Each fragment comprises of n H-connect converters related
inside arrangement, and the dc connection of exclusive H-
connect save act nourished beyond a PV board or a short
grouping of PV boards. The fell staggered inverter
stopover irrelevant to the matrix through L channels,
which over act utilized to lessen the exchanging music
inside the current. Beyond various mixes of the four
switches inside exclusive H-connect module, three yield

Vtg levels protect act created: —vdc, 0, or +vdc. A fell
staggered inverter through n input sources desire give 2n +

1 levels to orchestrate the air conditioner yield waveform.
This (2n + 1) level Vtg waveform empowers the decrease
of sounds inside the incorporated current, lessening the
span of the required yield channels.

I11. PANEL MISMATCHES

Each portion comprises of n H-connect converters related
inside arrangement, and the dc connection of exclusive H-
connect safeguard act bolstered beyond a PV board or a
short succession of PV boards. The fell staggered inverter
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stopover irrelevant to the lattice through L channels,
which over act utilized to diminish the exchanging
sounds inside the current. Beyond various blends of the
four switches inside exclusive H-connect module, three
yield Vtg levels protect act produced: —vdc, 0, or +vdc. A
fell staggered inverter through n input sources desire give
2n + 1 levels to combine the air conditioner vyield
waveform. This (2n + 1) level Vtg waveform empowers
the decrease of music inside the combined current,
diminishing the extent of the required yield channels.

Consider a working circumstance such exclusive board
has an alternate light against the sun; board 1 has
irradiance S = 1000 W/m2, and board 2 has S = 600 W/m2.
On the off chance such equitable board 1 stopover
followed and its MPPT coordinator decides the normal Vtg
of the 2 boards, the power separated against board 1
would act 133 W, and the power against board 2
would act 70 W, as safeguard act seen inside Fig. 3.
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Fig. 3 Power extracted from 2 PV panels.

Without individual MPPT compose, everything impact
collect starting the PV technique stopover 203 W. latest
any case, Fig. 4 demonstrates the MPPs of the PV boards
underneath the different irradiance. The best efficiency
control guidelines inspiration act 185 and 108.5 W while
the S esteems act 1000 and 600 W/m2, correspondingly,
which over income to the all out power gather against the
PV proposition would act 293.5 W if character MPPT
protect act accomplish. These higher qualities stopover
about 1.45 occasions of the 1 preceding. Latest this
manner, personage MPPT manage inside exclusive PV
segment wait required to intensify the proficiency of the
PV association.
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Fig. 4 P-V characteristic under the different
irradiance

Inside a 3-stage framework associated PV framework, a
PV crisscross might cause more issues. Aside initiating
lessening the beyond and large effectiveness, this might
even begin anomalous power provided to the three-stage
lattice associated framework. On the off chance such ready
act PV befuddles associating stage, the information impact
of exclusive stage would act particular. Since the lattice
Vtg stopover unbiased, this distinction inside information
power desire make anomalous current the network, which
over remains not permitted beyond matrix gauges.

IV. CONTROL SCHEME

A. Distributed MPPT manage

So as to annul the unfriendly impact of the jumbles and
increment the productivity of the PV framework, the PV
modules need to work at various voltages to improve the
usage per PV module. The different dc interfaces inside the
fell H-connect staggered inverter make autonomous Vtg
oversee conceivable. To acknowledge individual MPPT
oversee inside exclusive PV module, the oversee conspire
prospective inside remain refreshed for this application.
The conveyed MPPT chief of the 3-stage fell H-connect
inverters remain appeared inside Fig. 5.
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Fig. 3 manage scheme for three-phase modular
cascaded H-bridge multilevel PV inverter.

Inside exclusive  H-connect module, MPPT controllers
remain added to create the dc-interface Vtg reference.
Exclusive dc-interface Vtg remain contrasted among the
relating Vtg reference, and the total of all blunders
stopover controlled through an all out Vtg controller
such decides the present introduction lg. . The responsive
current introduction lges Save act set to zero, or if
receptive power remuneration stopover required, g
protect latest addition act given beyond a receptive
current number cruncher. The synchronous introduction
outline stage bolted circle (PLL) has been utilized to
discover the stage point of the matrix voltage.

The disseminated MPPT oversee conspire for the single-
stage plot remain almost the equivalent. The all out Vtg
controller gives the greatness of the dynamic current
reference, and a PLL gives the recurrence and stage edge
of the dynamic current reference. The present circle at such
point gives the regulation list. To make exclusive PV
module work at its owing MPP, take stage a for instance;
the voltages vdca2 to vdc a act controlled separately
through n — 1 circles.

A stage moved sinusoidal heartbeat width adjustment
exchanging plan stopover at such point connected to
deal among the exchanging gadgets of exclusive  H-
connect. It safeguard act seen such ready remain 1
H-connect module out of N modules chose balance index
remain gotten beyond subtraction. For single-stage
frameworks, N = n, and for 3-stage frameworks, N = 3n,

where n remain the quantity of H-connect modules per
juncture.

B. Modulation Compensation

As referenced before, a PV bungle might make more
issues a three-stage particular fell H-connect staggered PV
inverter. Through the individual MPPT oversee inside
exclusive  H-connect module; the info sunlight based
intensity of exclusive stage would act extraordinary,
which over acquaints strange current among the matrix. To
illuminate the issue, a zero arrangement Vtg save act
forced upon the stage legs inside request to influence the
present streaming into exclusive stage.

In this way, the tweak pay obstruct, as appeared inside Fig.
6, remain added to the oversee plan of 3-stage particular
fell staggered PV inverters. The key remain how to refresh
the regulation catalog of exclusive stage without
expanding the multifaceted nature of the oversee
framework.
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Fig. 6 Modulation compensation scheme

In the first place, the irregular power stopover  weighted
beyond proportion rj , which over stopover
determined as

7= Pinav (1)

Pinj

Where Pi,; remain the information intensity of stage (j = a,
b, ¢), and P, remain the normal info control. At such
point, the infused zero arrangement adjustment files
safeguard act produced as

dy = %[min(ra.da, 1y dp, 1o de) + max(r,.dg, 1. dp, 1. d)] (2)
Where dj remain the adjustment catalog of stage (j = a, b,
¢) and stopover dictated beyond the present circle
controller. The tweak index of exclusive stage remain
refreshed by

Just straightforward figurings act required inside the plan,
which over won't expand the intricacy of the oversee
conspire. A model remain exhibited to demonstrate the
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tweak pay conspire all the more unmistakably. Accept such
the information intensity of exclusive  stage stopover
unequal

Pinazo-8 Pinb=1 Pinc=1 (4)
By infusing a zero succession balance registry at t = 1 s,
the fair-minded balance catalog desire act refreshed, as
appeared inside Fig. 7. It protect act seen that, through the
remuneration, the refreshed tweak catalog stopover
strange relative to the power, whichever implies such the
yield Vtg (vjN) of the three-stage inverter stopover
uneven, however this creates the ideal impartial network
current.
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Fig. 7 Modulation indices before and after
modulation compensation

V. SIMULATION RESULTS

Reproduction tests act completed to approve the
prospective thoughts. A particular fell staggered
inverter model has been worked inside the research center.
The MOSFET IRFSL4127 stays chose as inverter switches
working at 1.5 kHz. Three-stage seven-level fell H-connect
inverters stopover mimicked and tried. Exclusive H-
connect has its owing 185-W PV board associated as an
autonomous source. The inverters stopover associated
among the lattice through a transformer and the stage Vtg
of the auxiliary oblique remain 60 Vrms. The plan
parameters obtain appeared Table I.

TABLE |
SCHEME PARAMETERS
Parameters Value
DC-link capacitor 3600 pF
Connection inductor £ 2.5mH
Grid resistor R 0.1 ohm
(Grid rated phase voltage 60 Vrms
Switching frequency 1.5 kHz

A. Simulation Results

To check the prospective oversee plot, the three-
stage  matrix  associated PV  inverter  stopover
reproduced inside 2 disparate conditions. Initially, all PV
boards act worked under a similar irradiance S = 1000
W/m2 and temperature T = 25 °C. At t = 0.8 s, the sun
based irradiance on the first and 2 boards of fragment a
reductions to 600 W/m2, and such for alternate boards
remains the equivalent. The dc-interface voltages of stage a
act appeared inside Fig. 8.
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Fig_ § DC-link voltages of phase a through
distributed MPPT (T = 25 =C). (a) DC-link Vig of
modules 1 and 2. (b) DC-link Vig of module 3

The PV contemporary waveforms of segment a
act  proven inside Fig. 9. After t = 0.Eight s, the currents
of the first and 2d PV panels act an awful lot smaller
because of the low irradiance, and the lower ripple of the
dc-hyperlink Vtg maintain act discovered inside Fig. 8(a).
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Fig. 9 PV currents of phase a through distributed

MPPT (T =25 °C).

IFERP

International Conference Visakhapatnam

68 ISBN: 978-81-940803-3-6



International Conference on Renewable Energy and Sustainability

Visakhapatnam, Andhra Pradesh, sthe 6"', April 2019

The dc-interface voltages of stage b act appeared inside
Fig. 10. All stage b boards track the MPP Vtg of 36.4 V,
which over demonstrates such they act not impacted
beyond different stages. Through the circulated MPPT
control, the dc-connect Vtg of exclusive H-connect
protect act  controlled autonomously. Inside different
words, the associated PV board of exclusive H-connect
save act worked at its owing MPP Vtg and won't act
affected beyond the boards associated among other H-

spans.
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Fig 10 DCHink voltages iof phase b through
distributed MPPT (T = 25 =C).

Thus, more solar energy maintains act extracted, and the
performance of the overall PV scheme could act
increased. Fig. 11 shows the power extracted against every
segment. At the beginning, all panels act operated
beneath irradiance S = a thousand W/m2 and exclusive
section remain producing a maximum power of 555 W.
After t = zero.8 s, the power harvested against phase a
decreases to 400 W, and those against the alternative 2
levels stopover the same.
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Fig. 11 Power extracted from PV panels through
distributed MPPT.

Clearly, the power provided to the three-stage matrix
associated inverter stopover unequal. Act such as it may,
beyond applying the regulation remuneration plot, the
power infused to the matrix stopover still adjusted, as
appeared inside Fig. 12. Inside expansion, beyond looking
at the all out power removed against the PV boards through
the all out power infused to the matrix, it safeguard act
seen such ready remain no additional power misfortune

brought about beyond

conspire.
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Fig 12 Power injected to the grid through modulation
compensation.

Fig. Thirteen shows the output voltages (vjN) of the 3-
phase inverter. Due to the injected O collection thing, they
act peculiar after t = 0.Eight s, which over assist to
equilibrium the grid cutting-edge shown inside Fig. 14.
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Fig_ 13 Three-phase inverter output Vig waveforms
through modulation compensation.
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.Pig. 14 Three-phase grid current waveforms through
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VI. CONCLUSION

In this paper, a particular cascaded H-bridge multilevel
inverter for grid-associated PV applications has been
displayed. The multilevel inverter topology desire improve
the usage of associated PV modules if the voltages of the
different dc links obtain controlled autonomously. Hence, a
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conveyed MPPT control conspires for both single-and
three-stage PV systems has been connected to expand the
general effectiveness of PV systems. For the three-stage
grid-associated PV system, PV befuddles might present
unequal provided power, bringing about uneven infused
grid current. Modulation compensation conspire, which
over expand the unpredictability of the control scheme or
cause additional power misfortune, endure added to adjust
the grid current. A measured 3-stage seven-level cascaded
H-bridge inverter has been worked latest the lab and tried
among PV panels under various fractional shading
conditions. among the prospective control conspire,
exclusive PV module receptacle act worked at its own
MPP to augment the solar energy extraction, and the three-
stage grid current endure offset even among the
unbalanced provided solar power.
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