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ABSTRACT 

Energy is essential for the economic growth and social development of any country. The quality of life is closely 

related to energy consumption, which has continuously increased over the last few decades in developing 

countries. The design of a hybrid electric power generation system utilizing both wind and solar energy for 

remote area is today’s need. Wind power is the conversion of wind energy into a useful form of energy. Wind 

power, as an alternative to fossil fuels, is plentiful, renewable, widely distributed, clean, produces no 

greenhouse gas emissions during operation and uses little land. The effects on the environment are generally 

less problematic than those from other power source. The solar energy is available throughout year and it is 

free and clean sources of energy. The solar PV cells absorb the radiation of sun and converting it into the 

electrical power. The wind mill is capable to extracted energy in day and night time while the solar PV cell is 

capable to extracted the power only during day hours. The combination of this hybrid system will be beneficial 

in future aspects. 
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I.INTRODUCTION 

Renewable energy researches, particularly wind and solar have been gaining popularity and recognized as 

potential sources for clean, inexhaustible and free energies. The concept of on-site renewable energy generation 

is to extract energy from renewable sources close to the populated area where energy is required. In the modern 

era, on-site energy extraction from renewable energy sources in urban settings is regarded as the next step in the 

process of reducing dependencies on the usage of conventional power generation using fossil fuels. A hybrid 

system consisting of wind and solar renewable energy sources is more beneficial than a system that only 

depends on one source of energy. Also, the power supply from a hybrid system is more stable and reliable. In 

addition, optimization of hybrid renewable energy system is crucial for researchers to maximize the energy 

output from the system with the lowest cost and highest reliability. 
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These advantages are depending on the climatic pattern and distribution of wind and solar energy resources. The 

benefits include: 

• Supplying load demand under varying weather conditions. 

• Overall costs for self-powered systems may be reduced drastically. 

• High reliability without backup power sources. 

 

Traditional methods of extracting power from the wind in urban areas using wind turbine alone is not efficient 

due to the uncertainty of wind speed and the turbulence generated from the surrounding buildings. Therefore, 

requiring methods such as increasing the oncoming wind speed before it interacts with the turbine blades. 

Moreover, for a wind turbine to be used in an urban area, issues such as the structural strength of the wind 

turbines, failures of blades, acoustic pollution (due to large wind turbine blades) and electromagnetic 

interference should be addressed. Due to the advantages of a hybrid system and to further improve the 

performance of small wind turbines, this paper presents the urban Eco-Greenergy hybrid wind-solar energy 

generation system. The design of the system is adopted from the larger building integrated omni- direction-

guide-vane (ODGV). The ODGV was originally designed to be installed on top of a high-rise building, 

shrouding a vertical axis wind turbine (VAWT) that covers much of the roof area of the building. However, the 

large size of the system drew concerns on the structural, safety and vibration issues that would affect the 

building and its occupants. Furthermore, installing the system with this scale requires high capital and 

maintenance costs. Hence, this paper introduces a small scale Eco-Greenergy hybrid wind-solar system that 

employs the ODGV integrated with a VAWT and solar photovoltaic (PV) panel for on-site standalone energy 

generation. This minimizes the risks posed by the large scale system, and with reduced costs. 

A hybrid energy system usually consists of two or more energy generating sources together to provide increased 

system efficiency as well as greater balance in energy supply. Here hybrid solarwind generator is used in which 

photovoltaic (PV) converts a part of the solar insolation into the electricity while turbine converts a part of wind 

kinetic energy into electricity. Such systems are extensively useful for small community, farm, optical cable 

transmission, and railroad communication. They also serve as useful power generating sources for remote areas 

and troops on desert, islands and mobile facilities. With battery storage and inverter hybrid solarwind generators 

can provide continuous power supply throughout the day in the remotest locations. The generators may also be 

connected ongrid to put energy back into a local utility’s electrical grid and actually get paid for the excess 

energy produced. As lifespan of the PV modules and wind turbines are nearly equal, the hybrid system can last 

for a longer time with higher reliability. The initial cost of solar PVs and wind turbines are higher than the diesel 

engine generators of comparable size but the operating and maintenance costs are always lower. 

Wind power is a renewable energy source that has developed rapidly since the end of the 1970s. Wind turbines 

produce clean energy, don’t need any fuel transport that can hazardous to the environment. The sun, the wind 

and running water are all renewable energy sources, in contrast to coal, oil and gas, which depend on fossil fuels 

from mines or oil and gas fields. Modern wind turbines are efficient, reliable and produce power at reasonable 

cost. This has been achieved by an energy policy that has created a market for renewable energy and by research 

development. The technology in the wind turbines has developed in several ways. The control systems have 
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become cheaper and more advanced, new profiles for the rotor blades can extract more power from the wind, 

and new power electronic equipment makes it possible to use variable speed and to optimize the capacity of the 

turbines. 

 

1.1 Type of wind turbine 

Harvesting small amounts of wind energy, on a large volume of scale provides a significant contribution toward 

global renewable energy. The energy conversion process through commercially available small wind turbines 

includes blades that convert the wind energy into rotational mechanical energy on the shaft and an electric 

generator that is both simple in design and manufactured in small quantities by the wind turbine developer or 

retrofitted off-the-shelf general purpose machine. There are several different design concepts for wind turbines. 

One basic classified is Horizontal Axis Wind Turbines (HAWT) and Vertical Axis Wind turbines (VAWT).  

 

1.2 Vertical Axis Wind Turbine (VAWT) 

Vertical axis wind turbines are different from traditional wind turbines in that their main axis is perpendicular to 

the ground. Their configuration makes them ideal for both rural and urban settings and offers the owner an 

opportunity to offset the rising cost of electricity and to preserve the environment. Besides, they do not need the 

complicated head mechanisms of conventional horizontal axis turbines. VAWTs are not affected by the 

direction of the wind which is useful in areas where the wind changes direction frequently or quickly. VAWTs 

are better able to harvest turbulent air flow found around buildings and other obstacles. This situation is more 

common in areas where people live. VAWTs are ideal for both rural and urban applications including roof top 

installations.  

The generator or other devices can be installed at the ground level, making it simpler to install or maintain. 

VAWTs do not kill birds and wild life, it is because the slow moving and highly visible. VAWTs can be 

significantly less expensive to build. They produce less noise compare with horizontal ones. VAWTs are more 

aesthetically pleasing.  

Vertical axis wind turbines are a type of turbine where the main rotor shaft runs vertically. These turbines can 

rotate unidirectional even with bi-directional fluid flow. VAWT is mainly due to the advantages of this kind of 

machine over the horizontal axis type, such as their simple construction, the lack of necessity of over speed 

control, the acceptance of wind from any direction of the mechanical design limitations due to the control 

systems and the electric generators are set up statically on the ground. Generally, there have been two distinct 

types of vertical axis wind turbine that is the Darrieus and savonius types. For the Darrieus, there are three 

common blades that are Squirrel Cage Darrieus, H-Darrieus and Egg Beater Darrieus. 
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Fig 1. (a) Savonius wind turbine       (b) Darrieus wind turbine 

The machine is particularly suited to medium or low of wind speed which is inland area. The design of Egg 

Beater wind Darrieus wind turbine shown in figure 2 (b). Both designs have almost identical component.  

 

         Darrieus wind turbine                                                Savonius wind turbine 

Advantage 

- High speed with low torque machine     -    Slow rotating with high torque machine 

- Generally manual push therefore some -  Shaft of the generator can be placed nearer to                                

                                                             the ground 

- External power source to start turning - Starts at low wind speed as the starting torque                                                                                                       

                                                             is very low - Low- noise system 

- Generator can be placed on the ground -  Work with any wind direction 

- Easily integrated into buildings 

1.3 Savonius Turbine  

Savonius is a type of VAWT, which uses a rotor that was introduced by Finnish engineer S. J. Savonius in 1922. 

Savonius turbines are one of the simplest turbines. Aerodynamically, they are drag-type devices. In its simplest 

form it is essentially two cups or half drums fixed to a central shaft in opposing directions. Each cup or drum 

catches the wind and so turns the shaft, bringing the opposing cup or drum into a flow of the wind. This cup or 

drum then repeats the process, so causing the shaft to rotate further and completing a full rotation. 
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 This process continues all the time the wind blows and the turning of the shaft is used to drive a pump or a 

small generator. These types of windmills are also commonly used for wind speed instruments such as the 

anemometer. Modern Savonius machines have evolved into fluted bladed devices, which have a higher 

efficiency and less vibration than the older twin cup or drum machines. 

 

1.4 Principles of Savonius Rotor Wind Turbine  

Savonius turbines are one of the simplest turbines. Aerodynamically, they are drag-type devices, consisting of 

two blades (vertical – half cylinders). A two blades savonius wind turbine would look like an "S" letter shape in 

cross section as shown in Figure. The savonius wind turbine works due to the difference in forces exert on each 

blade. The lower blade (the concave half to the wind direction) caught the air wind and forces the blade to rotate 

around its central vertical shaft. Whereas, the upper blade (the convex half to wind direction) hits the blade and 

causes the air wind to be deflected sideway around it. 

 

 

 

Figure 2 Schematic drawing showing the drag forces exert on two blade Savonius. 

Because of the blades curvature, the blades experience less drag force when moving against the wind than the 

blades when moving with the wind. Hence, the half cylinder with concave side facing the wind will experience 

more drag force than the other cylinder, thus forcing the rotor to rotate. The differential drag causes the 

Savonius turbine to spin. For this reason, Savonius turbines extract much less of the wind's power than other 

similarly sized lift type turbines because much of the power that might be captured has used up pushing the 

convex half, so savonius wind turbine has a lower efficiency. 
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1.5 Main Principles of PV Systems  

A photovoltaic cell is rarely used in single set or individually, since it is unable to supply sufficient power and 

voltage of electronic device requirement. Due to this reason, it needs more set of photovoltaic cells be coupled 

together and to be connected parallel or in series for energy production, in order to achieve the higher power 

output and voltage as possible.  

A typical photovoltaic system is made of 36 individual 100 cm² silicon photovoltaic cells and auxiliary devices 

which are lead-acid batteries with a typical voltage of 12 V. This system has the capacity of producing more 

than 13V during cloudy days and can charge a 12 V battery. 

In order to utilise the system efficiently, it is required to understand that how does it works during various 

electrical loads connected in the system. As aforementioned, I-V curve is the most important key for the 

photovoltaic cell, it is reflecting the performance and characterises a photovoltaic cell. 

 

1.6 Advantages of PV Systems 

Photovoltaic modules can easily penetrate in remote areas since the electrical power that produce comes from a 

reliable, free from pollution and independent source, the sun. Photovoltaic systems can be economically 

feasible, since it can help in a large extent the viable growth of a region. Moreover they can produce electric 

current during cloudy days and the current that produced is a direct current (DC). Photovoltaic systems were 

manufactured in order to function in unfavourable conditions and it has a very small weight. It is possible 

installed on the ground, on the roofs of buildings or on any other location where sun light beams can reach on 

the photovoltaic cell surface easily. 

The principal advantages of PV systems are:  

 

i. A long life cycle since it can provide power for more than 20-25 years  

ii. Zero operation cost, because it does not consume fuel or materials.  

iii. Low variability of system efficiency and more reliable results.  

iv. Maintenance cost is low.  

v. No sound pollution in the period of operation.  

vi. Energy conservation.  

vii. Keep the environment clean and away from pollution of the CO2 emissions in atmosphere.  

 

II.FUTURE PROSPECTS 

The geographical location of India is ideal for tapping solar energy effectively. There is also enormous potential 

for harnessing electrical power from wind. Efficiency of pv cells can be increased for better harnessing of solar 

energy wind power being intermittent, interconnected groups of wind turbines over extended areas can be used 

to ensure a guaranteed minimum power research may be undertaken to reduce the installation cost of the hybrid 

system substantially. Establishing techniques for accurately predicting their output. Reliably integrating them 

with other conventional generating sources. 
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III.CONCLUSIONS 

Because of the somewhat complementary nature of the seasonal profile, the combination of wind and solar is 

better than each individually. It will get higher efficiency than individual systems. Vertical axis wind energy 

conversion systems are practical and potentially very contributive to the production of clean renewable 

electricity from the wind even under less than ideal sitting conditions. It is hoped that they may be constructed 

used high-strength, low- weight materials for deployment in more developed nations and settings or with very 

low tech local materials and local skills in less developed countries. 
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Abstract— Gestation is defined as a interval of time between thought and start. Estimation of gestational age is necessary in order to foretell the early 

date of delivery and screen the development of fetus during the three trimester of pregnancy. Comparison of gestational age is centered on size of 

quite a lot of fetal biometric parameters like gestational sac, bi-parietal diameter, femur size, belly circumference, head circumference for the period 

of the gestation period. In medical photo processing, ultrasound technique performs a major position for imaging organs for an obstetrician and 

gynecologist. Monitoring of those parameters is finished with human interplay. These methods are liable for a couple of subjective decisions which 

increase the inter-observer error. The foremost function of this work is to measure fetal biometric parameter for correct estimation of gestational age. 

An automated computer headquartered algorithm has been used to apply morphological operation in order to admire the desired parameter contour in 

the ultrasound picture, refine its shape and catch up on targeted irregularities, then properly measure its size, achieving premiere accuracy and 

reproducibility of measurements. Automation algorithm makes use of morphological operation, Hough transform and tracing ways. It has been found 

that, the proposed scheme, is competent to estimate the gestational age of the fetus with a prediction accuracy of ±2 days. 

Keywords-Hough transform analysis, morphological operation, Gestational Sac, Bi-parietal diameter, Head Circumference, Femur length, 

Filtration 

__________________________________________________*****_________________________________________________ 

I. Introduction 

The obstetric care has been enhanced with the 

development within the area of computer technology in the 

recent prior. Correct estimation of gestational age is desirable 

for monitoring and accessing the fetal progress. It additionally 

confirms health of the pregnancy particularly in patient with 

the historical past of bleeding/pain, principally in high danger 

pregnancies [1]. These estimations have also been anticipated 

to furnish useful understanding to take decisions in three 

trimesters of pregnancy. Fetal growth assessment by 

ultrasound analysis depends on correct estimation of Yolk Sac 

(YS), Gestational SAC (GS), Crown Rump size (CRL), Femur 

length (FL), Head Circumference (HC), abdominal 

Circumference (AC) and Biparietal Diameter (BPD). In first 

trimester evaluation of Gestational sac, Yolk sac, Crown rump 

size performs an major position in predicting the gestational 

age [1]. In second and 0.33 trimester extraction of Femur size, 

stomach Circumference, Biparietal diameter, Head 

circumference of fetus is finished to predict the gestation 

interval effectively. In implemented scheme extracted 

parameters incorporate GS, FL, BPD which can be used for 

the development of automated medical decision help approach 

(ACDSS) in obstetrics and gynecology. 

Comparison of gestational age is established on sufferer 

historic information and the bodily examination, maternal 

sensation of fetal action [5]. With the appearance of 

ultrasound, obstetrics examination has been made less 

complicated and accordingly noninvasive process has been 

used for extraction of fetal biometric parameter. For 

assessment of quite a lot of parameters, gynecologist first 

freeze the ultrasound picture of favored biometric parameter, 

consequently, opting for two elements on the boundaries of 

parameter by using utilising pleasure sticks or mild pens to 

measure its length. Accordingly output in phrases of length of 

parameter is displayed. This process involves more than one 

subjective decisions increasing the inter-observer error. 

Considering of tedious and time drinking nature of handbook 

measurement an automatic system is crucial which objectives 

to locate the contour segment of favored parameter 

thoroughly. 

Ultrasound pictures are the outcomes of reflection, 

refraction and deflection of ultrasound beams from quite a lot 

of forms of tissue with distinct acoustic impendence. 

Therefore these photos are characterized by using a couple of 

forms of perturbations: elimination of real structural echoes, 

displacement and distortion of echoes [8]. In addition, 

echography includes powerful presence of speckle and 

additive noise. It additionally include presence of different 

highly echogenic adjacent to the pinnacle contour and non-

uniform bone texture. In addition, the acoustic beam 

deflections on the bone surface explanations a transformation 

within the wave propagation direction, for this reason weak 

echoes are detected through transducer on the assumed 

attitude of reflection. These entire reasons make the analysis 

of ultrasound images more complex. Consequently 

computerized segmentation of those photographs is crucial. 
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METHOD AND MATERIAL  

The system float chart implemented to extract desired 

parameter for comparison of gestational age is detailed in 

figure 1. In the implemented scheme, distinction of an image 

is superior to modify the depth values of pixels. The fetal 

images are processed by using an expanded Gaussian filter 

followed by means of wiener filter to put off additive and 

speckle noise present in ultrasound photograph and the desired 

parameter are segmented utilizing world threes protecting 

system. Results obtained have proven that this segmentation 

scheme is able of segmenting the aspects with no trouble and 

locate and retain the sides for additional processing as a 

consequence, as a result of high depth, snapshot having 

colossal number of gaps is shaped. Morphological 

reconstruction is used to lessen the false region. Preferred 

parameter boundary is detected with morphological operation 

in case of BPD and GS, whilst detection of femur size is 

finished headquartered on Hough transform. Extraction of 

desired fetal biometric parameter estimates the gestation age 

with top-rated accuracy. 

A. Preprocessing 

As ultrasound photograph is outcomes of reflection, 

refraction and deflection of ultrasound beam from tissue 

interface of human body, the contrast of ultrasound image is 

more often than not low. For this reason in preprocessing 

stage, contrast enhancement manner is used. Enhancement is 

the system of manipulating an photo in order that the 

outcomes is more suitable than the original for specific utility 

[9]. Distinction of an image is enhanced to give a boost to the 

interpretability and to switch attributes of an picture. 

 
Figure 1: Process Flow Chart for Gestational Age Estimation 

The distinction can also be limited as a way to hinder 

amplifying noise gift in the snapshot. The distinction enhanced 

picture is extra filtered to suppress the speckle noise. An 

elevated Gaussian filter reported through the authors of their 

prior work has been used [4]. This despeckling eliminates the 

speckle and preserves the details at the edges. Further wiener 

filter is applied to get rid of the additive noise from the image. 

Mixture of Gaussian filter followed by using Wiener filter 

gives extra uniform results in further steps. The despeckled 

photos are segmented making use of international thresholding 

approach, awarded in [3]. 

B. Segmentation 

The worldwide thresholding system mentioned in the 

literature, segments the facets that lie just about each and 

every other established on intensity histogram of an picture. 

This procedure is applicable over the entire range when depth 

and history pixels are sufficiently particular. The target of 

thresholding is to minimize the natural error incurred in 

assigning pixels to 2 or extra classes. The threshold giving the 

great separation in the lessons in phrases of their intensity 

values viewed as a most reliable threshold. The method is 

finest within the sense that it maximizes between class-

variance, a good identified measure utilized in statistical 

discriminant evaluation. 

Binary photograph bought after thresholding suggests 

favored fetal biometric parameter and also significant number 

of false regions. Morphological operation is aimed toward 

finding the contour phase of parameter area whilst discarding 

the opposite foreground buildings. It is described as a 

instrument for extracting picture add-ons that are priceless in 

the illustration and outline of neighborhood shape such as 

boundaries, skeleton and the convex hull [3]. The boundary of 

set A, denoted by B(A) can also be obtained by means of first 

eroding A with the aid of B and then performing the set 

difference between A and its erosion, the place, B is 

structuring element, set A is long-established photograph. 

C. Extraction of Gestational Sac and Biparietal 

Diameter 

Number of false edges is placed in segmented image. Removal 

of false edges is based on expertise founded filtering [7][11]. 

Gestational sac and biparietal diameter are round in form. 

Probably ultrasound image is freezed when above mentioned 

parameter is at valuable phase. For that reason false edges that 

lies close the boundary of an photograph and which aren't 

round are must be removed [6]. 

Circularity of an object is located through utilizing 

eccentricity of an object. Eccentricity of round or elliptical 
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object lies within the range of 0 to 1. Gestational sac and 

biparietal diameter are virtually round in shape, nevertheless, 

eccentricity price of these object is practically 1. Accordingly 

algorithm is developed to generate the eccentricity price of 

each and every object present in snapshot. Object whose 

eccentric worth found out beneath zero.7 are eradicated. In 

this method GS and BPD boundaries estimated competently. 

D. Extraction of fetal femur length using Hough 

Transform  

Segmented image of femur length consist of large 

number of false edges. Hence knowledge based filtering is 

done to locate the boundaries or edges of desired parameter. 

Prior knowledge based filtering proves invalid in case of 

femur length. Hence in this case Hough transform is used. In 

Hough transform all pixels are candidate for linking and thus 

have to be accepted or eliminated based on predefined global 

properties. An approach has been developed based on whether 

set of pixels lie on curves of predefined shape. Once detected 

these curves form the edges or region boundaries of 

interest.The linear Hough transform algorithm uses a two-

dimensional array, called as an accumulator, to detect the 

existence of a line described by. 

The dimension of the accumulator equals the number of 

unknown parameters, i.E., two, considering that quantized 

values of r and θ in the pair (r, θ). For each pixel at (x, y) and 

its nearby, the Hough become algorithm determines if there's 

sufficient evidence of a straight line at that pixel. If that is so, 

it will calculate the parameters (r, θ) of that line, after which 

look for the accumulator's bin that the parameters fall into, and 

increment the value of that bin.[10] by discovering the 

containers with the highest values, most of the time by using 

looking for nearby maxima within the accumulator area, the 

without doubt traces may also be extracted. The easiest 

approach of discovering these peaks is by using applying some 

type of threshold, but different techniques may yield better 

results in unique instances; picking out which traces are 

located as well as how many. Considering the strains lower 

back do not include any length expertise, it's on the whole 

imperative, in the next move, to find which parts of the photo 

suit up with which lines. Additionally, due to imperfection 

blunders within the part detection step, there will more 

commonly be blunders in the accumulator house, which may 

make it non-trivial to search out the appropriate peaks, and for 

that reason the proper lines. 

The effect of the linear Hough change into is a two-

dimensional array (matrix) just like the accumulator one 

dimension of this matrix is the quantized attitude θ and the 

other dimension is the quantized distance r. Each and every 

detail of the matrix has a value equal to the quantity of facets 

or pixels which are put on the road represented via quantized 

parameters (r, θ). So the detail with the best price shows the 

straight line that is most represented within the enter 

photograph. 

Extraction of femur length is situated on the suggestion 

of strongest line in the emerged snapshot. Hough develop into 

matrix suggests the 2 or extra Hough-peaks considering the 

fact that of noise reward in scientific ultrasound photo. These 

hough-peaks represent the end facets of certainly straight 

traces which regarded in output image. Norm of each line is 

calculated with a view to detect the perimeters of femur 

length. Line whose norm is calculated as a optimistic integer 

worth is considered to be the strongest line. 

III. EXPERIMENTAL RESULT  

A. Data Acquisition  

The test snap shots are obtained from scanning 

procedure, particularly THI Siemens computing device with 

curvilinear probe with transducer frequency of 3-5 MHz. The 

fetal snap shots are got from 5 weeks of gestation. 

Quintessential care has been given to hold the form, 

dimension and grey degree distribution as it impact the 

sonography content of information. Handbook examination of 

fetal parameters involves using joystick or pen for its 

measurement. Care should be taken to position the joysticks as 

any variant within the preliminary placement of joystick will 

purpose the error in choice making and could result in false 

prediction. It is in general elaborate to position the joysticks at 

the right role due to the inferior nature of clinical ultrasound. 

In the automatic gestational age estimation procedure 

implemented on this paper, the medical ultrasound portraits to 

be analyzed are preprocessed to develop the brightness of an 

photo making use of an adaptive histogram equalization 

manner. Additional the speckling artifacts are removed 

making use of an multiplied Gaussian filter; extra wiener filter 

is applied to suppress the additive noise reward in an image. 

These comprise the evaluation of gestational sac within the 

first trimester and Femur size, head circumference, biparietal 

diameter in the later trimesters. Determine 3 shows normal 

image of favored fetal biometric parameters to be extracted. 

Determine four indicates distinction more desirable 

photograph through software of adaptive histogram 

equalization algorithm. Determine 5 suggests output photos of 

GS, BPD, and FL after utility of wiener filter. 



International Conference on Recent Trends in Engineering Science and Technology (ICRTEST 2017)                               ISSN: 2321-8169 

Volume: 5 Issue: 1(Special Issue 21-22 January 2017)                                                                                                                             118 - 123 

_______________________________________________________________________________________ 

121 
IJRITCC | January 2017, Available @ http://www.ijritcc.org                                                                 

_________________________________________________________________ 

 
Figure 2: (a) Original Image of Biparietal diameter (b) Original Image of 

Femur length (c) Original Image of Gestational sac 

 
 

(B) 

Figure 3:  (a) Contrast enhancement of BPD (b)  Contrast enhancement  of  

FL(c)  Contrast enhancement of  GS 
Desired features are segmented using global thresholding 

technique. Morphological approach is used for boundary 

detection and false edge removal of GS, BPD. Figure 5 and 

figure 6 shows binarised image, edge detection and extraction 

of GS and BPD respectively. 

 
Figure 4: (a) Wiener filtered image of BPD (b) Wiener filtered image of 

FL(c)  Wiener filtered image of GS 

 
Figure 5: (a) Binarised image obtained after thresholding (b) Edge detection 

using morphological operation (c)  Image obtained after false edge removal 

(d) Extraction of gestational sac 

 

 
 

Figure 6: (a) Binarised image obtained after thresholding (b) Edge detection 

using morphological operation (c)  Image obtained after false edge removal 

(d) Extraction of biparietal diameter 

 

Hough transform is used to notice the femur length with 

most beneficial accuracy and extraction of femur size is 

centered on proposal of strongest straight line whose finish 

co-ordinate pixel price is maximum. Straight line whose 

norm is observed to be constructive integer price is viewed 

to be the strongest line and represented within the red 

colour. Figure 7 shows facet detection of femur length by 

way of morphological strategy, Hough become matrix to 

become aware of the straight line gift in the image. 

 

 
Figure 7:(a) Edge detection using morphological operation (b) Hough 

transform matrix of Femur Length (c) Extraction of Femur 

Length 
Favored fetal biometric parameters i.E. GS, BPD, FL 

dimension measured on ultrasound desktop with the aid of 

radiologist is considered and when put next with outcome 

acquired from automated approach. 

In case of GS, biggest diameter is discovered because sac is 

just not certain circle. This greatest diameter is found out 

through finding the highest distance between two elements on 
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the boundary. This boundary is expressed as array of (x, y) 

coordinates of features on boundary. For this, one point on 

boundary and its distance with all different facets is viewed. 

Maximum distance between any two points is lower back. 

 

Out of 7 pictures, in 6 pix gestational sac is appropriately 

detected. Desk 1 shows assessment of automated and guide 

procedure of gestational sac at quite a lot of level of trimester 

and gestational age is expected. Error size of size will also be 

found out through following equation 

error% = 100 | Sman– Sauto/ Sman| (2) 

 

Where, Sman - size obtained by manual method 

Sauto - size obtained by automated 

method 

Figure 7:(a) Edge detection using morphological operation (b) Hough 

transform matrix of Femur Length (c) Extraction of Femur 

Length 

 

Preferred fetal biometric parameters i.E. GS, BPD, FL 

measurement measured on ultrasound computer through 

radiologist is viewed and compared with results acquired from 

automated approach. 

 

In case of GS, greatest diameter is discovered given that sac is 

not unique circle. This largest diameter is found out by using 

discovering the highest distance between two features on the 

boundary. This boundary is expressed as array of (x, y) 

coordinates of elements on boundary. For this, one factor on 

boundary and its distance with all other features is considered. 

Highest distance between any two points is lower back. 

 

Out of 7 pix, in 6 snap shots gestational sac is competently 

detected. Desk 1 suggests assessment of automated and 

manual process of gestational sac at more than a few level of 

trimester and gestational age is anticipated. Error 

measurement of dimension can also be learned by way of 

following equation 

error% = 100 | Sman– Sauto/ Sman| (2) 

 

Where, Sman - size obtained by manual method 

Sauto - size obtained by automated 

method 

 

 

 

 

 

 

TABLE 1: COMPARISON OF AUTOMATED AND 

MANUALGESTATIONAL SAC PARAMETER INFIRST 

TRIMESTER 

 
 

Fetal progress estimation within the later trimesters requires 

the estimation of bi-parietal diameter, femur length. In 

computerized process, the BPD is measured on a transverse 

axial component of the fetal head. The BPD is measured 

from the outer fringe of the nearer parietal bone to the inside 

fringe of the more distant parietal bone. In evaluation of 

femur length, Euclidian distance between the top (x, y) 

coordinate is measured. Then this distance is changed to cm. 

Out of seven graphics, in 6 pictures biparietal diameter is 

appropriately detected. Set of 5 pictures is received for femur 

length measurement. Evaluation of estimated and handbook 

measurements of BPD and FL is certain in desk 2 and 3. 

Error measurement may also be calculated utilizing eq 2. 
 

TABLE 2: COMPARISON OF AUTOMATED AND 

BIPARIETAL PARAMETER AT VARIOUS LEVEL OF 

GESTATION 
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TABLE 3: COMPARISON OF AUTOMATED AND MANUAL 

FEMUR LENGTH PARAMETER AT VARIOUS LEVEL OF 

GESTATION 

 
 

The BPD measures 1,82 cm on the end of 11th week. It 

grows approximately via 2 mm per day and reaches 5.Three 

cm on the finish of 21 weeks whereas the femur bone which 

has been measured at 1.0cm on the start of thirteenth week 

reaches 1.Seventy one cm on the end of 17th weeks. The 

experimental outcome received had been compared with the 

extremely sound examination record of a field with clear 

menstrual history index, bought from Dr Mahajan polyclinic. 

Parameters estimated utilizing the automatic segmentation 

algorithm provide an total accuracy of 87% 
IV. CONCLUSION 

This paper has offered an extended preprocessing and 

segmentation scheme for fetal biometric aspects segmentation 

from ultrasound pics. The morphological operation 

headquartered segmentation scheme has produced stable and 

reproducible results of GS and BPD with improved edges. 

Hough transform discover the femur length with highest 

accuracy. The accuracy of the gestational age prediction 

largely depends upon the estimated values and it has been 

shown that the gestational age can also be expected with an 

accuracy of ±2 days which is way much less compared to 

different ways. Therefore this proposed work is anticipated to 

help wellbeing care gurus in making choices without difficulty 

and provide more advantageous wellbeing care. 
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Abstract: 

Mobile IPv6 (MIPv6) allows a mobile node to talk directly to its peers while retaining the ability to move around and change the 

currently used IP address. This mode of operation is called Route Optimization (RO), as it allows the packets to transverse a shorter 

route than the default one through the Home Agent. In this paper we discussed  the binding concept behind the route optimization is 

possible between Mobile Node (MN) and the Correspondent Node (CN).  

 

Keywords:  Route Optimization (RO), Mobile Node (MN), Correspondent Node (CN), Binding Update (BU), Home Agent (HA). 

 

I. INTRODUCTION 

 

Mobile IP is based on the idea of providing mobility support on 

the top of existing IP infrastructure, without requiring any 

modifications to the routers, the applications or the stationary 

end hosts. One of the design goals in the mobile IP design was to 

make mobility possible without changing too much. This was 

especially important for Iv4, with its large installed base, but the 

same design goals were inherited by Mobile I Pv6. To 

understand Mobile IPv6, it is important to understand the MIPv6 

design view to the base IPv6 protocol and infrastructure. The 

most important base assumptions  can be expressed as follows: 

 

1) The routing prefixes available to a node are determined by 

its current location, and therefore the node must change its 

IP address as it moves. 

 

2) The routing infrastructure is assumed to generally deliver 

packets to their intended destination as identified by the 

destination address. 

 

In route optimization a correspondent node (CN),ie. a peer for a 

mobile node, leans a binding between the mobile node’s 

stationary home address and its current temporary care-of-

address. This binding is then used to modify the handling of 

outgoing packets. 

 

II. OVERVIEW OF MIPV6  

 

Mobile IPv6 uses a stable IP address, assigned to mobile nodes 

(home address).The home address is used for two reasons: First, 

to allow a mobile node to be reachable  by having stable entry in 

the DNS, and second, to hide the IP layer mobility from upper 

layers. Therefore in order for a node to be reachable at the right 

address, the address should be stable and should not change 

every time they move. Hence the need for the home address 

provided by Mobile IPv6. The home address is formed by 

appending an interface identifier to the prefix advertised on the 

home link. The mobile node is physically located on the home 

link or not, packets are forwarded to the home link. If the mobile 

node is not at its home link, its home agent is responsible for 

tunneling packets to the mobile node’s care-of-address (i.e., its 

real location).When a mobile node moves from its home link to a 

foreign link, it first forms a care-of-address based on the prefix 

of the foreign link. While changing the location of the mobile 

node, it informs its home agent of such movement by sending a 

Binding Update (BU) message. The binding update message is 

one of several Mobile IPv6 messages that are encoded as options 

in a new header called the mobility header.  

 

Binding Update (BU) Message: The binding update message 

contains the mobile node’s home address and its care-of-address 

.The home address is included in a new option called the home 

address option, and the care-of-address is included either in the 

source address in the IP header or in a new option called the 

alternate -care-of-address option. The purpose of the binding 

update is to inform the home agent of the mobile node’s current 

address (i.e , care-of-address).Therefore, the home agent needs 

to store this information in order to forward packets addressed to 

the mobile node’s home address. The home agent contains a 

binding cache , which contains all b indings for the mobile node 

it serves. Each entry in the binding cache stores a binding for 

one home address. When the home agent receives the binding 

update, it performs a number o f actions to validate the mes sage; 

if the binding update is accepted, the home agent searches its 

binding cache to see if an entry already exists for the mobile 

node’s home address. If an entry is found, the home agent 

updates that entry with the new information received in the 

binding update. 

 

Tunneling: Tunneling is required to ensure the transparency of 

the service provided by the home agent. This is needed to 

preserve the end-to-end nature of IP packets exchanged between 

the mobile node and correspondent nodes. Recall that routers 

must not modify the content of the source or destination 

addresses in the IP header, thereby preserving the integrity of the 

packet and allowing for end-to-end integrity checks (e.g., 

Authentication header).Furthermore, tunneling is essential to 

maintain the transparency for upper layers. 
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III. ROUTE OPTIMIZATION 

 

Route optimizat ion is about routing packets between a mobile 

node and a correspondent node, using the shortest path (as it is 

normally done between two communicating hosts relaying on 

normal routing). The mobile node is aware when packets are 

routed through the home agent when it receives tunneled packets 

address to its home address. 

 

            
Figure. 1 : Mobile IPv6 route optimization 

 

When a mobile node receives a packet tunneled from the home 

agent, it must decide whether route optimizat ion is needed. If so, 

the mobile node informs the correspondent node of its current 

location. This is done using the same binding update messages 

shown in fig.1. The correspondent node maintains a binding 

cache similar to the one maintained by the home agent. 

However, a binding update sent to a correspondent node must 

not set the H-K, or L-b its as they are only usable when 

communicat ing with the mobile node’s home agent. Route 

optimization as shown in fig.2 

 

binding update & binding ack.

IPV6 Packets Foreign Network

----------Mobile IPV6 Messages  
 

Figure. 2. Route optimization in MN and CN 

 

When a correspondent node receives a binding update from a 

mobile node, it creates a new entry in the binding cache or 

updates the existing one with the new location of the mobile 

node. Following this step, the correspondent node can 

communicate direct ly with the mobile node by sending packets 

to the mobile node’s care-of-address. The aim of the binding 

update is to achieve two goals: first, allow packets to be sent 

directly between the mobile and correspondent nodes without 

going through the home agent, and second, maintain ongoing 

connection in the meantime by allowing applicat ions to keep 

using the home address as a source address (in the mobile node) 

and destination address (in the correspondent node). 

IV.  SENDING ROUTE OPTIMIZED PACKETS TO 

 CORRESPONDENT NODES  

When the mobile node sends a binding update to a correspondent 

node, it needs to indicate the home address for which the binding 

is sent. The home address is included in the home address option 

which is included in the destination options extension header. 

After accepting the binding update, the mobile node’s home 

address is stored in the correspondent node’s binding cache with 

the rest of the contents of the binding update. If the A flag is set 

in the binding update the correspondent node sends a binding 

acknowledgement to the mobile node. After receiving a binding 

acknowledgement, the mobile node updates its binding update 

list to include the informat ion sent in the binding update to the 

correspondent node. After Successfully installing a binding in 

the correspondent node’s binding cache, the mobile node uses 

the home address option in every packet sent that includes data 

from an application using the home address as a source and 

communicat ing with the correspondent node (destination). It is 

important to note that the mobile node includes the home address 

option only in packets sent directly to correspondent nodes (i.e. 

to which a binding update was sent and accepted). In order for 

the mobile nodes to know which correspondent nodes have a 

binding cache entry for the mobile node (and hence will accept 

the home address option), the mobile node checks the content of 

the binding update list before sending packets. The binding 

update list contains an entry for each correspondent node’s 

address. Each entry contains the details of the binding update 

sent to the correspondent node: the lifet ime, sequence number, 

home address, and correspondent node’s address , which used as 

a search key for each entry. The binding update list contains a 

flag, set by the mobile node, to indicate whether a mobile node 

should attempt route optimizat ion with a particular 

correspondent node in the future. 

 

IPV6 Header
Src: Home address
Dst: CN address

IPV6 Header
Src: Home address
Dst: CN address

Application data
Application data Application data

Dst Opt Header
Care of address

IPV6 Header
Src: Care of address
Dst: CN address

Dst Opt Header
Home address

a) Original Packet b) Home address
    option added

c) Final Packet to be
    sent  

Figure.3. Adding the home address before sending a packet 

 

When the packet is ready to be sent, the content of the home 

address option is swapped with the source address field Hence, 

the packet leaving the mobile node will contain the care-of-

address in the source address field and the home address option 

in the destination options extension header. When the packet is 

received by the correspondent node, same operations are done in 

the reverse order. Hence, the packet seen by upper layers in the 

correspondent node will look like the original packet. 

V. RECEIVING ROUTE OPTIMIZED PACKETS FROM 

CORRESPONDENT NODES  

 

When a correspondent node sends a packets to a mobile node for 

which it has a binding cache entry, it must include a new routing 

header (with a type field set to 2) when receiving the packet, the 

mobile node processes the routing header. This result in 
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replacing the destination address in the packet (care-of-address) 

with the address in the routing header (home address). Since this 

address also belongs to the mobile node, the mobile node is 

essentially forwarding the packet to itself. Following this step 

the packet is passed to upper layers with the mobile node’s home 

address in the destination address field, hiding the address 

change from upper layers. 

 

VI. ACKNOWLEDGING BINDING UPDATES S ENT TO 

CORRESPONDENT NODES  

 

The process of route optimization involves three distinct 

steps: 

 

1. detecting that packet are tunneled by the home agent. 

2. Sending a binding update to the correspondent node. 

3. Sending packet directly to the correspondent node and 

including the home address option in those packets. The final 

step can only be done after the binding update is received and 

processed by the correspondent node. If the mobile sends 

packets directly to correspondent nodes, including the home 

address option, when the correspondent node has not accepted 

the binding update, the correspondent node discard them. This 

act causes packets to be lost and consequently disturbs 

communicat ion. Hence, the mobile node needs to ensure that the 

binding update was received and accepted by the correspondent 

node before routing packets directly to the correspondent node’s 

address. To ensure the acceptance of the binding update, the 

mobile node can request an acknowledgment by setting the A 

flag in the binding update. If the binding is accepted, the 

correspondent node responds with a binding acknowledgment 

containing the appropriate status. After receiving the binding 

acknowledgment, the mobile node can be sure that the 

correspondent node will accept packets containing the home 

address option. 

 

VII. CONCLUS ION 

 

In this paper we have discussed the route optimization of the 

Mobile IPv6.For the route optimization we use the binding 

update message from mobile node to correspondent node and the 

other binding acknowledgment message from the correspondent 

node to the mobile node. 
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Abstract—Orientation of building plays very important 

role in energy efficienncy of building. Proper orientaion 

of building depends on the location of building with 

respect to latitude and longitude. With orientation to 

design energy efficient building natural air flow is also 

important in naturally ventiilated building. Paper 

discussed the optimum orientation required for Nagpur 

city in central india. Result are valid for area nearby 

nagpur region. Simulation study was done on model 

having having generalise length to width ratio. Simulation 

result define the best orientation analgle of building as 

per the thermal load calculation.  

Keywords— Orientation, Simulation, Nagpur, India, 

Solar Radiation. 

I. INTRODUCTION 

Building are largest energy consumption sector in the 

world. Design of energy efficient building is the need 

to reduce the CO2 emission in atmosphere. Proper 

orientation of building is one of the key factor in 

design of energy efficient building. Air conditioned 

building having maximum facia exposed to solar 

radiation consumes maximum load for cooling the 

rooms. With provision of sunshade and proper building 

material, energy consuption of building can be 

reduced. On different parts of india as per the latitude, 

longitude and altitude of location, solar radiation is 

different. Hence the study of orientation performed on  

other far region can not be used as guideline. With the 

help of simulation software, building can be model in 

computer and energy consumption for various 

orientation can be calculated.  

In summer solar radiation is highest in month of may. 

To avoid over heating of wall orientation of building 

should be such that minimum area is exposed to 

radiation. When it is not possible to orient building in 

optimum angle, shading or proper room location 

should be defined in planning to avoid over heating of 

habitable area. Sanctioning authority should ask for 

proper orientation study of proposed sanctioned project 

if orientation options are possible.      

II. LITRATURE REVIEW 

Nedhal Ahmed M. Al-Tamimi, Sharifah Fairuz Syed 

Fadzil, " The Effects of Orientation, Ventilation, and 

Varied WWR on the Thermal Performance of 

Residential Rooms in the Tropics", paper discuss the 

importance of orientation in hot humid region of 

malaysia. An investigation was done on the effect of 

building orientation in view of varied area ratio of 

glazed window to wall , solar radiation absorptance of 

exterior wall and the effect of natural ventilation on the 

thermal performance for residential building in tropical 

region. Experimental investigation was done at Fajar 

Harapan building which is a postgraduate student 

residential building.  

 Kamyar Tolou Behbood, Mohammad Taleghani and 

Shahin Heidari, "Energy Efficient Architectural Design 

Strategies in Hot Dry Area of Iran: Kashan", diiscuss 

the importance of orientation in Hot dry area of Iran. It 

is required to incorporate natural climatic strategies to 

face hot harsh weather condition. Design stategies are 

examined such as , selection of the area, orientation , 

building envelop, building form and distance between 

buildings.  

National Building code of India 2005, provide 

guidance related to solar intensity at various location in 

india. India is divided into 5 climatic zone as per the 

previous climate study. Code provides the climatic map 

of India. Total Solar radiation incident on various 

surface of building is summer and winter is provide in 

code. Code discuss the various climatic factors which 

influence the orientation of building. 

III. RESEARCH OBJECTIVE AND 

METHODOLOGY 

Research objective is to assess the impact of building 

orientation on building energy consumption. Nagpur 

was selected as location for study which is at center of 

india.  

Methodology of  the research is to model the room of 

size 4x10m in ecotech software. Following simulation 
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parameters are consider for modelling in Autodesk 

Ecotech software. 

Location  – Nagpur 

Latitude  – 21.1
o
  

Longitude  – 79.1
o
  

Altitude  –  310 m (Elevation from MSL) 

Climate Zone - Hot Dry 

Min. Comfort Temperature  – 22
0
 C  

Max Comfort Temperature  – 28
0
 C  

Lighting Level - 300 Lux(Depend on Room type) 

Weather File - American Society of Heating, 

Refrigerating and Air-Conditioning Engineers 

(ASHRAE), Inc., Atlanta, GA, USA.  (www.ashrae.org 

) For India  

Room Size – 6 x 12 m (L/B ratio = 2) 

Floor Height – 3m 

Internal Design Condition 

Clothing  - Trousers and Shirts - 0.6 col 

Humidity     - 60 % 

Air Speed  - Pleasant Breeze  - 0.5 m/s 

Light level    - 300 lux  

Occupancy 

No. of People     - Five 

persons (normal home works ; 24 hours occupancy) 

Activity - Sedentary  - 70 W 

Internal Gains 

Sensible Gains    - 5 W/m2 

Latent Gains    - 2 W/m2 

Infiltration Rate 

Air Infiltration  - well sealed - 0.5  

Wind sensitivity- Reasonably protected- 0..25 

Outside heat transfer coefficient: 22.7 W/m2-K 

Wall Material – Red brick wall palstered on both 

face 

Thickness    =230 mm 

U-values (U: W/m²K)   = 2.101  

specific admittance (Y: W/m²K)  = 4.38 

solar absorption (Abs: 0-1) = 0.418 

Thermal lag (Lag: hrs)  = 4 hr 

Roofing – RCC Slab with integral plaster at top 

Thickness    =125 mm 

U-values (U: W/m²K)   = 2.97 

specific admittance (Y: W/m²K)  = 2.3 

solar absorption (Abs: 0-1) = 0.9 

thermal lag (Lag: hrs)  = 7 hr  

Simulation months –Complete Year 

Simulation Time – 10:00  to 17:00 hr 

Zone: Dwelling 

Total Surface Area: 252.000 m2 

Floor Area: 72.000 m2 

Volume: 216.002 m3 

Surface Area/Volume = 3.5 

Analysis was done for heating and cooling load 

calculation. In Central India region it is found that 

peoples are not using heater for comfort, hence 

calculation can be done for cooling comfort. In 

Ecotech simulation software Solar Access analysis was 

performed. Direction of building was set from 

North(0
0
),East(90

0
),South(180

0
) and West(270

0
) with 

increment of 15
0
 each.  

IV. RESULT AND DISCUSSION 

A. Modeling 

For the plan of size 6m x 12m, as per the parameters 

defined above, heating and cooling loads are calculated 

for angle 0, 15, 30, 45, 60, 75, 90, 105, 120, 135 

Degree orientation. While orientation software rotate 

the North direction by the orientation angle, keeping 

the building at same loacation. Basic building is 

planned in such that on east and west side exposure 

(Width) surface is less. East side surface area of 

building is less then North side surface. 

 
Fig1: Annular Sun path for 0 Degree Orientation 

 
Fig2: Annular Sun path for 90 Degree Orientation 
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Following is the results of Simulation of monthly load 

of 0 and 90 degree 

 
Fig3: Monthly Heating/ Cooling Load for 0 Degree 

Orientation 

 
Fig4: Monthly Heating/ Cooling Load for 90 Degree 

Orientation 

Following table shows the heating and cooling load for 

change in orientation. For every orientation angle 

simulation process was run and total load is calculated. 

TABLE I :  AVERAGE COOLING AND HEATING LOAD 

Orientation 

Degree 

Heating 

Load 

(kWh) 

Cooling 

Load 

(kWh) 

Total 

Load 

(kWh) 

0 683.24 14643.15 15326.39 

15 680.44 14736.82 15417.25 

30 682.46 14831.51 15513.97 

45 684.30 14916.99 15601.29 

60 684.29 14934.84 15619.14 

75 685.34 14934.11 15619.45 

90 688.15 14904.44 15592.59 

105 690.63 14876.47 15567.09 

120 694.58 14840.48 15535.06 

135 694.60 14757.76 15452.36 

150 689.38 14696.38 15385.76 

165 684.34 14635.16 15319.50 

180 683.24 14643.15 15326.39 

As per the load calulation graphs are prepared for 

heating load and orientation angle.  

 
Fig5: Heating load in kW/m2 for various orientation 

angles 

 

Fig6: Cooling and Total load in kW/m2 for various 

orientation angles. 

V. CONCLUSION 

As per the annual Cooling and total load calulation 

graphs, cooling load  was maximum when orientation 

angle is 60 degree. Maximum cooling load is 14934.84 

kWh . Minimum Cooling load is 14643.15 kWh which 

is at 0 degree orientation. South and north facing walls 

are easier to shade than east and west walls. Hence 

optimum orientation should be at zero degree 

orientation. An east-west orientation (i.e. longer axis 

along the east-west), should be preferred for central 

India location. 

VI. LIMITATION AND FURTHER 

RESEARCH 

Study was conducted on single story building with roof 

exposed to sun and length to width ratio 2. Same study 

can be done on various proportion of length to width 

ratio. Location of building will affect the solar 

radiation intensity, hence study can be done for various 

location in india.  
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ABSTRACT 

This paper presents an optimal design with improved algorithm for optimal sizing of the standalone wind-battery 
power generation system, reporting minimum total cost of the system with satisfying the requirement of power supply 
reliability. The adopted method is found to be superior over earlier traditional methods. The energy storage system using a 
kinetic battery model may act as a source or a load according to the wind power output and loading conditions. Battery 
lifetime decides the lifetime of the system. The method proposed increase the lifetime of the system considering all the 
battery constraints. 
 
Keywords: wind-battery power system, optimal sizing method, power supply reliability. 
 
1. INTRODUCTION 

Generation of power from renewable is now a 
day’s more in practice. Renewable energy does not count 
any environmental pollution and fuel cost. Various 
resources such as wind, photovoltaic (PV), hydro are used 
for electricity generation today. Energy crises and 
environmental problems faced by the mankind today has 
given rise to the distributed generation (DG) based on 
renewable [1]. Remote areas and isolated regions are 
getting benefited by the use of renewable today. Grid 
electricity is unable to reach these areas hence many small 
scale projects related to renewable are going on in the 
country to satisfy the needs of people regarding electricity 
[2]. However, these sources are uncertain in their nature 
and their outputs are fluctuant. To overcome this we need 
large capacity energy storage systems while in stand-alone 
mode. We need to design the system optimally [3], thus 
sizing the system will not only reduce the cost of the 
system but it will also improve its power supply reliability. 
Many single and multi-objective optimal sizing methods 
are used for stand-alone hybrid power generation system. 
Minimizing the system cost, with acquiring power supply 
reliability is the main object for optimization in single-
objective optimal sizing method. Many methods such as 
enumerative methods, linear methods, iterative algorithms 
or genetic algorithms are used in optimization process [4]. 
Obtaining the optimal size by minimizing the system cost 
and satisfying the requirement of power system reliability 
is a traditional method and some of the factors are not 
considered in these traditional methods 

a) Battery’s charge /discharge current, rate, cycles 
as they can affect the lifetime of the battery [4]. 

b) Full utilization of the characteristics of wind 
and battery [6]. 

This work will try to include these factors and 
acquire reasonable model working in stand-alone mode. 
Battery parameters and wind power generation will be 
focused equally in the optimization process of this optimal 
sizing algorithm, unlike traditional method which focuses 
only on the system cost and the power supply reliability 
[5]. 

The organization of paper is as follows, II. Wind-
Battery Model III. Energy Management Strategy IV. 
Optimal Sizing Methodology of the System V. conclusion 
 
2. THE WIND-BATTERY SYSTEM MODEL 

A small wind-battery system is shown in Figure-
1. The wind turbine and battery-bank are coupled to the 
DC bus and further mathematical models of each 
component are explained, 

i) Wind power generation model [4] [13]: The 
output power curve of a wind turbine is as shown in 
Figure-2 and it is described as 

_
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Where wv is wind speed, rV is the rated speed, ciV is the 

cut-in speed, coV is the cut-out speed and _wt rP is the rated 

output power of the wind turbine. 
 

ii) Battery model: The proposed model is based 
on the concept of the battery given by Manwell and 
McGowan. The concept  
 

 
 

Figure-1. Small wind-battery system. 
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explains the battery as a two tank system based on 
electrochemical kinetics. One tank contains the energy 
readily available i.e. available energy’ and the other tank 
contain ‘bound energy’ i.e. Energy which is chemically 
bound and will not be readily available for use. Figure-3 
well explains the outline of the battery model. The 
maximum capacity of the battery is the total amount of 
energy the two tanks of the battery can contain [7]. The 
maximum battery capacity is denoted by Qmax . Q1 and Q2 
are the available and bound energy, therefore 
 
Q = Q1 + Q2                                     (2) 
 

Q1 and Q2 denotes the energies at the beginning 
and similarly the energies at the end are given using the 
parameters (c) is the capacity ratio, (k) is the rate constant, 
Pbs is the power in or out of the battery bank and Δt is the 
time step. The end energies are denoted by Q1_end and 
Q2_end [7].  

Maximum charge and discharge power is also 
derived from the parameters listed above. The batteries 
terminal voltage Vbs is expressed as under [4]. 
 
Vbs = Ebs – IdchR0     (3) 
 
Where,   R0 = internal resistance 
 
Idch = discharge current 
Ebs = effective internal voltage 
 
3. ENERGY MANAGEMENT STRATEGY 

In a stand-alone mode when power generated by 
the wind turbine is less than the load demand, the battery 
will be discharged. The power flow is expressed as 
 

_( ) ( ) ( ) (4)L wt bs dchP t P t P t 
 

 
And if total power generated is more than the 

load demand, the battery will be charged by excess power 
 

_( ) ( ) ( ) (5)L wt bs chP t P t P t 
 

Where ( )LP t , ( )wtP t  are demand power of load and 

output power of wind turbine and _ ( )bs dchP t , 

_ ( )bs chP t are discharge and charge power of battery. 

 
4. OPTIMAL SIZING METHODOLOGY 
 
A.  Evaluation indices for the proposed method 

 

 
 

Figure-2. Output power curve of wind turbine. 
 

a) Power supply reliability: The loss of power 
supply probability (LPSP) of the load evaluates the power 
supply reliability of the system and is given by  
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Here t1 ~ tN is the operating time of the system. 

The operating time here is 8760 hours (N=8760) 
and the daily operating time is 24 hours. LPSP should be 
very small, if LPSP = 1 then load is not satisfied but if 
LPSP = 0 then load is satisfied [8]. 
 

b) Total cost of the system: The stand alone 
system includes following costs. I. initial investment cost 
II. Operation and maintenance cost III. Replacement cost 
[9]. 
 
a. The initial investment cost of the DG is given by Ci.  
 

( ) (7)i wt wt bs bs crC N C N C f 
 

 

Here wtN , bsN are the number of wind turbines 

and wtC , bsC are the prices of wind turbine and battery, 

crf is the capital recovery factor used to calculate the 

present value and it is defined as  
 

(1 )
(8)

(1 ) 1

p

p

L

cr L

r r
f

r




   
 

Where p
L is the project lifetime and r is the real interest 

rate. 
 
b. Operation and maintenance cost of the DG is given  

    as OMC . 

 

_ _ (9)OM wt OM wt bs OM bsC C t C t 
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Where _wt OMC , _bs OMC are the operating and 

maintenance cost of wind turbine and battery per unit time 

and wtt ,  bst  are operating time of wind power generation 

and battery. 
 

 
 

Figure-3. Kinetic battery model concept. 
 

c. The replacement cost is given as RC  

The cost is considered only if the project lifetime 
exceeds the DG lifetime and is as given 

_ _ (10)R wt R bs RC C C   

 

Where _wt RC , _bs RC  are the replacement cost of wind 

turbine and battery respectively. 
 

The total cost ( AC ) of the system is given 

(11)A i OM RC C C C    

 
Government’s subsidy and credit is important and 

give more accurate results when considered. 
 
B. Constraints for the proposed method of  
     optimization 

i. Maximum installed capacity of DG: The 
capacity is constrained by the installed area. Usually, the 
interval between two wind turbines must be 6-10 times the 
rotor diameter in the direction of prevailing wind and 3-5 
times of the rotor diameter in the vertical direction of 
prevailing wind [4]. Thus the maximum number of 

installed wind turbines is given as wtN  for a region with 

area S1, length L, and width W. the equation is as given 
 

1 . 1 (12)
(6 10) (3 5)wt

L W
N

d d

   
         

 

d is the rotor diameter similarly the installed 
capacity for battery is given as  
 

2[ / ] (13)bs bsN S S

 2S is the area for installation of battery and bsS is 

the area of single battery required for installation. 
  

ii. Minimum installed capacity of DG: It is 
expected to minimize the battery’s charge/discharge cycles 
fully utilizing the renewable energy. The system is 
required to satisfy the average load demand [10]. When 

there is excess of wind generation load is satisfied and that 
excess energy is stored in the batteries and that batteries 
are supposed to satisfy loads at low and no wind 
conditions. Battery should guarantee the load to work at 
least  days. The minimum number of wind turbines and 
battery installed are determined by 
 

3 3

2 2

( ) / ( ) (14)
m m

m m

t t

wt L wt

t t

N P t dt P t dt    

max

.
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Where LdW ,  are the daily energy consumed by 

load and discharge efficiency of the battery, DOD is the 

depth of discharge of the battery and bsC ,  bsV  are the 

capacity and voltage of single battery.

  
iii. Operating reserve capacity of system: It is 

the surplus available source which is acquired when there 
is sudden increase in the load demand or unexpected 
decrease in power output. That will be expressed as 
follows 
 

 1 % (16)DG LP P   

 

DGP ,  , LP are the total output power of DG, operating 

reserve ratio and average power of load. 
 

iv. Battery charge and discharge constraints: 
Following constraints are taken into consideration during 
energy conversion in order to optimize the battery’s 
charge and discharge state. a) Battery state of charge 

(SOC) [13] b) charge and discharge rate ( ,ch dchr r ) c) 

charge and discharge current ( ,ch dchI I  ) d) charge and 

discharge power d) battery’s charge/discharge cycles 

( CN ). The constraints and their limits are as given below   

 

min max
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max max

_ _ max
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Where, 

 
_ _,ch R dch Rr r

, max max,ch dchI I
, maxCN

   can be obtained 
from the manufacturer. While rest limits can be calculated 
according to the battery’s model. If all these constraints 
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are satisfied then battery’s charge and discharge state is 
optimized increasing the battery’s lifetime. 
 

v. Performance constraints: In this method 
higher power supply reliability is achieved by using 
battery as energy storage. In this study minimizing the 
system cost is the final objective considering other factors 
as the constraints 

LPSP is used to characterize power supply 
reliability. LPSP need to satisfy  

(18)LLPSP   

 

Where L is the allowable LPSP of the load. 

 
C. Objective function 

Minimizing the total cost is the objective and it is 
expressed as 

min min( ) (19)i OM Rf C C C    

Equation (19) is universal if (18) is satisfied. 
 
D. Optimal sizing strategy in stand-alone mode 

LPSP can be calculated for every probable 
combination according to the output models of the system 
and battery’s charge and discharge constraints. The 
combinations with LPSP satisfying (18) are chosen. 

Program flowchart for the proposed optimal 
sizing method is as sown in Figure-6. Here we have 
assumed wind speed data and load data. 

The yearly data for each hour is considered for 
both wind speed and load demand. Figure-4 and Figure-5 
represents the respective data. The wind turbine and 
battery parameters are as listed in Table-1 and the 
respective values of the variables mentioned in different 
steps adopted in optimization is listed in Table-2. The 
flowchart represents the steps for optimal sizing of the 
wind-battery system. i and j represents the number of wind 
turbines and number of batteries. We consider some 
minimum and maximum number of wind turbines and 
battery and among them the best combination is chosen 
with less LPSP and minimum cost.    

For example suppose if we have to design a 
system for given particular region we acquire minimum 
wind turbines 3 and maximum WT 23 (difference 20) and 
minimum batteries 71 and maximum batteries 500 
(difference 429 ≈ 430) then the total no of combinations is 
430*20 which equals 8600 combinations. Now we have to 
choose best among these combinations. Considering all 
the data given above we get optimized results for these 
particular combinations and the best combination among 
them is then chosen. Optimized results are as shown in 
Table-3.

  
Table-1. Main parameters of Wind Turbine/Battery [4]. 

 

Wind Turbine Battery 

Rated power : 35kW Rated capacity : 600Ah 

Cut-in speed : 3m/s Rated voltage : 2V 

Cut-out speed : 25m/s Minimum state of charge : 35% 

Hub-height : 24m Round-tip efficiency : 85% 

Rated power wind speed : 11m/s 
Max charge/discharge rate : 0.5A/Ah, 

0.5A/Ah 

Rotor diameter : 19.2m Max charge/discharge current :100A/75A 

Survival wind-speed : 52.5m/s Self discharge rate : 1% 

Blade length : 9m 
Dimensions (length/ width/ height) : 

215mm/ 193mm/ 710mm 

Cost : 25000 $(average) Cost : 150 $(average) 

 
Table-2. Value of mentioned variables [4]. 

 

Given region Coefficients of battery 
Reference for 
performance 
constraints 

S1 
(m2) 

L 
(m) 

W 
(m) 

S2 

(m2) 
Qmax 

(Ah) 
c k L  

10000 500 200 1000 720 0.34 0.98 0.05 
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Figure-4. Assumed wind speed data. 
 

 
 

Figure-5. Assumed load demand. 
 

 
 

Figure-6. Optimal sizing algorithm. 
 

Table-3. Optimized results for stand-alone mode. 
 

Number of 
wind 

turbines 

Number of 
batteries 

LPSP 
Optimized 

cost ($) 

23 496 0.1274 649400 

 
 

Figure-7. O/P curve of wind power generation (WPG). 
 

 
 

Figure-8. SOC of the battery. 
 
4. CONCLUSIONS 
 The above optimal sizing algorithm is designed 
for multiple WT’s and batteries giving the best possible 
combinations among the given. The proposed system can 
benefit the industries where there is requirement of 
continuous power supply and chances of failure for 
example, Textile industries. This system can also prove 
beneficial to remote areas and areas prone to wind energy 
availability. According to the regional configurations the 
method can provide optimized results. Accurate and 
reasonable optimal sizing model is established. Battery’s 
state of charge, charge/discharge current/rates/cycles are 
considered thus optimizing battery states and increasing its 
lifetime. In future different storage devices can also be 
added and optimized results be obtained. Some results are 
shown to validate the proposed method. The proposed 
method is improved method than the traditional methods 
in practice as follows: 
 
a) The method gives a more accurate and optimal model 

considering the required installation area of DG and 
the reserve capacity of the system.  

b) In the stand-alone mode, the battery capacity is 
utilized to its full extent to satisfy the demand. 

c) All the battery constraints SOC, charge/discharge rate, 
charge/discharge cycle, charge/discharge current are 
considered thus helping to optimize the battery states 
of charge/discharge. We also get a prolonged battery 
lifetime.  
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Abstract 

To improve power quality with adequate solutions, it is necessary to know what kinds of disturbances occurred. A 

measurement system must be able to automatically detect, characterize or classify disturbances and for 

mitigation. This paper investigates mitigation techniques for voltage sag in on line conditions with different defined 

firing angles. The results of investigations are presented. The focused area is the online voltage sag mitigation is 

carried out on a tailor made experimental set up using the various topologies of SVC and booster transformer. The 

Comparative analysis and these devices are presented. In this paper introduces the various topologies for 

mitigation of voltage sag. Here the main objective is to mitigate the voltage sag in real time with the use of different 

topologies of static var compensators with various defined firing angles. Under the Static var Compensator various 

combinations of inductor, capacitor and triac are used and results are discussed and compared. For static var 

compensator and booster transformer, the comprehensive results are presented to assess the performance of each 

device to mitigate the voltage sag. The switching events like change of transformer taps, starting of induction motor 

are used to create the voltage sag. These events are controlled through FPGA based algorithm. 

Keywords – Static Var Compensator, Booster Transformer, Voltage sag, Fuzzy Logic, Firing Angle. 

Introduction 

 The rapid development of power 

electronics technology provides exciting 

opportunities to develop new power system 

equipment for better utilization of existing 

systems. FACTS devices can be effectively used 

for power flow control, voltage regulation and 

mitigation of oscillations. It is defined as “a 

power electronic based system and other static 

equipment that provide control of one or more 

AC transmission system parameters to enhance 

controllability and increase power transfer 

capability”. 

 Literature survey is useful to 

understand in the depth of knowledge of 

problem and for proper problem formulation. It 

shows that, research in the area of analysis of 

PQ disturbances has been increasing from last 

many years and it is still scope for innovations 

by developing new tools and techniques. Almost 

all of the articles presented have provided some 

new and relevant information.  

EXPERIMENTAL SETUP AND PROPOSED 

REAL TIME VOLTAGE SAG MITIGATION 

ALGORITHM  

 The online performances of mitigation 

techniques for voltage sag are studied in the 

laboratories through tailor made 

experimentation setup. Figure 1 shows the block 

diagram of experimental setup used for 

mitigation of voltage sag in the laboratory of 

proposed algorithm. The main components of 

the system are Single phase transformer - 2 

KVA, 230/230 V, having taps at every 10 volts 

on primary as well as secondary side, single  

 

phase induction motor used as source of voltage 

sag, Advantech data acquisition card (PCLD-

8710), FPGA based Controlled switching logic 

controller for creation of sag at various inception 

angles, Mitigation device like SVC, booster 

transformer etc. are as under. 

Firing angle controller scheme 

 Fuzzy logic controller is designed to 

achieve the firing angles for SVC such that it 

maintains voltage profile. In the decision-

making process, there is rule base that linking 

between input and output signal. Figure 2 and 3 

shows the input and output variables. When the 

error voltage (Vpu – Vbasepu) is small, firing 

angle is large.  

The rule bases used in this FL controller are: 

1. if (input1 is mf1) then (output1 is mf3) 

2. if (input1 is mf2) then (output1 is mf2) 

3. if (input1 is mf3) then (output1 is mf1 

 

Proposed SVC topologies and Booster 

Transformer 

 Various topologies of SVC are 

implemented in the laboratory to mitigate the 

voltage sag. It is a thyristor-controlled or 

thyristor-switched reactor, and/or thyristor-

switched capacitor or combination. The 

topologies used for experimental are shown in 

figure 4,5,6, and 7 respectively. The 1kVAr 

capacitor and triac BT-12 are used in the 

schemes. The single phase 120 VA, 230/12 volt 

transformer is used as a booster transformer. 
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To mitigate the voltage sag, the following steps 

are involved- 

i. Captured the one cycle of voltage signals of 

power quality disturbance such as voltage 

sag occurred due to any possible causes by 

using data acquisition system. 

ii. Detect voltage sag using RMS /Peak/ 

Fourier/Missing voltage/WNN method.  

iii. If voltage sag is detected, then calculate and 

change the firing angle using fuzzy control 

technique. 

iv. Repeat the steps i to iii continuously. 

RESULT AND DISCUSSIONS OF MITIGATION 

OF VOLTAGE SAG WITH VARIOUS FIRING 

ANGLE 

The performances of SVC and booster 

transformer are understood by implementing 

the various topologies in online condition. The 

performances of these devices are analyzed at 

various switching instants. The sag is created at 

defined instants like 00 , 450 , 900 ,1350 ,2250  

and 2700 . 

Switching instants is defined as instant through 

which a voltage signal is passing. The sag is 

created on the tailor made system using starting 

of induction motor, tap changing and sudden 

increase in load. For both Static Var 

Compensator and Booster Transformer 

developed for each method provide mitigation of 

the voltage sag. Due to space limitations, figure 

shown only anyone instance and in tabular form 

shows the various instance results. 

Performance of topology –I 

The performance of this topology is checked in 

real time by creating the sag using induction 

motor start and changing the tap position. The 

topology-I found useful in reduction of sag in 

depth and duration. Referring to figure 8[A] 

shows the voltage signal (p.u.) captured during 

the starting of induction motor. This motor is 

switched when voltage wave is passing through 

00 rising. This figure shows nature of sag when 

with and without compensation provided. From 

this figure, the lowest value of voltage after 

disturbance observed is 0.7363 p.u. and after 

compensation i.e. topology-I it improves to 

0.7488. Figure 8[B] shows the flag created when 

the sag has occurred. It is clear that, the 

duration of sag for without compensation 

technique is 14 cycles and reduces to 4 cycles 

when compensated. Figure 8[C] shows that the 

changes in the firing angle created by the fuzzy 

controller. Expanded view of voltage sag of figure 

8 is shown in the figure 9. First 20 samples of 

voltage sag for without and with compensation 

are plotted. In this figure it is found that the 

duration of sag reduces considerably. 

The performance of this topology during various 

switching instants is given in the table 1. 

Performance of topology –II 

In this topology, the controlling devices i.e. triac 

are connected in series with inductor. The 

lagging power is controlled through change of 

the current through inductor. Lot of challenges 

was faced for control of reactive power in this 

topology, as the current lags in inductive circuit. 

Figure 10[A] shows the voltage signal captured 

during the starting of induction motor. The 

motor is switched at 450 inception angle. From 

this figure, the lowest value of voltage after 

disturbance observed is 0.7539 p.u. and after 

compensation i.e. topology-I it improves to 

0.7578. From figure 10[B], measured duration of 

sag for without compensation is 12 cycles and 

reduces to 2 cycles when compensated. Figure 

10[C] shows that the changes in the firing angle 

created by the fuzzy controller. The performance 

of this topology during various switching 

instants is given in the table 2. Expanded view 

of this figure 10 is shown in the figure 11. In 

this figure it is found that the duration of sag 

reduces considerably.  

Performance of topology –III 

In this topology leading reactive power is 

controlled by insertion of triac in series with the 

capacitor. Here, again the sources of sag used 

are a) Start of induction motor b) Tap change of 

transformer. 

The results of sag created due to the induction 

motor starting is shown in figure 12. Result 

shown is for inception angle of 90 degrees. From 

figure 12[B], during the sag, the lowest value of 

voltage observed is 0.7333 p.u. and after 

compensation it improves to 0.738. Duration of 

sag improves by approximately 9 cycles. Figure 

12[C] shows that the changes in the firing angle 

created by the fuzzy controller. The expanded 

view is given in figure 13. The depth and 

duration obtained for various inception angles 

are tabulated in table 3. 

Performance of booster transformer   

The booster transformer is used for reduction of 

sag in this experiment. The experimental results 

for the sag crated due to induction motor start 

is shown in figure 14 and 15. It is observed that 

depth and duration of sag improves to 14% and 

79.1 %  respectively for switching instant of 135 

degrees. The depth and duration recorded for 

various switching instants are given table 4. 

Figure 14[B], it is clear that, the duration of sag 

for without compensation technique is 128 

cycles and reduces to 30 cycles when 

compensated. 
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Table 1: Performance of topology-I at defined switching instants 

Switching 

instant 

 

DEPTH OF SAG(Lowest value of 

voltage after disturbance) 

DURATION OF SAG 

WITHOUT 

COMPENSATION 

WITH 

COMPENSATION 

WITHOUT 

COMPENSATION 

WITH 

COMPENSATION 

0 0.7363 0.7488 13.93 3.9 

45 0.7345 0.7401 12.82 3.8 

90 0.7372 0.7587 12.99 3 

135 0.7493 0.7652 13 5 

180 0.7193 0.7322 12.91 2.9 

270 0.7312 0.7521 14.03 3.8 

 

Table 2: Performance of topology-II at defined switching instants 

(Source of sag- induction motor start) 

 

Inception 

Angle 

DEPTH OF SAG(Lowest value of 

voltage after disturbance) 
DURATION OF SAG 

WITHOUT 

COMPENSATION 

WITH 

COMPENSATION 

WITHOUT 

COMPENSATION 

WITH 

COMPENSATION 

0 0.7533 0.7807 11.94 2 

45 0.7539 0.7578 11.62 2 

90 0.7561 0.8031 11.6 2.8 

135 0.7474 0.7604 11.88 2.8 

180 0.7575 0.7865 12.95 1.9 

270 0.7506 0.7617 11.83 2.7 

 

Table 3: Performance of topology-III at defined switching instants 

 

FIRING 

ANGLE 

DEPTH OF SAG(Lowest value of 

voltage after disturbance) 
DURATION OF SAG 

WITHOUT 

COMPENSATION 

WITH 

COMPENSATION 

WITHOUT 

COMPENSATION 

WITH 

COMPENSATION 

0 0.7477 0.7671 12.76 3.6 

45 0.7477 0.7558 12.61 4.6 

90 0.7333 0.738 13.12 4.7 

135 0.7573 0.8094 12.58 3 

180 0.7427 0.7552 12.57 2.7 

270 0.74 0.7862 12.73 3.9 

 

Table 4: Performance of booster transformer at various inception angles 

 

FIRING 

ANGLE 

 

DEPTH OF SAG(Lowest value of 

voltage after disturbance) 
DURATION OF SAG 

WITHOUT 

COMPENSATION 

WITH 

COMPENSATION 

WITHOUT 

COMPENSATION 

WITH 

COMPENSATION 

0 0.6364 0.6636 42.75 4.6 

45 0.6526 0.6836 16.93 5 

90 0.6601 0.6661 18.87 8.8 

135 0.6491 0.6706 17.91 10 

180 0.6576 0.6751 17.02 7 

270 0.6582 0.6659 17.95 9.9 
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Figure 1: Block diagram of Experimental setup 

 

 
Figure 2: Input variable 

 

 
Figure 3: Output variable 

 

 
Figure 4: TSC Topology (topology-I) 

 
Figure 5: TCR-FC topology (Topology- II) 

 
Figure 6: Topology- III for SVC 

 

 
Figure 7: Booster transformer 

 
Figure 8: Online mitigation of voltage sag using topology 1 at 0° switching instant (starting of an 

induction motor) 
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Figure 9: Expanded view of voltage sag (due to induction motor Start) during with and without 

compensation, using topology 1 at 0° switching instant 
 

 
Figure 10: Online mitigation of voltage sag using topology-II at 45° switching instant (starting of an 

induction motor) 

 
Figure 11: Expanded view of voltage sag (due to induction motor Start) during with and without 

compensation, using topology-II at 45° switching instant 
 

 
Figure 12: Online mitigation of voltage sag using topology-III at 90° switching instant (starting of an 

induction motor)  
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Figure 13: Expanded view of voltage sag (due to induction motor Start) during with and without 

compensation, using topology-III at 90° switching instant 

 

 
Figure 14: Online mitigation of voltage sag using booster transformer at 135° switching instant 

(starting of an induction motor) 

 
Figure 15: Expanded view of voltage sag (due to induction motor Start) during with and without 

compensation, using booster transformer at 135° switching instant 

Conclusion 

 The power quality signatures or 

categories are defined with their cause and 

effects in this paper. The most important power 

quality signatures are the voltage sag, because it 

can occur on utility systems both at distribution 

voltages and transmission voltages. The detailed 

theoretical and experimental work is carried out 

for mitigation of voltage sag signature. 

 Online results are presented in this 

paper. The experimental work is carried out on 

the tailor made system for the mitigation of 

voltage sag. The voltage sag is created using 

various means like-starting of induction motor, 

tap changing of transformer. Mitigation of 

voltage sag is done in real time using the two 

devices i.e. Static var Compensator and booster 

transformer. The inception angles of switching 

of these devices are controlled through FPGA 

based controlling algorithm and different 

inceptions angles are provided in this paper.    

 Topology-III of SVC provides better 

control of reactive power to mitigate the sag. The 
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best result obtained for this topology in 

improvement of depth and duration of sag is 

13.485 %  and 41.1% respectively. In booster 

transformer, the best result obtained is 26.06 % 

in reduction in depth and 98% reduction in 

duration of sag.  
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ABSTRACT :-  Although building techniques and materials have evolved over thousands of years, construction is still a 

long, complex, and expensive process. Construction industry boom can be seen in almost all the developing countries. 

With the increase in material costs in the construction industry, there is a need to find more cost saving alternatives so 

as to maintain the cost of constructing houses at prices affordable to people. There is need to develop an alternative 

system of building component which would impart more benefits and are multifunctional with optimum use of labor and 

material. This project presents brief analysis of building for G+4 & G+7 by using Red brick, CLC block and AAC block with 

and without considering earthquake forces for zone III. Earthquake load calculation is also done for the structure in 

which earthquake forces are considered. Cost analysis is made by using Red brick, CLC & AAC block and overall modeling 

and analysis is done by using STAAD-Pro software to known the various bending moment and shear force acting on a 

building. By using AAC block and CLC block the overall cost of construction is reduce and it will be safe and economical in 

earthquake forces also.  

Keywords:  Affiliation fly ash, AAC brick, CLC brick. 

 

INTRODUCTION:- A building can be defined as an 

enclosed structure intended for human occupancy. 

However, a building includes the structure itself and 

nonstructural components (e.g., cladding, roofing, 

interior walls and ceilings, HVAC systems, electrical 

systems) permanently attached to and supported by 

the structure. The scope of the provisions provides 

recommended seismic design criteria for all buildings 

except detached one- and two-family dwellings located 

in zones of relatively low seismic activity and 

agricultural structures (e.g., barns and storage sheds) 

that are only intended to have incidental human 

occupancy. The provisions also specify seismic design 

criteria for nonstructural components in buildings that 

can be subjected to intense levels of ground shaking. 

The structure in high seismic areas may be susceptible 

and efficient to severe damage. Along with gravity load 

structure has to withstand to lateral load which can 

develop high stresses. Now a days, light weight 

structures system is also used to resist lateral load due 

to earthquake, wind etc. the light building reduces the 

self weight of the structure and hence the lateral load 

acting on the building is also reduced. Conventional 

construction utilizes structural members that depend 

on size for their strength. The greater the span for a 

structural member the larger it has to be to support to a 

given load. Lightweight construction does not derive its 

strength from their size and obtained from multiple 
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members that are in compression and in tension. And it 

also reduces the mass/ span ration. The light weight 

building materials are AAC bricks, rapid walls, fabric 

materials and other alternative material are also 

available in market. Autoclaved Aerated Concrete (AAC) 

is a certified green building material, which can be used 

for commercial, industrial and residential construction. 

It is porous, non-toxic, reusable, renewable and 

recyclable. AAC block are solid units they weigh about 

half a normal brick Makes productive use of recycled 

industrial waste (fly ash). Non-polluting manufacturing 

process, does not exude gases, total energy 

consumption for producing Biltech ACE is less than ½ 

of what it takes to produce other building material  

In this, system will compare R.C.C structure and light 
weight R.C.C structure by using alternative light weight 
building material (AAC, CLC bricks). Both the structures 
are of G+4 & G+7 commercial building with same grid 
and the building are located in same earthquake zones 
i.e. Zone III (IS-1893-2002) and live load on both the 
building is same as per IS-875 part 2. The parameter 
user has studied is to investigate the, 
1)  Bending moment, shear force, torsion, axial load  
2)  Cost of the building 
 3)  Construction time 
 4)  Earthquake loads  
5)  Carbon emission 
Detailed analysis and design of a building for different 
earthquake zones will be done by Computer aided 
analysis software i.e. (STAAD-pro) where cost 
estimation will be carried out using MS-Excel 
programming. From obtained results system will 
compare all the parameters between R.C.C structure 
and light weight R.C.C structure. 
ANALYSIS REPORT 
After applying all the loads acting on a building we will 
get the analysis values of bending moment in a beam 
and axial load on column. After knowing the analysis 
results user will finalize the section for beam and 
column. For sample finalization of the section of beam 
and column for their respective bending moments and 
axial load we take two frame i.e. Frame-F (for beam 
section) & Frame-2 (For column section) of Model-A & 
Model-F i.e. Frame-F is in X-direction & Frame-02 is in 
Z- direction as shown in figure no.6.1. 

 

Figure 1: PLAN 

MODEL – A (FRAME –F) 

 

Figure 2:  shows the beam number and node number 

for frame-F 
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Figure 4:  BENDING MOMENT GRAPH FOR  

              After the analysis process is done we get 
bending moment and axial load values and diagram as 
shown in figure 6.3.   
For example:- we take a beam no 35 for finalization on 
beam section. Figure 6.4 shows the maximum bending 
moments on beam 35 i,e B.M = 117 kn/m 
 
Sample calculation for beam:-  
FRAME -F  
 
THE MAXIMUM BENDING MOMENT IS = 117 KN/M 
ASSUME  width of beam (b) = 300mm 
Therefore,  

 d =  

   =  

 d  = 375 mm 
CLEAR COVER for beam = 20 mm 
D = 375+20 
D = 395 mm 
D = 450 mm 
            For B.M = 117 kn/m the beam section finalized is 
300 mm x 450mm.And same beam section is assign to 
beam35 in model processing. Refer the beam table in 
with for beam no. 35 the 6 no property is assign. And in 
section properties table property no.06 is Rect 0.3 x 
0.45 mm. Hence assign property is correct. And in 
similar manner all the beam section are calculated and 
assign to respective beam in the frame. 
 
MODEL-A (Frame -
02)

 
Figure 5:  BEAM & NODE NUMBER FOR FRAME -2 

 
Figure 6: B.M – S.F DIAGRAM FOR FRAME-2 



          International Research Journal of Engineering and Technology (IRJET)               e-ISSN: 2395-0056 

               Volume: 02 Issue: 04 | July-2015           www.irjet.net                                                      p-ISSN: 2395-0072 

 

© 2015, IRJET.NET- All Rights Reserved   Page 1344 
 

 
 
Figure 7: AXIAL LOAD ON NODE 170 
              After the analysis process is done we get 
bending moment and axial load values and diagram as 
shown in figure 6.6.   
For example:- we take a node no 170 for finalization on 
column section. Figure 6.7 shows the maximum axial 
load on column 170 i,e Pu = 4485  kn 
 
SAMPLE CALCULATION:-  
The axial load on the node 170 is, 
Pu= 4496 KN 
ASSUMING 1% OF STEEL 
Area of longitudinal reinforcement of column is 
ASC= 0.01 Ag 
Area of concrete is 
Ac= Ag-Asc 
    = Ag-0.015Ag 
    = 0.999 Ag 
Using clause   of IS -456:2000 
Pu = 0.4xFck x Ac+0.67 X Fy X Asc-0.4 X Fck X Asc 
4496X10^3 = 0.4 X 20 X 0.999Ag + 0.67x415x0.01Ag-
0.4x20x0.01Ag 
Ag= 419452.88  mm^2 
ASSUME  b= 500mm 
Ag = b X D 
 383546.71 = 500 X D 
D= 838.90 mm 
D= 850 mm 
            For axial load  = 4485 kn the column section 
finalized is 500 mm x 850mm.And same column section 
is assign to column 170 in model processing. Refer the 
beam table in with for beam no 170 the 2 no property is 
assign. And in section properties table property no.06 is 
Rect 0.5 x 0.85 mm. Hence assign property is correct. 
And in similar manner all the column section are 
calculated and assign to respective beam in the frame. 
AAC DYNAMIC (F-02) 

 

 

6 Figure 8: B.M – S.F DIAGRAM FOR FRAME-2 
6.2 RESULTS AND DISCUSSION 

6.3 6.2.1 BENDING MOMENTS FOR BEAM NO 35 

 

Figure 9: B.M FOR MODEL- A 

 

Figure 10: B.M FOR MODEL- B 
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Figure 11: B.M FOR MODEL- C 

 

Figure 12: B.M FOR MODEL- D(ENVALOPE) 

 

Figure 13: B.M FOR MODEL- E ENVALOPE) 

             
Figure 15: B.M FOR MODEL- F (ENVALOPE) 

 

Table 1: +VE & -VE BM VALUES FOR BEAM NO.35 

 

After getting the results of bending moment for beam 
no35, we observed that the Bending moment for model 
– A is 117 Kn/m and it reduces to 84.3 Kn/m for model-
B. From that we can say that as the material change i.e. 
RB changes by CLC brick bending   moment occur in 
beam is less as compare to RB and simultaneously the 
section required for model-B  is less than model-A.  
Similarly, the bending moment for model- C is also less 
i.e. 74..3 Kn/m which is less than model-A & model-B.  
Hence the section required for beam is also less.  For 
earthquake design also we observed the same think 
that is the bending moment for model-D is greater as 
compare to model-E & model-F. 
 

6.2.2 AXIAL LOAD FOR NODE 170  

 

Figure 16: AXIAL LOAD FOR MODEL-B 

 

 
Figure 17: AXIAL LOAD FOR MODEL -A 

 

  

 

MODEL A B C D E F 
+VE 
B.M 

117 84.3 79.1 218 180 176 

-VE BM 63.1 47 44.5 79.3 75.2 74.9 
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                            Figure 18: AXIAL LOAD FOR MODEL-C 

 
Figure 19: AXIAL LOAD FOR MODEL- D 

 

 
Figure 20: AXIAL LOAD FOR MODEL-E 

 

 

 

Figure 21: AXIAL LOAD FOR MODEL- F 

Table 2: AXIAL LOADS 

MODEL A B C D E F 

Pu 4510 3884 3791 4576 3869 3783 

 

After getting the results of axial load for node no 170, 
we observed that the axial load for model – A is 4510 
Kn and it reduces to 3884 Kn for model-B. From that 
results we can  say that as the material change i.e. RB 
changes by CLC brick the axial load occur in column  is 
less as compare to RB and simultaneously the section 
required for model-B  is less than model-A. Similarly, 
the axial load for model- C is also less i.e. 3791 Kn 
which is less than model -A & model-B.  Hence the 
section required for beam is also less.  For earthquake 

design also we observed the same think that is the 
bending moment for model-D is greater as compare to 
model-E & model-F. 
7.2 RESULTS & DISCUSSION:- 

 

GRAPH NO.1 :- QUANTITY OF CONCRETE FOR G+7 

 

GRAPH NO.2 :- QUANTITY OF CONCRETE FOR G+4 
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GRAPH NO.3 :- OVERALL COST FOR G+7 

 

 

GRAPH NO. 4 :- OVERALL COST FOR G+4 

 

 

GRAPH NO. 5 :- TOTAL FRAME COST FOR G+7 

 

 

GRAPH NO. 6 :- TOTAL FRAME COST FOR G+4 
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GRAPH NO. 7 :- OVERALL COST Rs/ M2  FOR G+7 

 

 

GRAPH NO. 8 :- OVERALL COST Rs/M2 FOR G+4 

 

 

GRAPH NO. 8  :-  FRAME COST Rs/M2 FOR G+7 

 

GRAPH NO. 9 :- FRAME COST Rs/M2 FOR G+4 

                    From the above graph we will observed that 

the overall cost for a building by using rb is greater as 

compare to the AAC & CLC brick. in AAC block there will 

be a 33% overall cost is reduced as compare to RB. And 

in CLC block the 25% overall is ccost is reduce as 

compare to the RB. 

                  By using AAC blocks & CLC blocks their will be 
a consumsion on concrete and steel as compare to RB. 
In AAc block 20% concrete and steel will be consumed 
than that of RB & in CLC block 25% of concrete and 
steel is consumed than that of RB. Hence there will be a 
less carbon emission in the environment.  
 Hence use of light weight block in a construction is 
economical and time saving.  
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CONCLUSION 

1. As per the observation of bending moment 
diagram,it is found that the bending moment in 
model B & C loaded with light weight material 
without earthquake load is reduced by 33.8% 
and 38 % as compare to model-A loaded with 
RB respectively. 

2. For model- E & F loaded with light weight 
material with earthquake load, Bending 
moment and shear force is also reduced as 
compare to model-D loaded with RB with 
earthquake load. 

3. As per IS standard 1893, part 1, 2002, 
earthquake load calculation using Red brick 
and light weight is done. It is observed that 
base shear  for Red brick is greater as compare 
to the light weight brick by 22.5 %. 

4. Total Cost of R.C.C frame loaded with Red brick 
is Rs.26291696.8 and for AAC block is 
Rs.20439279.62 which is less as compare to 
the Red brick.  

5. For G+4 R.C.C. Frame cost of Red Brick is 
Rs.3208/- Sqmtr and for AAC block cost is 
Rs.2921.18/ Sqmtr ,which is 9% less. 

6. For G+7 R.C.C Frame cost of red brick is Rs 
2900 / sqmtr and for AAC block cost is Rs. 
2601.2 /sqmtr, which is 10 % less. 

7. The cost of per mtr sqr of G+4 structure is 
more as compared to G+7 structure. 

8. Hence AAC block masonry was found to be 
economical as compared to conventional Red 
brick for static and Earth quake loading. 

9. Due to reduction of concrete consumption and 
steel consumption carbon foot prints are 
reduced. 

10. Due to less thermal conductivity of AAC block, 
internal environment of construction will be 
cool and will requires less energy for cooling 
and heating.As per the observation of bending 
moment diagram,it is found that the bending 
moment in model B & C loaded with light 

weight material without earthquake load  is 
reduced as compare to model-a loaded with 
RB. 

11. Similarly for model- E & F loaded with light 
weight material with earthquake load is also 
reduced as compare to model-D loaded with 
RB with earthquake load. 

 

LIMITATIONS 

           This project is limitated for the following:- 

1) Grade of concrete is M-20 and steel is Fe-415 

2) For earthquake zone-III 

3) For G+4 & G+7 building 

SCOPE OF FUTURE STUDY 

             In this project Comparative study of R.C.C 

structure for earthquake load using light weight 

building material for G+4 & G+7 in zone III by using M-

20 concrete & Fe-415 steel is done. This project can be 

used in future by changing floors of building, also 

change the zone of earthquake. And design is also done 

for building. 
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ABSTRACT  

Advance wireless sensor network (WSN) technology is Low- 

power electronics and Low-power radio frequency design has 

enabled the development of small, relatively inexpensive & low-

power sensor technology. The important challenges in design of 

network are two key resource1) Energy 2) Communication 

bandwidth. LEACH (Low Energy Adaptive Clustering 

Hierarchical) protocol are used to design energy efficient system 

depending upon energy levels of cluster head and cluster-

members .So appropriate energy protocol to get balance between 

lifetime of sensor nodes and latency become key solution. This 

paper basically a review on LEACH protocol for Wireless 

Sensor Nodes in Network Simulator (NS2) to reduce average 

latency and increases life of sensor nodes. 

Keywords 
LEACH protocol, Wireless Sensor Network , Energy Efficient 

1. INTRODUCTION 
With the recent technological advances of wireless sensor 

network, it is becoming an integral part of our lives. Wireless 

Sensor Networks hold the promise of delivering a smart 

communication paradigm which enables setting up an intelligent 

network capable of handling applications that evolve from user 

requirements.  

Wireless Sensor Network composed of large number of sensor 

nodes that are deployed in wide area with very low powered 

sensor nodes. It is self-configured, self-healing, self-optimization 

and self-protection capabilities, dense deployment. But, it severs 

limitation in energy capacity, computing power, memory and 

transmits power. The battery is an important component of the 

sensor so focus is on innovative energy-optimized solutions at 

all levels of the system hierarchy, from the physical layer and 

communication protocols up to the application layer. The sensor 

nodes can communicate among themselves using radio signals. 

Node is equipped with sensing and computing devices, radio 

transceivers and power components. [2] 

Wireless sensor networks (WSNs) enable new applications and 

require non-conventional paradigms for protocol design due to 

several constraints. Routing is the mechanism responsible for 

determining the path that a packet traverses from the source 

node to the destination node.  

Routing protocols in WSN can classify as Data centric protocol, 

Hierarchical protocol, Location Based protocol. Hierarchical 

routing efficiently involves proper energy consumption, data 

aggregation and fusion. LEACH [1] has been an inspiration for 

many hierarchical routing protocols. It provides several factors 

for reduction in energy dissipation compared to direct 

communication [2] 

2. LITRATURE REVIEW                                 
Weidi B. Heinzelman & Anantha P.Chandrakasan[1] in 2002 

have described, networking together hundreds or thousands of 

cheap sensor nodes allows users to accurately monitor a remote 

environment by intelligently combining the data from the 

individual nodes. These networks require robust wireless 

communication protocols that are energy efficient and provide 

low latency. In this paper, develop and analyze low-energy 

adaptive clustering hierarchy (LEACH), a protocol architecture 

for sensor networks that combines the ideas of energy-efficient 

cluster-based routing and media access together with 

application-specific data aggregation to achieve good 

performance in terms of system lifetime, latency, and 

application-perceived quality. 

Yuhua Liu &Yongfeng Zhao &Jingju Goa[2]in 2009 have 

described, analyses the cluster-heads generating algorithm 

among LEACH and presents improved approach that adjusting 

the nodes, Threshold function. When non cluster-heads choose 

optimal cluster-head they consider comprehensive nodes 

residual energy and distance to base-station. 

Beibei Wang & Chong Shen& Jing Li[3]in 2009 have described, 

analyzes the clustering mechanism in LEACH. One of problems 

in the LEACH protocol is that it depends on the time period to 

re-establish new clusters among whole network without 

considering the differences of energy consumption between the 

various clusters. In improved LEACH protocol, after clusters are 

established. Improved LEACH protocol effectively prolongs the 

network lifetime and effectively improve node’s energy 

efficiency. 

V. Loscrì, G. Morabito, S. Marano[4] in 2005 have described, a 

two-level hierarchy to realize a protocol that saves better the 

energy consumption. TL-LEACH uses random rotation of local 

cluster base stations (primary cluster-heads and secondary 

cluster-heads).  Where it is possible, a two-level hierarchy. This 

permits to better distribute the energy load among the sensors in 

the network especially when the density of network is higher. 

TL-LEACH uses localized coordination to enable scalability and 

robustness. They evaluated the performances of our protocol 

with NS-2 and observedthat protocol outperforms the LEACH in 

terms of energy consumption and lifetime of the network. 

Haosong Gou & YounghwanYoo[5]in 2010 have described, the 

energy efficiency is critical for the lifetime and cost of WSN. 

The low-energy adaptive clustering hierarchy (LEACH) and 

another improved centralized LEACH deploys randomized 

rotation of cluster-heads to evenly distribute the energy load 

among all sensors in a WSN. This paper proposes an improved 

LEACH (LEACH-C) algorithm called partition-based LEACH 

(pLEACH), which firstly partitions network into optimal number 

of sectors, and then selects the node with the highest energy as 

the head for each sector, using the centralized calculations.  

Mohammad Mehdi Shirmohammadi, Mostafa Chhardoli, Karim 

Faez [6]in 2009 have introduced, a new protocol called CHEFC 

(Cluster Head Election Full Coverage) is able to tackle with the 

problem of CH vacancy in the different parts of the network. 

The function of this protocol is as follows: each sensor should 

usually have a CH in it vicinity, and unlike the previous 
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protocol, there is no need for each sensor spends more energy to 

be connected with its  own CH located in a farther distance. This 

protocol which acts on a distributed basis will lengthen the 

lifetime of the wireless sensor network as well as fully covering 

the CH in the network.  

Mortaza Fahimi Khaton Abad, Mohammad Ali Jabraeil 

Jamali[7] in 2011 have introduced, In this work, an energy 

efficient clustering algorithm for sensor networks based on the 

LEACH protocol. LEACH uses a TDMA based MAC protocol, 

and In order to maintain a balanced energy consumption. The 

proposed protocol adds feature to LEACH to reduce the 

consumption of the network resource in each round. The 

proposed protocol is simulated and the results show a significant 

reduction in network energy consumption compared to LEACH. 

Ms. V. Muthu Lakshmi [8] have described, LEACH have One 

deficiency that affects the performance of the protocol is 

existence of very large and very small clusters in the network at 

the same time. This leads to the decrease in lifetime of WSNs. In 

this paper, the proposed and analyzed a new energy efficient 

clusters protocol (Improved FZ-LEACH) that eliminates the 

above problem by forming Far-Zone. Far-Zone is a group of 

sensor nodes which are placed at locations where their energies 

are less than a threshold. The communication between nodes and 

Sink is based on the energy consumption and the minimum 

distance.  

Nishi Sharma, Vandna Verma[9] have described, real life 

applications deal with Heterogeneity rather than Homogeneity. 

In this paper, a protocol is proposed, which is heterogeneous in 

energy. First completely analyzes the basic distributed clustering 

routing protocol LEACH (Low Energy Adaptive Clustering 

Hierarchy), which is a homogeneous system, then study the 

impact of heterogeneity in energy of nodes to prolong the life 

time of WSN. Simulation results using MATLAB  

3. ROUTING PROTOCOL 
Classification of routing protocols can accord network structure 

as data centric protocol, hierarchical protocol, Location Based 

protocol. 

3.1 Data Centric Routing Protocol  
In this sink ask for particular node data by broadcasting 

message. After this messages is reached to the specific node 

which sink is interested in its data. It will send the information 

back to sink. 

 

3.2 Hierarchical Routing Protocol 
The hierarchical routing protocols are intended to increase the 

network efficiency and scalability. In hierarchical routing 

protocols, clusters are created and a head node is assigned to 

each clusters. 

3.3 Location Based Routing Protocol 
The sensor nodes in the location based routing protocols are 

addressed by means of their locations. In order to save energy, as 

many as sleeping nodes in the network as possible, more energy 

saving can be achieved. 

4. LOW ENERGY ADAPTIVE 

CLUSTERING HIERARCHY (LEACH) 

PROTOCOL 
As we know, all the networks have a certain lifetime during 

which nodes have limited energy by using that, the nodes gather, 

process, and transmit information. This means that all aspects of 

the node, from the sensor module to the hardware and protocols, 

must be designed to be extremely energy-efficient. Decreasing 

energy usage by a factor of two can double system lifetime, 

resulting in a large increase in the overall usefulness of the 

system. In addition, to reduce energy dissipation, protocols 

should be robust to node failures, fault-tolerant and scalable in 

order to maximize system lifetime [3]. 

LEACH is the first network protocol that uses hierarchical 

routing for wireless sensor networks to increase the life time of 

network. All the nodes in a network organize themselves into 

local clusters, with one node acting as the cluster-head. All non-

cluster-head nodes transmit their data to the cluster-head, while 

the cluster-head node receive data from all the cluster members, 

perform signal processing functions on the data (e.g., data 

aggregation), and transmit data to the remote base station. 

Therefore, being a cluster-head node is much more energy-

intensive than being a non-cluster-head node. Thus, when a 

cluster-head node dies all the nodes that belong to the cluster 

lose communication ability [6][8]. 

LEACH incorporates randomized rotation of the high-energy 

cluster-head position such that it rotates among the sensors in 

order to avoid draining the battery of any one sensor in the 

network [5]. In this way, the energy load associated with being a 

cluster-head is evenly distributed among the nodes. Since the 

cluster-head node knows all the cluster members, it can create a 

TDMA schedule that tells each node exactly when to transmit its 

data. In addition, using a TDMA schedule for data transfer 

prevents intra-cluster collisions. The operation of LEACH is 

divided into rounds. Each round begins with a set-up phase 

when the clusters are organized, followed by a steady-state 

phase where several frames of data are transferred from the 

nodes to the cluster-head and onto the base station [4]. 

4.1 Set-up Phase 
In LEACH, nodes take autonomous decisions to form clusters by 

using a distributed algorithm without any centralized control. 

Here no long-distance communication with the base station is 

required and distributed cluster formation can be done without 

knowing the exact location of any of the nodes in the network. In 

addition, No global communication is needed to set up the 

clusters. The cluster formation algorithm should be designed 

such that nodes are cluster-heads approximately the same 

number of time, assuming all the nodes start with the same 

amount of energy [8]. Finally, the cluster-head nodes should be 

spread throughout the network, as this will minimize the 

distance the non-cluster-head nodes need to send their data. A 

sensor node chooses a random number, r, between 0and 1.  

Let a threshold value be 𝑇 𝑛  

T 𝑛  = 

𝑝

1−𝑝∗ 𝑟𝑚𝑜𝑑  
1

𝑝
  

         n𝜀𝐺

           0                             𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

  

This random number is less than a threshold value, 𝑇 𝑛 , the 

node becomes a cluster-head for the currentround. The threshold 

value is calculated based on the above given equation that 

incorporates the desired percentage tobecome a cluster-head, the 

current round, and the set of nodes that have not been selected as 

a cluster-head in the last(1/P) rounds, p is cluster head 

probability. After the nodes have elected themselves to be 

cluster-heads, it broadcasts an advertisement message (ADV). 

This message is a small message containing the node's ID and a 

header that distinguishes this message as an announcement 

message. Each non-cluster-head node determines to which 

cluster it belongs by choosing the Cluster head that requires the 

minimum communication energy, based on the received signal 
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strength of the advertisement from each cluster-head. After each 

node has decided to which cluster it belongs, it must inform the 

cluster-head node that it will be a member of the cluster. Each 

node transmits a join-request message (Join-REQ) back to the 

chosen cluster-head. The cluster-heads in LEACH act as local 

control centers to co-ordinate the data transmissions in their 

cluster [9]. The cluster-head node sets up a TDMA schedule and 

transmits this schedule to the nodes in the cluster. This ensures 

that there are no collisions among data messages and also allows 

the radio components of each non cluster-head node to be turned 

off at all times except during their transmit time, thus 

minimizing the energy dissipated by the individual [8][10]. 

4.2 Steady-State Phase 

The steady-state operation is broken into frames where nodes 

send their data to the cluster-head at most once per frame during 

their allocated transmission slot. The set-up phase does not 

guarantee that nodes are evenly distributed among the cluster 

head nodes. Therefore, the number of nodes per cluster is highly 

variable in LEACH, and the amount of data each node can send 

to the cluster-head varies depending on the number of nodes in 

the cluster. To reduce energy dissipation, each non-cluster-head 

node uses power control to set the amount of transmits power 

based on the received strength of the cluster-head advertisement. 

The radio of each non-cluster-head node is turned off until its 

allocated transmission time. Since all the nodes have data to 

send to the cluster-head and the total bandwidth is fixed, using a 

TDMA schedule is efficient use of bandwidth and represents a 

low latency approach, in addition to being energy-efficient[5][9]. 

The cluster-head must keep its receiver on to receive all the data 

from the nodes in the cluster. Once the cluster-head receives all 

the data, it can operate on the data and then the resultant data are 

sent from the cluster-head to the base station. 

5. SIMULATION PLATFORM 
NS2 (Network Simulator 2) developed by UC Berkeley is kind 

of open-source free software simulation platform in allusion to 

network technology. It is discrete event simulator. There is 

virtual clock in itself and all the simulation is driven by discrete 

events.NS2 now has become one of the first selected software to 

implement network simulation in the academic field. 

6. DISADVANTAGE OF LEACH 
    [1] LEACH does not provide clarity about position of sensor                       

nodes and the number of cluster heads in the network. 

   [2] Each Cluster-Head directly communicates with BS no 

matter the distance between CH and BS. It will consume lot of 

its energy if the distance is far. 

  [3] The CH uses most of its energy for transmitting and 

collecting data, because, it will die faster than other nodes. 

  [4] The CH is always on and when the CH die, the cluster will 

become useless because the data gathered by cluster nodes 

will never reach the base station. 

7. COMPARISION STUDY 
Table 1 Comparison of different LEACH Protocols 

Routing 

Protocols  / 

Parameters 

LEACH -A LEACH -F LEACH –L 

Advance Low 

Energy 

Adaptive 

Clustering 

Hierarchy 

Fixed No. 

of cluster 

LEACH 

Low Energy 

Adaptive 

Clustering 

Hierarchy 

Hop Count Single hop Single hop Multi hop 

Cluster Head 

Selection 

Residual 

energy levels 
Random 

Based on 

distance 

Advantages 

Heterogeneous 

energy 

protocol is 

proposed for 

the purpose of 

decreasing 

node failure  

No need of 

re-

clustering 

cluster head 

All nodes in 

the sensor 

are 

homogeneous 

and 

energy 

constrained. 

Disadvantage

s 

Consumes 

much energy 

to 

transmit data 

to Base 

Station 

1)Node 

mobility 

cannot be 

handled. 

2) Less 

energy 

saving. 

It demands 

each sensor 

node to 

record its 

own location 

information 

and the 

information 

of candidate 

routing CH 

increasing the 

storage 

Extra 

overhead for 

electing 

8. CONCLUSION 
Hierarchical routing protocol is one of the simplest and most 

commonly used in Wireless Sensor Network. For reduce the 

average latency LEACH protocol provide standard solution. But 

we observed that most of them facing problem of network 

lifetime. So we propose new design of energy efficient LEACH 

protocol for wireless sensor network. We will use NS2 platform 

for simulation & performance analysis. We expect the result 

with reduce the average latency per packet and increases 

lifetime. 

9. REFERENCES 
[1] Heinzelman.W.B.,Chandrakasan.A.P., Balakrishnan.H“An 

application-specific protocol architecture for wireless 

microsensor networks” IEEE transactions on Wireless 

Communication, Vol. 1, Issue. 4, 2002, pp 660-670 

[2] Yuhua Liu, Yongfeng Zhao, JingjuGao, “A New Clustering    

mechanism based on LEACH Protocol”, 2009 International 

Joint Conference on Artificial Intelligence, 2009. JCAI '09. 

pp 715-718 

[3] Beibei Wang & Chong Shen & Jing Li “ Study and 

Improvement on LEACH protocol in WSN’S” International 

Journal of Wireless Communication and Networking ISSN 

:0975-7163 

[4] V.Loscrì ,G. Morabito, S. Marano,“A two 

levels hierarchy for low energy adaptive 

clustering hierarchy  (TL-LEACH)”, Vehicular Technology 

Conference, 2005, Vol. 3, pp 1809-1813 

[5] Haosong Gou and YounghwanYoo“An Energy Balancing 

LEACH Algorithm for Wireless Sensor Networks “978-0-

7695-3984-3/10 $26.00 © 2010 IEEE 

[6] Jlan-FengYann& Yuan-Liu Liu “Improved LEACH 

Routing Protocol ForLarge Scale Wireless Sensor 

Networks Routing” 978-1-4577-0321-8/11/$26.00 ©2011 

IEEE 

[7] Ms.V.MuthuLakshmi “Advanced LEACH Protocol in 

Large scale  WirelessSensor Networks” Volume 4, Issue 5, 

May-2013 ISSN 2229-5518 

[8] MortazaFahimiKhaton Abad 1, Mohammad Ali 

JabraeilJamali 2 “Modify LEACH Algorithm for Wireless 



International Journal of Computer Applications (0975 – 8887)  

International Conference on Quality Up-gradation in Engineering, Science and Technology (ICQUEST-2014) 

31 

Sensor Network” IJCSI International Journal of Computer 

Science Issues, Vol. 8, Issue 5, No 1, September 2011; 

ISSN (Online): 1694-0814 

[9] Md. Junayed Islam, Md. Muhidul Islam, Md. Nazrul Islam, 

“A-sLEACH: An Advanced Solar Aware Leach Protocol 

for Energy Efficient Routing in Wireless Sensor Networks” 

International Conference on Networking (ICN'07) 0-7695-

2805-8/07 $20.00 © 2007 

[10] Nishi Sharma, VandnaVerma “Energy Efficient LEACH 

Protocol for Wireless Sensor Network” International 

Journal of Information & Network Security (IJINS) Vol.2, 

No.4, August 2013, pp. 333~33 ISSN: 2089-3299 

[11] Meena Malik, Dr. Yudhvir Singh, Anshu Arora “Analysis 

of LEACH Protocol in Wireless Sensor Networks” Volume 

3, Issue 2, February 2013 ISSN: 2277 128X 

[12] Jian-fengyan, Yuan-liuliu“Improved LEACH Routing 

Protocol for Large Scale Wireless Sensor Networks 

Routing” 978-1-4577-0321-8/11/$26.00 ©2011 IEEE 

[13] Geoff V. Merrett, Neil M. White, Nick R. Harris and Bashir 

M. Al-Hashimi “Energy-Aware Simulation for Wireless 

Sensor Networks” 978-1-4244-2908-0/09/$25.00 ©2009 

IEEE 

[14] R.Saravanakumar, S.G.Susila.J.Raja “An Energy Efficient 

Cluster Based node scheduling Protocol for Wireless sensor 

networks “978-1-4244-5798-4/10/$26.00 ©2010 IEEE. 

[15] Mr. Suyog Pawar & Ms. Prabha  Kailwal “Design and 

Evaluation of Enhanced LEACH routing protocol for 

wireless sensor Network” International Journal of Wireless 

Communication and Networking ISSN: 0975-7163 volume 

No.4 Number2 December 2012. 

 







m d CC







 

 

  

Abstract—Modern industrial processes are based on a large 

amount of electronic devices such as programmable logic controllers 

and adjustable speed drives. Unfortunately, electronic devices are 

sensitive to disturbances, and thus, industrial loads become less 

tolerant to power quality problems such as sags, swells, and 

harmonics. Voltage sags are an important power quality problem. In 

this paper proposed a new configuration of Static Var Compensator 

(SVC) considering three different conditions named as topologies and 

Booster transformer with fuzzy logic based controller, capable of 

compensating for power quality problems associated with voltage 

sags and maintaining a prescribed level of voltage profile. Fuzzy 

logic controller is designed to achieve the firing angles for SVC such 

that it maintains voltage profile. The online monitoring system for 

voltage sag mitigation in the laboratory using the hardware is used. 

The results are presented from the performance of each topology and 

Booster transformer considered in this paper. 

 

Keywords—Booster Transformer, Fuzzy logic, Static Var 

Compensator, Voltage sag. 

I. INTRODUCTION 

OTH electric utilities and end users of electrical power 

are becoming increasingly concerned about the quality of 

electric power. The term power quality has become one of the 

most prolific buzzword in the power industry since the late 

1980s [9]. Power Quality is simply the interaction of electrical 

power with electrical equipment. If electrical equipment 

operates correctly and reliably without being damaged or 

stressed, then the electrical power is of good quality. On the 

other hand if the electrical equipment malfunctions, is 

unreliable, or is damaged during normal usage, then the power 

quality is poor.  

Due to increasing complexity in the power system, voltage 

sags becoming one of the most significant power quality 

problems. Voltage sag is a short reduction voltage from 

nominal voltage occurs in a short time, voltage swell is an 

increase in the rms voltage from its nominal voltage; they are 

bound to have a greater impact on the industrial customers. If 

the voltage sags exceed two or three cycles, then 

manufacturing systems making use of sensitive electronic 

equipments are likely to be affected leading to major 

problems. It ultimately leads to financial losses [7].  

Literature review is useful to understand in the depth 

knowledge of problem formulation. The following papers 
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were obtained from a variety of publications such as IEEE 

transactions on power delivery.  

In [1], a laboratory model of an advanced var compensator 

(ASVC) was constructed to examine its capability for voltage 

sag mitigation and the main structure of the laboratory ASVC 

is presented. Its mitigation effect on voltage sags of different 

magnitude is then demonstrated. Tests carried out on a 

laboratory ASVC have shown that it can improve the load 

voltage sag by 4% to 21% depending on its initial operating 

point. The response time is about two and a half cycles of the 

power system frequency. The post-sag overshoot is up to 15% 

with a deep sag. Also tests have shown that an ASVC installed 

at a system with high source impedence can achieve a better 

mitigation effect on voltage sags. 

In [2], a small scale static var Compensator (SVC) circuit 

that could be used as either a laboratory demonstration or a 

laboratory experiment. The small scale SVC lab experiment 

effectively demonstrates SVC’s function in correcting power 

factor through the use of power thyristors in a phase-

controlled circuit. The Static VAR Compensator showed that 

it is capable of improving the power factor of an inductive 

load. As only a non-varying inductive load was tested, the 

SVC is still able to accommodate for a varying load with the 

phase control in the thyristors. Being able to vary the 

capacitance or inductance of a circuit is very beneficial 

because it makes the correction more flexible and cost 

efficient. Yet, adding an overly large capacitor could result in 

an over-compensation which would require less delay angle 

for the system to be close to unity power factor. 

In [3], the automatic control circuit has been implemented 

using microcontroller and tested with the Single Machine Two 

Bus Test system (SMTB) without and with SVC. 

Experimental results are presented and P-V Curves have been 

drawn for both the cases. Automatic control circuit have been 

designed and fabricated using LPC 2148 Microcontroller. The 

P-V Curves of the SMTB Test system with and without SVC 

have been plotted which shows the effectiveness of SVC on 

Voltage Stability improvement.  

In [4], Voltage sags are an important power quality problem 

for which the dynamic voltage restorer (DVR) is known as an 

effective device to mitigate them. The dynamic voltage 

restorer (DVR) has become popular as a cost effective solution 

for the protection of sensitive loads from voltage sags and 

swells. A phase locked loop is used to keep the load voltage 

synchronized continuously and track the source voltage. It is 

shown that it improves the performance of the DVR, and also 

deals with modeling and simulation of a Dynamic Voltage 

Restore (DVR) for mitigation of voltage sags. From the 

simulations it can conclude that the series compensation 

technique is most reliable compared to shunt compensation as 

shunt compensation requires more reactive power to be 
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injected to the system for the same sags. And the energy 

storage required is also more for shunt compensation. 

In [5], a single phase 1kvar SVC is Fabricated and Tested 

experimentally by connected to a SMSB Test System. The 

hardware of this SVC control system is developed based on 

Microcontroller LPC 2148 chip, the most modern industrial 

controller. Simulation analysis was done for the current with 

various firing angles and the results are presented. The 

harmonics increase with the increase in the firing angle. 

Experimentally it is found that it give very fast and precise 

compensation characteristics. 

Here we introduce the various topologies for mitigation of 

voltage sag. The main objective is to online mitigation of 

voltage sag with the use of Static Var Compensator 

considering the three different conditions named as topologies 

and Booster Transformer, and its effectiveness in mitigating 

the voltage sag. Under the Static Var Compensator various 

topologies (combination of inductor, capacitor and triac) is 

used and results are plotted. From Static Var Compensator and 

Booster Transformer, the Comprehensive results are presented 

to assess the performance of each device to mitigate the 

voltage sag. This paper is organized as follows. Section II 

outlines the Background, Section III describes the 

methodology of mitigation of voltage sag, Section IV 

describes the experimental set up, Section V shows the 

graphical results for various cases considered separately and 

Section VI draws the conclusions. 

II. BACKGROUND 

Power quality is simply the interaction of electrical power 

with electrical equipment. If electrical equipment operates 

correctly and reliably without being damaged or stressed, we 

would say that the electrical power is of good quality. On the 

other hand, if the electrical equipment malfunctions, is 

unreliable, or is damaged during normal usage, we would 

suspect that the power quality is poor [6]. 

Power quality is a collection of various subjects in terms of 

voltage quality, current quality, supply quality and 

consumption quality. It can be defined as: ‘Any power 

problem manifested in voltage, current, or frequency 

deviations that result in failure or malfunction of customer 

equipment’. Poor power quality is often the main reason of 

unexplained equipment trips or shutdowns; occasional 

equipment damage or component failure; erratic control of 

process performance; random lockups and data errors, power 

system component overheating, etc. [14]. 

Problems of the quality of power delivered to the customers 

are an important issue due to the associated significant 

financial losses. They have also become an increasing concern 

for power suppliers because of the increasing demand of high 

quality of electricity supply. For manufacturers of electrical 

equipment, the disturbance ride through capability of their 

devices is an important point to win potential buyers [13]. 

Power quality is usually defined as anything that affects the 

voltage, current, and frequency of the power being supplied to 

the enduser, i.e., the ultimate user or consumer of electricity 

[10]. The most common types of voltage abnormalities are: 

harmonics, voltage sags, voltage swells and short 

interruptions. 

A Voltage Sag as defined by IEEE Standard 1159-1995, 

IEEE Recommended Practice for Monitoring Electric Power 

Quality, is a decrease in root mean square (RMS) voltage at 

the power frequency for durations from 0.5cycles to 1 minute. 

The magnitude of voltage sag lies between the 90% to 10% of 

nominal voltage. 

A. Classification of Voltage Sag 

The voltage sag is further classified into two categories 

such as momentary and temporary voltage sag. This 

classification is based on time duration. Fig. 1 shows the 

definition of voltage magnitude events as used in IEEE 

standard 1159-1995 [8]. 

Momentary voltage sag is defined as the decrease in RMS 

voltage at a power frequency for duration from 0.5 cycles to 3 

seconds. The magnitude of voltage sag event is between the 

0.1pu to 0.9pu. 

Temporary voltage sag is defined as the decrease in RMS 

voltage at a power frequency for duration from 3 seconds to 1 

minute. The magnitude of voltage sag event is between the 

0.1pu to 0.9pu. 

 

 

Fig. 1 Voltage Magnitude Events as used in IEEE Std. 1159-1995 

 

If the voltage sag is persist for time duration more than 1 

minute then it is called as Undervoltage. If the voltage swell is 

persist for time duration more than 1 minute then it is called as 

Overvoltage. 

B. Voltage Sag Characteristics 

The three important Characteristics of voltage sag are: 

Magnitude (depth), Duration, and Phase angle jump [11]. 

1. Magnitude (Depth) 

One common practice is to characterize the sag magnitude 

through the remaining voltage during the sag, called as 

‘retained voltage’. The magnitude of voltage sag can be 

determined in number of ways. Most existing monitor obtains 

the sag magnitude from the RMS voltages. There are several 

ways of quantifying the voltage level. The obvious examples 

of the magnitude of the fundamental (power frequency) 

component of the voltage and the peak voltage are over each 

cycle or half cycle. The most monitor takes the lowest value. 

When the sag magnitude needs to be quantified in a number, 

one common practice is to characterize the sag through the 

remaining voltage during the sag. This is then given as 

percentage of the nominal voltage. Thus, a 70% sag in a 230 

volt system means that the voltage dropped to 161V. This 
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method of sag characterizing the sag is recommended in 

number of IEEE standards (493-1998, 1159-1995 and 1346-

1998). 

Sag magnitude is defined as the remaining voltage during 

the event. Fig. 2 gives the magnitude duration plot. It shows 

that if the sag magnitude lies between the nominal operating 

voltages (90% to 110%) then according to definition of sag, 

there is no sag. The 85% sag indicates that only 15% reduction 

in RMS voltage from nominal voltage. Thus large magnitude 

sag indicates less severe is the event. The 30% sag indicates 

that 70% reduction in RMS voltage from nominal voltage. 

Thus, the small magnitude sag indicates more severe is the 

event. The opposite will be hold for the swell. This is the 

important characteristics of event for quantification of sag and 

swell event.  

 

 

Fig. 2 Voltage sag Characteristics 

2. Duration 

Sag Duration is defined by the number of cycle during 

which the RMS voltage is below a given threshold. The 

typical value of threshold is around 90%. The start point of 

voltage sag is the instant at which the voltage falls below the 

90% of the nominal voltage and the end point of the voltage 

sag is the instant at which the voltage rises above the 90% of 

the nominal voltage. The sag duration is the time between the 

start point and end point. 

3. Phase Angle Jump 

A short circuit in power system not only causes a drop in 

voltage magnitude but also a change in phase angle of the 

voltage. The Phase angle jump occurs due to different X/R 

ratio at the point of coupling. To obtain the phase angle of 

measured sag, phase angle of the voltage during the sag must 

be compared with the phase angle of the voltage before the 

sag. The phase angle of the voltage can be obtained from the 

voltage zero crossing or for the phase of fundamental 

component of the voltage. 

A positive phase angle shift indicates that the phase angle of 

during event voltage leads the pre-event voltage. A negative 

phase-angle shift indicates that the phase angle of during-

event voltage lags the pre-event voltage. 

III. METHODOLOGY 

This paper introduces a new concept to investigate 

mitigation technique that is suitable for the voltage sag. 

Voltage sag has been the focus of considerable research in 

recent years. It can cause expensive downtime. The mitigation 

techniques are to be considered Static var compensator and 

Booster transformer. The facts controller, triac and other 

power electronics devices is useful for the mitigation. 

A. Facts Controllers 

FACTS (Flexible AC Transmission System) is defined as "a 

power electronic based system and other static equipment that 

provide control of one or more AC transmission system 

parameters to enhance controllability and increase power 

transfer capability." FACTS is a device used to control the 

governing parameters of the transmission line. 

B. Basic Types of Facts Controllers 

• Series Controllers 

• Shunt Controllers 

• Combined series- series Controllers 

• Combined series – shunt Controllers 

C. TRIAC 

Triac can conduct in both directions of current flow 

whereas SCR can conduct in only in one direction. Thus triac 

is equivalent to two SCRs connected in antiparallel, hence 

called as Bidirectional Triode Thyristor. As it conducts in both 

directions, the term anode and cathode are not applicable. It 

has three terminals, namely A1, A2 and gate terminal. Due to 

which bidirectional conducting feature, it is operated with AC 

supply as semiconductor switch. It can be switched ON in 

both positive and negative half cycles. Fig. 3 shows the 

symbol of triac. 

 

 

Fig. 3 Symbol of triac 

 

From basic structure of triac, it is seen that, the region 

between terminals A1 and A2 is P-N-P-N(�� � �� � �� � ��) 

and with N-P-N-P (�� � �� � �� � ��). The terminal A1 is 

used as a reference for measuring currents and voltages and G 

and A2. Whatever may be the polarity of applied voltage 

between A2 and A1, the traic can be turned on by applying 

positive or negative gate pulse. 

With AC voltage applied between A1 and A2, and with no 

gate signal, the triac blocks current in both half cycles, 

provided peak value of applied voltage is less than the 

breakover voltage ��	� or ��	� , the triac may be turned- on 

by breakdown of middle reverse biased junction. Therefore in 

order to retain gate control, peak value of applied voltage is 

must be less than breakover voltage. With gate current, triac 

can be turned on at applied voltage which is less than 

breakover voltage [16]. 

Triggering modes of TRIAC: 

Depending upon polarity of applied voltage and gate 

current, triac has four triggering modes: 

1) A2 is positive and gate current is positive  

2) A2 is positive and gate current is negative  
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3) A2 is negative and gate current is positive  

4) A2 is negative and gate current is negative  

D. Static Var Compensator 

A Shunt connected static var generator or absorber whose 

output is adjusted to exchange capacitive or inductive current 

so as to maintain or control specific parameters of the 

electrical power system [12]. 

This is a general term for a thyristor-controlled or thyristor-

switched reactor, and/or thyristor-switched capacitor or 

combination.SVC is based on thyristor without the gate turn-

off capability. It includes separate equipment for leading and 

lagging vars; the thyristor-controlled or thyristor-switched 

reactor for absorbing reactive power and thyristor-switched 

capacitor for supplying the reactive power [15]. TRIAC is 

used from thyristor family. Triac can conduct in both 

directions (bi-directional device). By phase angle control of 

triac, the flow of current through the various topologies is 

varied. Hence by varying the firing angle alpha from 90 Deg. 

To 180 Deg., the conduction interval is reduced from 

maximum to zero [14]. Following are the 3 various new 

techniques discussed. 

1. Topology 1 

Fig. 4 shows the case of topology 1, inductor, triac and 

capacitor are in series combination, this combination may 

called as thyristor switched capacitor (TSC). 

When the triac is closed and the TSC is connected to a 

sinusoidal ac voltage source v = Vsinωt, the current in the 

brunch is given by 

 

wtwC
n

n
Vwti cos

1
)(

2

2

−
=

 

 

where 

L

C

X

X

LCw
n ==

2

1  

 

The switching off capacitors excites transients which may 

be large or small depending on the resonant frequency of the 

capacitors with the external system. The disconnected 

capacitor stays charged, so the voltage across the non-

conducting triac varies between zero and peak to peak value of 

the applied ac voltage. When the capacitors voltage remains 

unchanged, the TSC bank can be switched in again, without 

any transient, at the appropriate peak voltage of the applied 

voltage. For positively charged capacitor the switching in is at 

positive peak of applied voltage, for negatively charged 

capacitor switching in is at negative peak of applied voltage. 

Usually, the capacitor bank is discharged after disconnection, 

therefore the reconnection can be done at some residual 

capacitor voltage. 

 

Fig. 4 Topology 1 

 

The transient free conditions can be summarized as two 

simple rules. One, if the residual capacitor voltage is lower 

than the peak ac voltage, then the correct instant of switching 

is when the instantaneous ac voltage becomes equal to the 

capacitor voltage. Two, if the residual voltage of the capacitor 

is higher or equal to the peak ac voltage, then the correct 

switching is at the peak of ac voltage at which the thyristor 

valve voltage is minimum[15]. 

2. Topology 2 

Fig. 5 shows the case of topology 2, SVC consists of 

inductor and triac are in series and capacitor is placed in 

parallel with this combination.  
 

 

Fig. 5 Topology 2 

 

When the amount of reactive power required to compensate 

the voltage in the ac power system connected to an SVC of the 

TCR-FC type is null, the TCR firing angle is adjusted so that 

the reactive power absorbed by the TCR fully offsets the fixed 

amount of reactive power supplied by the FCs. When the SVC 

has to supply reactive power to compensate the voltage in the 

ac power system (i.e., when the system absorbs reactive 

power), the TCR firing angle is increased so that the amount 

of reactive power absorbed by the TCR decreases. The lower 

the reactive power which the TCR absorbs, the higher the 

reactive power which the SVC supplies. When the TCR is set 

to the non conducting state, the amount of reactive power 

supplied by the SVC is maximal. The maximal amount of 

reactive power which an SVC of the TCR-FC type can supply 

is equal to the reactive power rating (i.e. QC) of the FCs. The 

magnitude of the SVC is inductive admittance BL (α) is a 

function of the firing angle α and is given as 

 

( )

2

2 2 s i n 2

, ,
2

L

S

s
s

L

B
X

V
w h e r e X

Q

π α α
α

π
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Vs is SVC bus bar voltage and QL is rating of reactor. As 

the SVC uses a fixed capacitor and variable reactor 

combination, the effective shunt admittance is  

 

( )
1

S L

C

B B
X

α= −

                                           

(2) 

 

Conversely, when the SVC has to absorb reactive power to 

compensate the voltage in the ac power system (i.e., when the 

system supplies reactive power), the TCR must absorb enough 

reactive power to, firstly, fully offset the fixed amount of 

reactive power supplied by the FCs, and, secondly, absorb 

enough extra reactive power to compensate for the reactive 

power supplied by the ac power system connected to the SVC. 

This means that the power rating of the TCR in an SVC of the 

TCR-FC type needs to be higher than that of the FCs, 

otherwise, the SVC would not be able to absorb reactive 

power from the ac power system to which it is connected.  

3. Topology 3 

Fig. 6 shows the case of topology 3, SVC consists of 

capacitor and triac are in series and inductor is placed in 

parallel with this combination 

 

 

Fig. 6 Topology 3 

 

The TSCs of an SVC can only be switched in or switched 

out. Because of this, the amount of reactive power supplied by 

the TSCs can only be adjusted by steps by changing the 

number of TSCs that are switched in at the same time. The 

higher the number of TSCs that are switched in, the higher the 

amount of reactive power supplied by the TSCs. The TCR, on 

the other hand, can be adjusted as needed from a full-

conducting state (TCR firing angle _ 90°) to a non-conducting 

state (TCR firing angle _ 180°), thereby allowing precise and 

continuous adjustment of the amount of reactive power which 

the SVC exchanges with the ac power system to which it is 

connected.  

E. Booster Transformer 

When sag occurs in the system, the Booster transformers 

calculates and synthesize the voltage required to maintain 

output voltage to the load by injecting a controlled voltage 

with a certain magnitude and phase angle into the system to 

the critical load. During voltage sag, the booster transformer 

injects a voltage to restore the load supply voltages. 

From Fig. 7, when booster transformer connected in online 

process, the supply voltage is continuously monitored and 

compared with a reference voltage; if the difference exceeds a 

certain tolerance, the booster transformer injects the required 

voltage. When the polarity of booster transformer is changed, 

it causes voltage swell. 

 

 

Fig. 7 Booster transformer 

(Circuit diagram connection only for voltage sag) 

F. Control Schemes 

The fuzzy logic control is being proposed for controlling 

the voltage sag.  

1. Fuzzy Logic Control  

In fuzzy logic, basic control is determined by a set of 

linguistic rules which are determined by the system. Since 

numerical variables are converted into linguistic variables, 

mathematical modeling of the system is not required. A 

Mamdani fuzzy linguistic controller has been designed to 

regulate the voltage sag. Unlike Boolean logic, fuzzy logic 

allows states (membership values) between 0 or 1. Its major 

features are the use of linguistic variables rather than 

numerical variables. Linguistic variables, defined as variables 

whose values are sentences in a natural language (such as 

small and big), may be represented by fuzzy sets [18]. The 

general structure of an FLC is represented in Fig. 8 and 

comprises four principal components: 
 

 

Fig. 8 Basic configuration of FL controller 

 

•••• A fuzzyfication interface which converts input data into 

suitable linguistic values; 

•••• A knowledge base which consists of a data base with the 

necessary linguistic definitions and control rule set; 

•••• A decision making logic which, simulating a human 

decision process, infers the fuzzy control action from the 

knowledge of the control rules and the linguistic variable 

definitions; and 

•••• A defuzzyfication interface which yields a nonfuzzy 

control action from an inferred fuzzy control action. 

Fuzzy logic controller is designed to achieve the firing 

angles for SVC such that it maintains voltage profile [17]. In 

the decision-making process, there is rule base that linking 
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between input and output signal. Figs. 9 & 10 shows the input 

and output variables. When the error voltage (Vpu – Vbase 

pu) is small, firing angle is large. The rule bases used in this 

FL controller are: 

1. if (input1 is mf1) then (output1 is mf3) 

2. if (input1 is mf2) then (output1 is mf2) 

3. if (input1 is mf3) then (output1 is mf1) 
 

 

Fig. 9 Input variables 

 

 

Fig. 10 Output variables 

IV. EXPERIMENTAL SETUP 

To study the online performance of the mitigation 

technique, voltage sag is generated in the laboratories through 

tailor made experimentation setup. Desired voltage signals are 

captured through data acquisition card and processed through 

mitigation. This paper describes the hardware used during the 

experimentation. 

Fig. 11 shows the practical experimental setup that was 

used to conduct the experiment in laboratory. The main 

components required for the setup are: single phase 

transformer, single phase induction motor, pulse transformer, 

gain control circuit, Zero crossing detector, Advantech data 

acquisition card, BASYS2 kit, personnel computer etc. The 

induction motor was used as a load. The block diagram of 

Experimental setup for study is shown in Fig. 12.  

 

 

Fig. 11 Practical Experimental setup 

 

 

Fig. 12 Block diagram of Experimental setup 

 

In experimentation, single phase 2KVA, 230V/230V, 

isolation transformer is used. It has taps that can be set from 

0V to 230V in steps of 10V. Change of taps can be viewed as 

voltage sag conditions for online simulation. To create 

induction motor of 2hp is used as a load which act as source of 

voltage sag. A step down transformer of 230/6V is used as 

potential transformer to provide the signal of desired 

magnitude for the measurement purpose. 

The gain control circuit is necessary to prevent the 

clamping of input voltage signal and also to provide the 

isolation between the computer and the supply. The gain 0.5 is 

achieve by choosing the values of 
� = 5KΩ and 
� = 10KΩ. 

The input voltage at the op-amplifier is 6V and voltage 

available at the output is 3V. The rising edge of Zero Crossing 

Detector is used to measure the firing angle α. The Diligent 

BASYS 2 kit is used for the firing angle control. 

In experimentation, mitigation of the voltage sag using 

Static Var Compensator and Booster transformer is used. 

Under these categories, different topologies (combination of 

triac, inductor, capacitor) is used and results are plotted. In this 

way describes the practical experimental setup developed in 

the laboratory to mitigate the voltage sag. This experimental 

setup is used for online mitigation of voltage sag, for different 

methodology using MATLAB program. 

V.  RESULTS AND DISCUSSIONS 

In this section describe the results obtained from online 

mitigation of voltage sag. The objective is to mitigate the 

voltage sag up to 1pu voltage (nominal voltage). 
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As per the definition of voltage sag, decrease in rms voltage 

from 0.9 to 0.1pu but in this paper, regulation of the sag in 

between 0.9 to 1pu is also done. 

The voltage sag signal was captured at 198V tapping and 

also with starting of an induction motor, by considering with 

and without compensation technique. For without 

compensation technique no mitigation proposed methods and 

for with compensation technique SVC and Booster 

transformer mitigation methods are considered. 

These following cases are studied for the mitigation of 

voltage sag using various methods. 

A. Discussions on Mitigation of Voltage Sag 

Online monitoring system for voltage sag mitigation in the 

laboratory using the hardware mentioned chapter 4. For both 

Static Var Compensator and Booster Transformer developed 

for each method provide mitigation of the voltage sag. Due to 

space limitations, figure shown only anyone instance and in 

tabular form shows the various instance results. The results are 

discussed below: 

B. Static Var Compensator 

The voltage sag is created using starting of an induction 

motor and also by tap changing of transformer. These two 

different cases are mentioned that (With/without 

compensation in case of induction motor and With/without 

compensation in case of tap changing of transformer). The sag 

flag denotes the detection of voltage sag and graph of firing 

angle shows the firing angle signal. As soon as the voltage sag 

detects, firing angle is changed as per sag and try to regulate 

voltage sag upto 1pu. 

1. Topology 1 

Captured signal due to induction motor starting for instance 

1 are shown in Fig. 13. 

 

 

Fig.13 Online Mitigation of Voltage Sag Due to Induction Motor Starting Using Topology 1 (INSTANCE 1) 

 

The depth of sag for without compensation in case of sag 

due to starting of induction motor is 0.6776pu and depth of 

sag for with compensation is 0.6975, shown in Fig. 13 (A). 

The duration of sag for without compensation technique is 76 

cycles and for with compensation technique, duration of sag is 

of 15 cycles, shown in Fig. 13 (B). Fig. 13 (C) shows that 

firing angle is changed as per sag and try to regulate voltage 

sag up to 1pu.  

By taking first 20 samples of voltage sag for without 

compensation and with compensation is plotted, shown in Fig. 

14. This shows that, in case of with compensation technique 

voltage sag is mitigated. 

 

Fig. 14 Voltage Sag Due to Induction Motor Starting Graph Plotted 

With Verses Without Compensation Technique Using Topology 1 

(INSTANCE 1) 

 

The snapshots of the online monitoring systems under 

switching instance due to tap changing are given in Fig. 15. 
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Fig. 15 Online Mitigation of Voltage Sag Due to Tap Changing Transformer Using Topology 1 (INSTANCE 1) 

 

The depth of sag for without compensation in case of sag 

due to starting of induction motor is 0.851814865pu and depth 

of sag for with compensation is 0.8586411975pu, shown in 

Fig. 15 (A). The duration of sag for without compensation 

technique is 44 cycles and for with compensation technique, 

duration of sag is of 37 cycles, shown in Fig. 15 (B). Fig. 15 

(C) shows that firing angle is changed as per sag and try to 

regulate voltage sag up to 1pu.  

By taking first 20 samples of voltage sag for without 

compensation and with compensation is plotted, shown in Fig. 

16. This shows that, in case of with compensation technique 

voltage sag is mitigated. 

2. Topology 2 

Captured signal due to induction motor starting for instance 

1 are shown in Fig. 17. 

 

 

Fig. 16 Voltage Sag Due to Tap Changing Transformer Graph Plotted 

With Verses Without Compensation Technique Using Topology 1 

(INSTANCE 1) 

 

Fig. 17 Online Mitigation of Voltage Sag Due to Induction Motor Starting Using Topology 2 (INSTANCE 1) 

The depth of sag for without compensation in case of sag 

due to starting of induction motor is 0.7576pu and depth of 

sag for with compensation is 0.7582, shown in Fig. 17 (A). 

The duration of sag for without compensation technique is 13 

cycles and for with compensation technique, duration of sag is 

of 9 cycles, shown in Fig. 17 (B). Fig. 17 (C) shows that firing 
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angle is changed as per sag and try to regulate voltage sag up 

to 1pu.  

By taking first 20 samples of voltage sag for without 

compensation and with compensation is plotted, shown in Fig. 

18. This shows that, in case of with compensation technique 

voltage sag is mitigated up to some extent. 

The snapshots of the online monitoring systems under 

switching instance due to tap changing are given in Fig. 19.  

Fig. 18 Voltage Sag Due to Induction Motor Starting Graph Plotted 

With Verses Without Compensation Technique Using Topology 2 

(INSTANCE 1) 

 

 

 

 

 

Fig. 19 Online Mitigation of Voltage Sag Due to Tap Changing Transformer Using Topology 2 (INSTANCE 1) 

 

The depth of sag for without compensation in case of sag 

due to starting of induction motor is 0.868257895pu and depth 

of sag for with compensation is 0.870307246pu, shown in Fig. 

19 (A). The duration of sag for without compensation 

technique is 73 cycles and for with compensation technique, 

duration of sag is of 0.8 cycles, shown in Fig. 19 (B). Fig 19 

(C) shows that firing angle is changed as per sag and try to 

regulate voltage sag upto 1pu.  
 

 

Fig. 20 Voltage Sag Due to Tap Changing Transformer Graph Plotted 

With Verses Without Compensation Technique Using Topology 2 

(INSTANCE 1) 

 

By taking first 20 samples of voltage sag for without 

compensation and with compensation is plotted, shown in Fig. 

20. This shows that, in case of with compensation technique 

voltage sag is mitigated upto some extend. 

3. Topology 3 

Captured signal due to induction motor starting for instance 

1 are shown in Fig. 21. 
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Fig. 21 Online Mitigation of Voltage Sag Due to Induction Motor Starting Using Topology 3 (INSTANCE 1) 

 

The depth of sag for without compensation in case of sag 

due to starting of induction motor is 0.7443pu and depth of 

sag for with compensation is 0.7654pu, shown in Fig. 21 (A). 

The duration of sag for without compensation technique is 

11.7 cycles and for with compensation technique, duration of 

sag is of 8.2 cycles, shown in Fig 21 (B). Fig. 21 (C) shows 

that firing angle is changed as per sag and try to regulate 

voltage sag upto 1pu.  

By taking first 20 samples of voltage sag for without 

compensation and with compensation is plotted, shown in Fig. 

22. This shows that, in case of with compensation technique 

voltage sag is mitigated upto some extend. 

The snapshots of the online monitoring systems under 

switching instance due to tap changing are given in Fig. 23. 

 

Fig. 22 Voltage Sag Due to Induction Motor Starting Graph Plotted 

With Verses Without Compensation Technique Using Topology 3 

(INSTANCE 1) 

 

 

 

Fig. 23 Online Mitigation of Voltage Sag Due to Tap Changing Transformer Using Topology 3 (INSTANCE 1) 
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The depth of sag for without compensation in case of sag 

due to starting of induction motor is 0.849882143pu and depth 

of sag for with compensation is 0.872896491pu, shown in Fig. 

23 (A). The duration of sag for without compensation 

technique is 48 cycles and for with compensation technique, 

duration of sag is of 41 cycles, shown in Fig. 23 (B). Fig. 23 

(C) shows that firing angle is changed as per sag and try to 

regulate voltage sag upto 1pu.  

By taking first 20 samples of voltage sag for without 

compensation and with compensation is plotted, shown in Fig. 

24. This shows that, in case of with compensation technique 

voltage sag is mitigated upto some extend. 

C. Booster Transformer 

The voltage sag is created using starting of an induction 

motor and also by tap changing. The sag flag denotes the 

detection of voltage sag and graph of firing angle shows the 

firing angle signal. As soon as the voltage sag detects, firing 

angle is changed as per sag and try to regulate voltage sag 

upto 1pu. 

Captured signal due to induction motor starting for instance 

1 are shown in Fig. 25. 
 

 

Fig. 24 Voltage Sag Due to Tap Changing Transformer Graph Plotted 

With Verses without Compensation Technique Using Topology 3  

 

 

Fig. 25 Online Mitigation of Voltage Sag Due to Induction Motor Starting Using Booster Transformer Topology (INSTANCE 1) 

 

The depth of sag for without compensation in case of sag 

due to starting of induction motor is 0.7192pu and depth of 

sag for with compensation is 0.7305pu, shown in Fig. 25 (A). 

The duration of sag for without compensation technique is 

13.96 cycles and for with compensation technique, duration of 

sag is of 12 cycles, shown in Fig. 25 (B). Fig. 25 (C) shows 

that firing angle is changed as per sag and try to regulate 

voltage sag upto 1pu.  

By taking first 20 samples of voltage sag for without 

compensation and with compensation is plotted, shown in Fig. 

26. This shows that, in case of with compensation technique 

voltage sag is mitigated. 

The snapshots of the online monitoring systems under 

switching instance due to tap changing are given in Fig. 27. 

 

Fig. 26 Voltage Sag Due to Induction Motor Starting Graph Plotted 

With Verses without Compensation Technique Using Booster 

Transformer Topology (INSTANCE 1) 
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Fig. 27 Online Mitigation of Voltage Sag Due to Tap Changing Transformer Using Booster Transformer Topology (INSTANCE 1) 

 

The depth of sag for without compensation in case of sag 

due to starting of induction motor is 0.844509278pu and depth 

of sag for with compensation is 0.910271795pu, shown in Fig. 

27 (A). The duration of sag for without compensation 

technique is 102.1 cycles and for with compensation 

technique, duration of sag is of 1 cycle, shown in Fig. 27 (B). 

Fig. 27 (C) shows that firing angle is changed as per sag and 

try to regulate voltage sag up to 1pu.  

By taking first 20 samples of voltage sag for without 

compensation and with compensation is plotted, shown in Fig. 

27. This shows that, in case of with compensation technique 

voltage sag is mitigated. 

 

Fig. 28 Voltage Sag Due to Tap Changing Transformer Graph Plotted 

With Verses without Compensation Technique Using Booster 

Transformer Topology (INSTANCE 1) 

 

 
TABLE I  

DEPTH AND DURATION OF VOLTAGE SAG IN CASE OF INDUCTION MOTOR STARTING  

Various Instance 
Depth Of Sag Duration Of Sag 

Without Compensation With Compensation Without Compensation With Compensation 

SVC (TOPOLOGY 1) 

INSTANCE 1 0.7695 0.7714 12 7 

INSTANCE 2 0.7245 0.7309 15 6 

INSTANCE 3 0.6776 0.6975 76 15 

SVC (TOPOLOGY 2) 

INSTANCE 1 0.7576 0.7582 13 9 

INSTANCE 2 0.763 0.7645 12.4 12 

INSTANCE 3 0.7557 0.7576 11.91 10.08 

SVC (TOPOLOGY 3) 

INSTANCE 1 0.739 0.7589 13.05 12 

INSTANCE 2 0.7443 0.7654 11.07 8.02 

INSTANCE 3 0.7497 0.7661 13.12 9.01 

BOOSTER TOPOLOGY 

INSTANCE 1 0.7023 0.7056 127.82 30 

INSTANCE 2 0.7073 0.7056 72.59 9.9 

INSTANCE 3 0.7192 0.7305 13.96 12 
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TABLE II  

DEPTH AND DURATION OF VOLTAGE SAG IN CASE OF TAP CHANGING TRANSFORMER 

Various Instance 
Depth Of Sag Duration Of Sag 

Without Compensation With Compensation Without Compensation With Compensation 

SVC (TOPOLOGY 1) 

1 0.851814865 0.8586411975 44 37 

2 0.859381395 0.863514286 40 38 

3 0.863461538 0.868315663 51 1 

SVC (TOPOLOGY 2) 

1 0.868257895 0.870307246 73 0.8 

2 0.855403222 0.856822353 88 0.8 

3 0.864167045 0.858034118 85 0.8 

SVC (TOPOLOGY 3) 

1 0.849882143 0.872896491 48 41 

2 0.854933333 0.876484783 53.8 50.8 

3 0.846807595 0.860975 77 124 

BOOSTER TOPOLOGY 

1 0.844509278 0.910271795 102.1 1 

2 0.8704114299 0.928343299 66.7 0.8 

3 0.87796571 0.935829825 93.9 0.8 

TABLE III  

INDUCTION MOTOR 

Mitigation Methods Without Compensation (Pu) With Compensation (Pu) Sag Mitigation (Pu) Sag Mitigation (%) 

STATIC VAR COMPENSATOR 

TOPOLOGY 1 0.865375 

0.852375 

0.85792 

0.90786 

0.90806 

0.916545 

0.042485 

0.055385 

0.058625 

4.679 

6.099 

6.396 

TOPOLOGY 2 0.851965 

0.860705 

0.855035 

0.887615 

0.86076 

0.875185 

0.03565 

0.000055 

4.016 

0.0063 

TOPOLOGY 3 0.83299 

0.840425 

0.8389645 

0.855715 

0.92256 

0.898245 

0.022725 

0.082135 

0.0592805 

2.6556 

8.9029 

6.5995 

BOOSTER TRANSFORMER 

TOPOLOGY  

 

0.79256 

0.758015 

0.74309 

0.84786 

0.781645 

0.849255 

0.0553 

0.02363 

0.106165 

6.5223 

3.0231 

12.5009 

 

TABLE IV  

TAP CHANGING 

Mitigation Methods Without Compensation (Pu) With Compensation (Pu) Sag Mitigation (Pu) Sag Mitigation (%) 

STATIC VAR COMPENSATOR 

TOPOLOGY 1 0.851814865 

0.859381395 

0.863461538 

0.858641975 

0.863514286 

0.868315663 

0.006827114 

0.004132891 

0.004854125 

0.755 

0.478 

0.559 

TOPOLOGY 2 0.868257895 

0.855403222 

0.864167045 

0.870307246 

0.856822353 

0.858034118 

0.002049351 

0.001419131 

- 

0.235 

0.0016 

- 

TOPOLOGY 3 0.849882143 

0.854933333 

0.846807595 

0.872896491 

0.876484783 

0.860975 

0.02314348 

0.02155145 

0.014167405 

2.636 

2.458 

1.64 

BOOSTER TRANSFORMER 

TOPOLOGY  

 

 

0.844509278 

0.870411429 

0.877965714 

0.910271795 

0.928343299 

0.935829825 

0.065762517 

0.05793187 

0.057864111 

7.224 

6.240 

6.183 

 

It can be observed that from Tables I and II, in both cases of 

voltage sag due to induction motor starting and tap changing 

transformer, depth of voltage sag is lower in without 

compensation technique than in with compensation technique 

for all proposed methods. This shows that by using 

compensation technique (with proposed mitigation topology), 

sag is mitigated. Also duration of sag is drops down by using 

mitigation technique. 
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From Tables III and IV, it can be seen that (by taking first 

20 samples of sag in both with and without compensation 

technique), by using proposed methodology sag is mitigated. 

VI. CONCLUSIONS 

In this paper, mitigation of the voltage sag using Static Var 

Compensator and Booster transformer is used. Under these 

categories, different topologies (combination of triac, inductor, 

capacitor) is used and results are plotted. In this way describes 

the practical experimental setup developed in the laboratory to 

mitigate the voltage sag. This experimental setup is used for 

online mitigation of voltage sag, for different methodology 

using MATLAB program. 

The hardware of this SVC control system is developed based 

on FPGA. Result analysis was done for the Static var 

compensator and Booster Transformer with various conditions 

and the results are presented. Booster Transformer give the 

better result than Static var compensator. The proposed model 

is experimentally verified and is found to give very fast and 

precise compensation characteristics. 
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