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PREFACE 

 

In the broadest sense, sustainable development is the development that meets the needs of the 

present without compromising the ability of future generations to meet their needs. It means the 

balancing of economic, social, environmental, and technological considerations, as well as the 

incorporation of a set of ethical values. Such a definition provides a useful intellectual 

framework for addressing issues of sustainability. Sustainability can be achieved only if great 

attention is given to two key areas: environmental quality and economic development. 

 

Therefore, in both developed and developing economies, technology and engineering issues are 

pivotal. Sustainability depends on the evolution of energy technologies. Many aspects of 

economic development and environmental protection would not be possible without technology. 

Water-resources management, sanitation, transportation, energy production and use, 

manufacturing, communication, agriculture and aquaculture, education, and health care all have 

a significant technological basis. One important aspect of global technological advance is the 

transfer of technology from developed to developing nations. Power generation is a good 

example. Plants already technically established and economical in the industrialized world offer 

potential for increasing energy efficiency in the emerging, densely populated areas of Asia, and 

Africa. To harness technologies for environmentally sustainable development, effective national 

and multilateral economic policies and management strategies that have sustainability as their 

primary objective are needed. 

The objective of the International Conference is to provide an opportunity to the professionals, 

field experts, academicians, researchers and students to interact and exchange ideas, experience 

and expertise and build indigenous technological capacity. The proposed topics of deliberation 

are: 

I. Renewable Energy Technology 

II. Industrial Drives 

III. Modeling and Simulation of power Converters 

IV. Wind and Solar Power Generation 

V. Smart Grid Technologies 

VI. Network and Topologies 

VII. Robotics 

VIII. CAD/CAM 

IX. VLSI,FPGI 



 

 

Contents 

Data Warehousing and Testing………………………………………………………………….. 01 

Ankit Navalakha 

Computer Virus Problems: Useful Technological……………………………………… 05 

Achievements 

Jyoti Kaushal 

Software Components Selection Mode- A Review………………………………………… 09 

Pranshu Bhatnagar, Dipesh Vaya 

Environment Technology: Sustaining Environment…………………………………….. 14 

Ankit Adaniya Neha Jain 

Effects of Modifications in Feed Points of Microstrip Antennas…………………………… 20 

Luv Sharma 

Biosensors in our Daily Life………………………………………………………………… 24 

Mr. Akshay Chouhan 

Analysis of Transmission Technologies in Wireless Sensors Networks……………………. 29 

Mr. Akshay Chouhan 

MANET Routing Protocals Based on Swarms Inteligence………………………………… 33 

Sunil Dhola 

A Survey of Energy Efficient Routing Techniques and Related Challenges in MANET… 39 

DR. Nidhi Jain 

Wireless Power Theft Monitoring System………………………………………………… 43 

Dr.Soniya Santwani 

A Review: Power system stability Enhancement using Different Control Techniques…… 47 

Dr. Usha Maroo 

Performance Analysis of Power system Stability Using Soft Computing Techniques…… 52 

Priya Joshi 

Reactive Power Management in Grid Connected Wind Farms in the State of Gujrat…… 57 

Vinay Gandhi 



Optimization of Piezoresistive Micro Pressure Sensors using Multi-Objective Genetic Algorithm 63 

Sahil Nawab Khan 

Power Quality issues and its solutions for Grid Connected DFIG based Wind Farms ......................... 68 

Pratibha Ahir 

Reclaiming and Enhancing the Aged and Fresh Transformer Oil with Activated Bentonite ................ 74 
And Antioxidants 

Mr. Akshay Chouhan 

A Review :Different Control Techniques For The permanent Magnet Brushless Dc Motor Drives 82 

Khub chand regar 

A Review :Power Factory Improvement in Different AC-DC Converters……………………. 89 

Sunil Sharma 

A Smart card Based Prepaid Electricity System……………………………………………… 

Deepak Somani 

95 

Review Of Nuclear Battery……………………………………………………………………. 

Ram Lakhan Meena 

97 

Feeder Analysis With Gps interfacing Using MIPOWER Software………………………….. 

Vikas Sharma 

100 

Lower Order Harmonics In Single Phases Grid Connected PV System…………………….. 

Arjun Kumar Sharma 

105 

Photovoltaic(Pv) Based Bldc Motor Control For Electric Vehicle…………………………... 

Sunita Sharma 

110 

FACTS Devices: A Brief Review………………………………………………………….... 

Akshay chouhan 

115 

Advanced Power Control Techniques in Hybrid Power Generation System…..................... 

Deepak Somani 

120 

Performance Capability Improvement of HVDC System Using Facts Controller…………. 

Arjun Kumar Sharma 

125 

Speed control of DC Motor through SCR with the help of Microcontroller (AT89C52)…. 

Vikas Bohra 

129 

Advanced Power Control Techniques in Hybrid Power Generation System….….….….…. 

Dheeraj Soni 

134 

Standalone Hybrid Wind-Solar Power Generation System Applying Dump….….….….…. 

Power Control Without Dump Load 

Makesh Singh 

140 



Investigation of Grid Connected Photovoltaic System….….….….….….….….….….….…. 

Nirmal Kumar 

145 

Development of Mathematicals Model of 60w Solar Photovoltaic Module….….….….…. 

Anurag tripathi 

149 

Domestic Solar -Wind Hybrid Energy System – Design and its Implementation….….…… 

Gaurav Bairwa 

153 

 
Overview of Energy Storage Technologies For Electricity Power….….….….….….….…. 

Rajeev Soni 

Technology of Hybrid Electricity Vehicle….….….….….….….….….….….….….….…… 

Prafull Kothari 

 
161 

 
164 

 

Facts Devices and its Optimization algorithms….….….….….….….….….….….….….…. 

Aanand Kumar Gaur 

167 

 

Step By Step Analysis And Development of Small Signals Stability For Single….….…… 

Machine Infinite Bus System Including Pss Modelling 

Vishal Manging 

173 

 

Renewable Energy Management: Solar Based Inverter Using CFL Load….….….….……. 

Disha Dubey 

181 

 

Real Time Experimental Studies of PID and Robust Controller for the….….….….….…. 

Conical Tank System 

Lokesh Suthar 

186 

 

In Industry , The applications of Rapid Prototype Manufacturing Technologies ….….…. 

Dinker Narayan 

191 



1 
 

Data Warehousing and Testing 

Ankit Navalakha 

Mewar University, 

Chittorgarh, Rajasthan, India 
 

 

Abstract— The aim of this paper is to bring together 

two research areas, i.e. “Data Warehousing” and 

“Testing”. In order to achieve this goal, Data 

Warehousing and Testing have been reviwed. Data 

Warehousing has been an active research area in the 

last years. This paper focuses on Data Warehouse 

Testing by describing Data Warehouses component 

along with its role in testing. The paper includes 

different component in the data warehouse 

architecture, its design and aligning the test strategy 

accordingly. The paper addresses some challenges for 

Data Warehousing Testing like voluminous data, 

heterogeneous sources, temporal inconsistency and 

estimation challenges. 

Keywords-Data Warehousing; Testing; Data Marts;Data 

Load; Staging Area 

 
I. INTRODUCTION 

 

 

Data Warehousing Testing is getting common 

nowadays. The reason for this are manifold, prominent 

ones being increase in Enterprise Mergers and 

acquisitions, Data Centre Migrations etc. The main 

component in Data Warehousing Testing are ETL 

process, OLAP engine and other client applications 

residing in warehouse. Reasons for using Data 

Warehouse are Business Mandate, Decision Support 

System , System Implementations , Increased 

Compliance and Regulatory Requirements, Data 

Centre Migrations. Various phases of Data Warehouse 

Testing includes ETL, Data Load, Initial Data Load, 

E2E Business Testing , Maintenaance/ Data 

Feeds.Challenges in Data Warehousing Testing 

includes voluminous data , Data Quality, Business 

Knowledge, high cost etc. Tools for Data Warehousing 

Testing are not defined , tools that has been used for 

this purpose is same as for data warehouse 

implementationDATA WAREHOUSE 

The purpose of the data warehouse is to build 

integrated data analysis-oriented environment for 

enterprises to provide decision support. In fact, the 

 

data warehouse itself is not "production" of any data, 

at the same time itself does not need to "consume" any 

data, data from an external source, and open to 

external applications. The basic structure of the data 

warehouse contains data inflow and outflow of the 

process, which can be divided into four layers - the 

source data, data staging area, data presentation area, 

data access tools. 

A Data Warehouse is a repository of integrated 

information, available for queries and analysis. Data 

and information are extracted from heterogeneous 

sources as they are generated. This makes it much 

easier and more efficient to run queries over data that 

originally came from different sources. In other words 

Data Warehouse is a database that is used to hold for 

reporting and analysis. Goals of Data Warehousing 

are- 

 

 To facilitate reporting as well as analysis. 

 Maintain organizations historical information. 

 Be an adaptive and resilient source of 

information. 

 Be the foundation of decision making. 

 

 
II. NEED FOR DATA WAREHOUSE 

 
There are many reasons why we use Data Warehouse. 

Some of these are listed below: 

  Banking and insurance domains mandate use 

of data warehouse. Mergers and Acquisitions 

are very common in today’s business. This 

field needs extraction, Transformation and 

Loading of voluminous data. 

 Data Warehouses plays vital role in Decision 

Support System implementations to making 

decision in any defect data model. 

 Data Centre Migrations is the reason for Data 

Warehouses to be there to handle various 

isolated data-centers. 
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III. DATA WAREHOUSE IMPLEMENTAION 

 
 Acquire and setup development 

environment. 

 Obtain copies of operational tables. 

 Finalize physical warehouse schema 

design. 

 Build or configure extraction schema 

and transformation subsystems. 

 Build or configure data quality 

subsystems. 

 Build warehouse load subsystem. 

 Setup data warehouse metadata. 

 Setup warehouse schema. 

 Setup data access and retrieval tools. 

 Conduct user training, testing and 

acceptance. 

 
IV. DATA MART AND DATA WAREHOUSE 

DATABASE 

 
Data Mart is a logical subset of an enterprise-wide data 

warehouse. For example, a data warehouse for a retail 

chain is constructed incrementally from individual, 

conformed data marts dealing with separate subject 

areas such as product sales. 

 

Dimensional data marts are organized by subject area 

such as sales, finance, and marketing and coordinated 

by data category such as customer, product, and 

location. These flexible information stores allows data 

structures to respond to business changes-product line 

additions, new staff responsibilities, mergers, 

consolidations, and acquisitions. 

A data warehouse contains the data that is organized 

and stored specifically for direct user queries and 

reports. It differs from OLTP database in the sense it is 

designed primarily for reads and writes. 

 

A PLAP application is a system designed for few but 

complex request. An OLTP application is a system 

designed for many but simple concurrent requests. 

V. DATA WAREHOUSE TESTING 

Unlike traditional testing, in Data Warehouse Testing 

the execution does not start at the end of 

implementation. In this test execution it has multiple 

phases. Below are various phases included in Data 

Warehouse Testing: 

 

 During the ETL phase of a DWH 

implementation, Data quality testing is of 

utmost importance. Any defect slippage in this 

phase will be very costly to rectify later. 

Functional testing needs to be carried out to 

validate the Transformation logic. 

 
 During the setup of Data Load functionality, 

specific testing on the load module is carried 

out. The Parameters and Settings for data load 

are tested here. 

 

 
 Initial Data is when the underlying databases 

are loaded for the first time. Performance 

testing is of significance here. Data Quality, 

once tested and signed off during the ETL 

testing phase is re-tested here. 

 
 Once the initial data load is done, the Data 

warehouse is ready for an end-to-end 

functional validation. UI testing and Interface 

testing are carried out during this phase. 

 

 
 Data from the operational Database should be 

input into the Data warehouse periodically. 

During such periodic updates, regression 

testing should be executed. This ensures the 

new data updates have not broken any existing 

functionality. Periodic updates are required to 

ensure temporal consistency. 

 
VI. DATABASE TESTING VS DATA WAREHOUSE 

TESTING 
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 Difficult to estimate. Only volume 

might be available. 

 No accurate picture of the quality of 

the underlying data. 

 Business Knowledge. Organization- 

wide Enterprise data knowledge may 

not be feasible. 

 100% Data verification will not be 

feasible. In such cases, the extraction, 

transformation and loading 

components will be thoroughly tested 

to ensure all types of data behaves as 

expected, within each of these 

modules. 

 Very High Cost of quality. This is 

because any defect slippage will 

translate into significantly high costs 

for the organization. 

 The Heterogeneous sources of data 

will be updated asynchronously. 

Temporal Inconsistency is part and 

parcel of a Data warehouse 

implementation. 

 Transaction-level traceability will be 

difficult to attain in a Data warehouse. 

 

 
VIII. TOOLS FOR DATA WAREHOUSE TESTING 

 
Tool selection also depends on the test 

strategy viz exhaustic verification, Sampling, 

Aggregation etc. Reusability and Scalability of 

the Test Suite being developed is a very 

important factor to be considered. 

 

 

 

 

VII. CHALLENGES IN DATA WAREHOUSE 

TESTING 

 

 
 Voluminous data, from heterogeneous 

sources. 

 Data Quality not assured at source. 

 

 
IX. CONCLUSION 

 
This paper Data Warehouse Testing focused on Data 

Warehouse Testing phases as ETL(Business 

Functionality),Data Load(Parameters Settings 

Validation),Initial Data Load(Performance Data 

Database Testing Data Warehouse Testing 

 

 Smaller in 
Scale. 

 

 Large Scale, 
Voluminous Data. 

 

 Usually used to 
test data at the 
source instead 
of testing using 
the GUI. 

 

 Includes several 
facets, Extraction, 
Transformation & 
Loading 
mechanisms being 
the major ones. 

 

 Usually 
Homogeneous 
data. 

 

 Heterogeneous 
data involved. 

 Normalized 
data. 

 De normalized 
data. 

 

 CRUD 
Operations. 

 

 Usually Read-only 
operations. 

 Consistent Data 
 

 Temporal Data 
inconsistency. 
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Quality), E2E Business Testing(UI & Interface 

Testing), Maintenance/ Data Feeds(Regression) , 

challenges which includes Voluminous data, from 

heterogeneous sources. and how it differs from 

Database Testing. 
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Computer Virus Problems:Useful Technological 

Achievements 

 
* Jyoti Kaushal 

Assistant Professor 

SS College of Engineering, 

Udaipur, Rajasthan 

 

 
 

Abstract- 

Technology has been developed to help us 

estimate the safety and effectiveness of anti- 

virus technology before it is organized. 

Technology for dealing with known viruses 

has been very successful and is being 

extended to deal with previously unknown 

viruses automatically. There are still 

important research problem for the solution 

to any significantly improve ability to deal 

with the virus problems of the near future. 

The purpose of this paper is giving the 

outline the problems, to suggest approaches, 

and to encourage those interested in 

research in this field to pursue them. I also 

observe a number of open research 

problems in the area of protection from 

computer viruses. For each problem, I 

review the work that has been done and 

suggest possible approaches. There will 

plenty of important and interesting new 

problems that must be solved in this field. 

 
Introduction: 

Some people believe that "virus research" 
means "analyzing the viruses." But I discuss 
several important research problems in the 
area, reviewing what is known on each 
problem and what remains open. Over the 
last decade, a single method of detecting 
computer viruses has nearly covered each 
others. In this method, a string of bytes was 
selected from some known virus and the 

virus scanner looked for that string in files 
as a way of determining if that file was 
infected with that virus. After that, more 
complex techniques were developed which 
involved looking for various substrings in 
various parts of the file. All of these 
techniques have one thing in common; they 
look for static characteristics of viruses that 
are already known. In that time, around 
twenty thousand different viruses were 
created. Then a question comes up that how 
a method could deal with already know 
viruses be effective in an environment with 
so many new viruses? The reason is simple: 
over the past ten years, only a few hundred 
of viruses have actually been seen in real 
customer events. Even those spread quite 
slowly on a global scale, typically requiring 
months or years to become prevalent around 
the world. This provided the anti-virus 
industry plenty of time to discover a new 
virus, derive a cure and make it available for 
all before many PCs had been infected. 

I discuss four problems which are as 
follows: 

(A). Analyzing Heuristic Detection Methods 

(B). Distributed Approaches to an Immune 
System 

(C). Pro-Active Approaches to Controlling 
Viruses 

(D). Limited-Function Environments 
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(A). Analyzing Heuristic Detection 
Methods: 

The anti-virus industry also developed 
Heuristic Detection methods for detecting 
previously unknown viruses. Heuristics are 
on the horns of the same problem as any 
other virus detection method, detecting as 
many viruses as possible while having as 
few false positives as possible. But the virus 
background is changing. No longer are we 
dealing with simple DOS file and boot 
viruses. Excel and Word macro viruses are 
currently the most widespread viruses and 
Windows NT viruses are starting to be 
written. We have seen the first attempt at a 
Java application virus and on the possibility 
are entirely new kinds of viruses that will 
take advantage of the Internet to spread it 
selves. Future kinds of viruses will arise and 
become widespread much more quickly than 
in the past. It is important that we have ways 
to find new instances of these viruses before 
they spread globally. We may not have the 
luxury of long-lasting beta periods to help 
tune our heuristics to eliminate false 
positives. We certainly can’t expect users to 
be sophisticated enough to tune dozens of 
different, complex heuristics if the authors 
of the heuristics are unable to do so. 

The difficulty is that very small work has 
been done in this area. Apart from 
experience with individual heuristics as they 
are used in individual products, we don't 
know how they will work or how many 
problems they will cause. In fact, since few 
heuristics have been described in the open 
literature, it is hard to know how good even 
current heuristics are. To further complicate 
matters; virtually all heuristics have been 
developed without regard to the ability to 
estimate their false positive and false 
negative rates before they are in wide-scale 
use. 

So the challenge is to develop classes of 
broadly useful heuristics that can be 
understood analytically before they are 

deployed and preferably, updated as the 
threat evolves without requiring entirely 
new methods. 

One possible starting point is a heuristic 
based on traditional signatures but 
signatures that are common to large classes 
of already known viruses. Combinations of 
these signatures can detect variants of 
viruses in these classes. Probabilities that 
individual string signatures will cause false 
positives in non-infected files can be 
estimated with techniques that have already 
been developed. 

 

(B). Distributed Approaches to 
an Immune System: 

As the Internet becomes the common 
vehicle for communication in the world and 
mostly people use it. Digital communication 
will increase vastly in scope and speed. The 
new kinds of viruses will take advantage of 
this increase to spread broadly and much 
more quickly, than present-day viruses. The 
viruses will spread to thousands of systems 
in a matter of minutes and around the world 
in a matter of hours. When this happens, a 
digital immune system will be flooded with 
thousands of instances of an in fact new 
virus within the first hour and all of these 
will have come from worried customers who 
want a solution as quickly as possible. 

A simulation study of centralized versus 
distributed immune system approaches 
should help to understand when flooding 
conditions like these are handled properly in 
the various models. Without any doubt, this 
is a large and complex problem and 
significant work needs to be done in each of 
the above areas to develop protective 
technologies. 

 

(C). Pro-Active Approaches to 
Controlling Viruses: 
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Current anti-virus technology relies almost 
entirely on finding a particular virus before 
being able to deal with it well. As such, it is 
largely a reactive technology. Customers are 
required to update their anti-virus software 
periodically to deal with new threats. Anti- 
virus vendors have long desired anti-virus 
solutions that did not require constant 
updates. Some anti-virus vendors have gone 
so far as to claim that their products could 
detect all possible viruses, never make 
mistakes, and never need updates, a claim 
that can be easily shown to be 
mathematically impossible. In these 
situations, it would be useful to have pro- 
active technology that could eliminate, or at 
least limit, the threat. 

 

(D). Limited-Function Environments: 

In a given programming environment, it can 
be verified to be impossible to create or 
modify programs, then that programming 
environment is incapable of spreading 
viruses. The Java “sandbox” model is a good 
example of this kind of limited function as is 
the Web markup language HTML. We 
expect that most major programming 
environments will remain functional enough 
to support viruses. There will be limited- 
function environments are useful and 
acceptable. 

It will be very interesting to examine 
problem areas in which environments can be 
useful, but limited so as not to support 
viruses. This is particularly important in the 
area of mobile code on the Internet, in which 
programs can move from system to system. 
A way of preventing these programs from 
creating the obvious virus threat is vital. 

 

Conclusion: 

I have examined a few open problems in 
computer virus research. This field is not 
complete and easily expected problems in 
the relatively near future will require 

significant new invention to avoid 
widespread problems with new viruses. 
Current anti-virus technology is largely 
reactive, relying on finding a particular virus 
before being able to deal with it well. 
Modern programming environments can 
give rise to viruses that spread increasingly 
rapidly, and for which a reactive approach 
becomes ever more difficult. I conclude that 
in the near future simple programs will 
evolve into complex interrelated processes. 
Computer viruses are extremely dangerous 
programs that will adapt themselves to the 
ever changing environment of memory by 
making copies of it selves. Cloning viruses 
create exact copies of it selves and attach to 
other files on the hard drive in an attempt to 
survive detection. 

 

References 

 

1. Jeffrey O. Kephart and William C. 
Arnold, “Automatic Extraction of Computer 
Virus Signatures,” Proceedings of the Fourth 
Virus Bulletin International Conference, R. 
Ford (ed.), Jersey, UK, Sept. 7-8,1994, pp. 
179-194. 

2. Gerald Tesauro, Jeffrey O. Kephart and 
Gregory B. Sorkin, “Neural Networks for 
Computer Virus Recognition,” IEEE Expert, 
Vol. 11, No. 4, Aug. 1996, pp. 5-6. 

3. J.O. Kephart and S.R. White, “Directed- 
GraphEpidemiological Models of Computer 
Viruses,” Proceedings of the 1991 IEEE 
Computer Society Symposium on Research 
in Security and Privacy, Oakland, 
California, May 20-22, 1991, pp. 343-359. 

4. Jeffrey O. Kephart, Gregory B. Sorkin, 
Morton Swimmer and Steve R. White, 
“Blueprint for a Computer Immune 
System,” Proceedings of the Virus Bulletin 
International Conference, San Francisco, 
California, October 1-3, 1997. 



8 
 

 

5. E.H. Spafford, “The Internet Worm 
Program: An Analysis,” ACM Computer 
Communication Review, Vol. 19 No. 1, pp. 
17-57, Jan 1989. 

 

 
nal Conference; Munich, Germany; October 1998. 

6. Fred Cohen, “Computer Viruses: Theory 
and Experiment,” Computers & Security, 
Vol. 6, pp. 22-35, 1987. 

7. John F. Morar and David M. Chess, "Web 
Browsers – Threat or Menace", Proceedings 
of the Virus Bulletin Internatio 



9 
 

 

Software Component Selection Models- A Review 
 

 

Pranshu bhatnagar 

Assistant Professor 

SSCE 

Udaipur, Rajasthan 

 

Dipesh vaya 

Assistant Professor 

SS College of Engineering, 
Udaipur, Rajasthan 

 

 

 

 

 

Abstract— This literature survey is providing briefing over 

different software component selection methods. This study 

provides overview of different research papers published in 
various journals and conferences. This review process includes 
investigation of various selection methodologies, software 

evaluation techniques and criteria of evaluation. Result shows 
that majority of components selection methodologies include 
functional and non-functional requirement for software 

component selection. 
Keywords—Component, formatting, style, styling, insert. 

 

I. INTRODUCTION 

Today, reuse of software modules can save a lot of time and 

efforts in application development but on the other hand reuse 

of software component is not so simple. Software component 

become more useful when it provide different customizable 

properties which specifically fulfills the organization needs. 

Therefore, selection of proper software component is very 

important for organization. Selection of a software 

component which corresponds with requirements of 

organization is a difficult and challenging task [1]. This 

challenge leads to researcher and practitioners to search better 

ways of component evaluation and selection. The basic 

motive of this study is to explore methodologies, criteria and 

principle involved during component selection. The present 

review includes various software quality models which 

provide metrics and factors to evaluate the overall quality of a 

software component. This paper address some research 

questions for reviewing component selection methods and 

models are as follows:- 
 

RQ1) What are the major focus area of different component 

selection methods? 

RQ2) What are the evaluation criteria adopted by selection 

methods? 

RQ3) What selection methodology are used for component 

selection? 

RQ4) What component evaluation technique is adopted for 

component fitness evaluation? 

RQ5) Whether a valid case study or empirical evaluation 

example is given or not? 

 
II. COMPONENT BASED SYSTEM 

Components are the software modules which provide a 

specific function in a big software system. Component based 

software engineering concern with component engineering 

and provides a way to reuse software component in different 

applications. Components are stand alone applications which 

are embedded in large software systems to provide domain 

specific functions [2]. The benefits of using software 

component in a system are easy maintainability, flexibility, 

reusability and functionality [3]. To ensure the quality of 

software system made up of components, it is mandatory to 

evaluate the quality of component before using in a software 

system. There are several software component selection 

models and methodologies are proposed by different 

researchers. Here in the following sections we are providing a 

literature review of those models. 

III. RESEARCH METHOD 

 

A. Inclusion Criteria for Research Papers 

The papers which describe the content on software component 
selection methodology come under the criteria of review. 
Research paper should be selected on the basis of description 
of methodology used for component evaluation and selection 
process. 

B. Papers Search Strategy 

To collect different papers, we directed our search toward 
different websites of well known journals. We extract research 
papers and articles from journals, conference publications and 
web sources. 

C. Search Methods and Data Extraction 

To search relevant papers from good journals and conference 

proceedings, we use different keywords like “component 

selection method”, “software component evaluation criteria”, 

“software component quality evaluation”, “COTS component 

selection models” etc. After extracting different research 

articles, we read abstract and conclusion of those papers and 

finally we select 19 research papers. These 19 papers describe 

methodology to evaluate and select software components. The 
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analysis of research papers are done with respect to find 

feasible solution of research questions mentioned in section I. 

 

IV. FRAMEWORK TO REVIEW EXISTING MODELS 

Proposed framework to review existing software component 

selection models are based on following factors:- 

 
A. Focus Factors 

The software component evaluation and selection are 

primarily based on some sub factors. These sub factors include 

functional and non-functional requirements of different 

stakeholders. Basically software components of different 

domains have different requirements and features. The focus 

is on inclusion of functional aspects, non functional aspects or 

both. 

B. Evaluation Criteria 

The major evaluation criteria to evaluate fitness of the 

component are based on the characteristics like functions, 

quality, requirement acquition, business values, architectural 

and strategic aspects of software components. 

C. Selection Methodology 

To select appropriate software component selection 

methodology is adopted by different researchers in different 

way. Selection methodology provides step by step procedure 

to evaluate and select software component. GQM, Feature 

analysis, brain storming techniques, trade-off analysis and cost 

value analysis are different selection methodology used for 

component selection. 

D. Evaluation Technique 

Software component evaluation is multi-criteria decision 

problem as evaluation scales depend upon different factors. 

Analytical Hierarchy Process (AHP), Weighted Sum Method 

(WSM), Out Ranking Method, Weighted Average, Scenario- 

based evaluation, Quantitative analysis, Interdependence 

graph and Quantitative Metric Values are used for evaluation 

process. 

 

E. Case Study Availability 

To demonstrate the practical application of component 

evaluation and selection process, it is important to do perform 

the experiment on real life component or hypothetical case 

study to validate the model. 

 

V. STRUCTURED ANALYSIS OF SOFTWARE COMPONENT 

SELECTION MODELS 

 

A. OTSO (off-The-Shelf Option) Model – 1995 [4] 

Focus 

The OTSO meta-model focused on the functional and non- 

functional attributes of a software component. 

Evaluation Criteria 

Quality characteristics, domain information, architecture and 

strategic criteria are important for component evaluation. 

Selection Methodology 

GQM (goal, quality, metric) selection methodology is used in 

this model for component fitness evaluation. 

Evaluation Technique 

The major evaluation technique used in this model is AHP 

Practical Application 

Demonstration is given on Hypertext Browser Selection. 

B. PRISM (portable, reusable, integrated software module) 

Model – 1997 [5] 

Focus 

The focus is on stand-alone test phases with integration 

evaluation approach. 

Evaluation Criteria 

Quality characteristics and requirements are the major 

evaluation criteria for the components 

Selection Methodology 

Generic component architecture and product evaluation 

process are major selection methodology. 

Practical Application 

Partial example is given to demonstrate the model. 

 
C. PORE (Procurement Oriented Requirement Engineering) 

Model – 1998 [6] 

Focus 

PORE model is focused on various system requirements 

which comprise functional and non-functional aspects of 

component. 

Evaluation Criteria 

This model considered requirement acquisition criteria as 

evaluation criteria. 

Selection Methodology 

Feature analysis technique is used as selection methodology. 

Evaluation Technique 

AHP, WSM, Out Ranking Method are major evaluation 

techniques. 

Practical Application 

Case study to demonstrate the model is missing in this 

research article. 

 
D. STACE (Socio-Technical Approach to COTS Evaluation) - 

1999 [7] 

Focus 

This model considers non-technical factors to evaluate the 

software component. 

Evaluation Criteria 

These evaluation e non-technical and business factors set 

evaluation criteria for software components. 

Selection Methodology 

Brain storming session is the major selection methodology 

adopted. 

Evaluation Technique 

AHP is used as evaluation technique. 

Practical Application 
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Pilot studies and case study is available to support the 

usability of this model. 

 
E. COTS Score – 2000 [8] 

Focus 

This model is focused on the functional and environmental 

software measures of software components. 

Evaluation Criteria 

Major evaluation criteria are functional, performance and non- 

functional requirements. 

Selection methodology 

Trade-off analysis and customer based grouping. 

Evaluation Technique 

Regression function and greedy algorithm are the major 

evaluation technique used to select software component. 

Practical Application 

No clear practical example is given in this model. 

 
F. RCPEP (Requirement Driven COTS Product Evaluation 

Process) – 2001 [9] 

Focus 

RCPEP is focuses on requirement based product evaluation. 

Evaluation Criteria 

User defined requirements are served as evaluation criteria. 

Selection Methodology 

Different evaluation criteria metrics are used in this model. 

Evaluation Technique 

Weighted average is the main evaluation technique employed 

in this model. 

Practical Application 

Descriptive case study is available to demonstrate the model. 

 
G. CAP – 2002 [10] 

Focus 

This model emphasis over different quality metric. 

Evaluation Criteria 

Quality attributes based on ISO 9126 model as evaluation 

criteria. 

Selection Methodology 

This model takes expert interviews and literature reviews as 

selection methodology. 

Evaluation Technique 

AHP is used to extract evaluation results. 

Practical Example 

Example is given to validate the model. 

 
H. I-Mate – 2002 [11] 

Focus 

This model focused on the reusable properties of a component. 

Evaluation Criteria 

Customer requirements are the treated as evaluation criteria 

for the component selection. 

Selection Methodology 

Comparison is conducted among the knowledge base and 

generic requirements. 

Evaluation Technique 

What-if scenario is used as an evaluation technique. 

Practical Example 

Case study is available for demonstrating the effectiveness of 

the model. 

I. PECA – 2002 [12] 

Focus 

The model focused on the flexibility to accommodate the 

realities of system. 

Evaluation Criteria 

Quality of reputation and support services are the main 

evaluation criteria. 

Selection Methodology 

Selection methodologies are filtration on the basis of 

complexity and requirements of stakeholders. 

Evaluation Technique 

AHP techniques and scenario-based evaluation is used as 

evaluation technique. 

Practical Example 

A hypothetical example is given in the paper to describe the 

process of software component selection. 

 
J. RDR (Requirement and Design Review) – 2002 [13] 

Focus 

This model shows relation between acquired components and 

system parts being built in house. 

Evaluation Criteria 

Evaluation is done on the basis of requirements and criteria 

based criteria. 

Selection Methodology 

Selection methodology is based on expert opinion, literature 

survey and GQM. 

Evaluation Technique 

Quantitative analysis is done for evaluation of the software 

components. 

Practical Example 

Case study to demonstrate the effectiveness of this model is 

not available in the research article. 

 
K. CRE (COTS- Based Requirements Engineering) – 2002 

[14] 

Focus 

This model is based on different non-functional requirement 

framework and requirement engineering. 

Evaluation Criteria 

Evaluation criteria for this model are NFR framework. 

Selection Methodology 

Cost versus benefit analysis is the major selection 

methodology used in this model. 

Evaluation Technique 

Weighted sum method is the main evaluation technique. 

Practical Example 

Case study is available to describe this model effectiveness. 
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L. CSCC (Combined Selection of COTS Component)- 2002 

[15] 

Focus 

This model emphasis over the selection of individual selection 

of components and individual process which coincide with 

time. 

Evaluation Criteria 

Technological and management requirements are the 

evaluation criteria used in this meta- model. 

Selection Methodology 

Literature review is conducted for the selection of the 

component. 

Practical Example 

Case study is available to describe the process of software 

component selection. 

 
M. CEP (Comparative Evaluation Process)- 2003 [16] 

Focus 

The component selection is based on the instance of decision 

analysis, resolution and confidence factor (CF). 

Evaluation Criteria 

Functional, architectural, management, strategic performance 

and financial characteristics are the major evaluation criteria 

for this model. 

Selection Methodology 

Credibility range of candidates is the selection methodology. 

Evaluation Technique 

Weighted average is done for evaluation process. 

Practical Example 

The process of evaluation and selection is demonstrated with 

the help of hypothetical example. 

 
N. CARE (COTS-Aware Requirement Engineering)- 2004 [17] 

Focus 

The focus is on the when and how to define the agents, goals 

and requirements. 

Evaluation Criteria 

Evaluation criteria are based on the functional, non-functional 

and architectural effectiveness of the model. 

Selection Methodology 

Gap analysis is done for selection of the component. 

Evaluation Technique 

Independency graph is taken as evaluation technique. 

Practical Example 

Case study is available to demonstrate the functioning of this 

model. 

 
O. CCCS (Compatible COTS Component Selection) Model – 

2005 [18] 

Focus 

This model stresses on the comparison of different set of 

components, stress on how well components will together. 

Evaluation Criteria 

Here in this model evaluation criteria are functional and non- 

functional attributes of the software components. 

Selection Methodology 

Market evaluation is taken as selection methodology. 

Evaluation Technique 

Weight value analysis is taken in account as evaluation 

technique. 

Practical Application 

An example is given on Caroline’s closets to describe the 

selection process. 

 
P. CPF (Commitment, Pre-filtering, Final filtering) Model – 

2005 [19] 

Focus 

Here in this model focus is on the continuous improvement of 

the selection process. 

Evaluation Criteria 

Evaluation criteria for different components are their 

respective web information and semantic distance from 

desired and offered characteristics. 

Selection Methodology 

Architectural analysis and functional suitability analysis is 

taken into consideration as selection methodology. 

Evaluation Technique 

Stakeholder’s weight, quantitative and qualitative metric 

values. 

Practical Example 

No valid example is available for this model to demonstrate 

the process. 

 
Q. CSSP (COTS Software Selection Process) Model – 2006 

[20] 

Focus 

Focus is drawn on evaluation, selection and selection of COTS 

software packages using structures set of activities. 

Evaluation Criteria 

Value triangle (cost, time, features) is main evaluation criteria. 

Selection Methodology 

Vendor qualification, trade-offs, rank and interview are 

component selection methodology given in this model. 

Evaluation Technique 

Scores and ranking comes out among the vendors are treated 

as evaluation technique. 

Practical Example 

No valid example or case study is available in this model. 

 

 
R. DEER (Decision Support for Component based System) 

Model – 2008 [21] 

Focus 

This model is focused on the functional and non-functional 

requirements and mapping of non-functional operational goal 

with additional data. 

Evaluation Criteria 

Functional and non-functional attributes of the components. 
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Selection Methodology 

Interview with stakeholder is the significant selection 

methodology used in this meta-model. 

Practical Example 

An elaborative example of mail server is used in this model. 

 
S. UnHOS (Uncertainty Handling in Commercial off the 

shelf)- 2011 [22] 

Focus 

This model describes the usage of AHP technique, Bayesian 

based model and focus is on finding inconsistency in COTS 

Candidate information during uncertainty management. 

Evaluation Criteria 

Stakeholder’s requirements are treated as evaluation criteria. 

Selection Methodology 

Information review, surveys and analysis reports are served as 

selection methodology. 

Evaluation Technique 

AHP and BBN are the evaluation techniques used in this 

model. 

Practical Example 

Case study is available to describe the functioning of the 

model. 

 

VI. CONCLUSION 

In this paper, different available software component selection 
models are examined. We took some criteria and on that basis 
we examined the available meta-models. The review criteria 
of different models are selection methodology, evaluation 
criteria, evaluation technique and availability of any case 
study. Most of the meta-models are based on the functional 
and non-functional attributes of the software component. AHP 
technique is efficiently utilized for component evaluation 
based on operational profile of the component. In future, soft 
computing techniques can be employed to estimate the fitness 
of the software component on the basis of quality 
characteristics of that component. Fuzzy based soft computing 
component fitness evaluation and classification technique is 
an option for future research. 

REFERENCES 

 
[1] C. Becker, M. Kraxner. M. Plangg, A. Rauber, "Improving 

Decision Support for Software Component Selection through 

Systematic Cross-Referencing and Analysis of Multiple 

Decision Criteria," System Sciences (HICSS), 2013 46th Hawaii 

International Conference on , vol., no., pp.1193,1202, 7-10 Jan. 

2013. 

[2] Ayala Martínez, Claudia Patricia, "Systematic construction of 

goal-oriented COTS taxonomies," 2012. 

[3] Arun Sharma, Rajesh Kumar, P S Grover,” Critical Survey of 

Reusability Aspects for Software Components”, in the 

proceedings of International Conference on Computer, 

Information and Systems Engineering (2007), Bangkok, 

Thailand, pp: 419-424. 

[4] J. Kontio, OTSO: A Systematic Process for Reusable Software 

Component Selection, Univ.Maryland report CS-TR-3478, 

UMIACS-TR-95-63, 1995.R.W. Lichota, R.L. Vesprini, B. 

Swanson, “PRISM Product Examination Process for component 

based development”, In Proceedings Fifth International 

Symposium on Assessment of Software Tools and 

Technologies, IEEE, 1997. 

[5] C. Ncube, N. A. Maiden, “PORE: Procurement-Oriented 

Requirements Engineering Method for the Component-Based 

Systems Engineering Development Paradigm”, Second 

International Workshop on Component-Based Software 

Engineering, Los Angeles, 1999. 

[6] D. Kunda, L. Brooks, “Applying Social-Technical Approach For 

Cots Selection”, Proceedings of the 4th UKAIS Conference, 

York, McGraw Hill, 1999. 

[7] A.T. Morris, “COTS Score: an acceptance methodology for 

COTS software”, Proceedings of the 19th Digital Avionics 

Systems Conferences (DASC), Vol. 1, pp. 4B2/1-4B2/8, 2000. 

[8] P. K. Lawlis, K. E. Mark, D. A. Thomas, T. Courtheyn, “A 

Formal Process for EvaluatingCOTS Software Products”, IEEE 

Computer, 34(5), 2001. 

[9] M. Ochs, D. Pfahl, G. Chrobok-Diening, and B. Nothhelfer- 

Kolb, “A COTS Acquisition Process: Definition and 

Application Experience”, ISERN report 00-02, Fraunhofer 

Institute for Experimental Software Engineering (IESE), 2002. 

[10] A. Liu and I. Gorton, “Accelerating COTS Middleware 

Acquisition: The i-Mate Process”, IEEE Software, 20(2), pp. 72- 

79, March 2003. 

[11] S. Comella-Dorda, J. Dean, E. Morris, P. Oberndorf, “A Process 

for COTS Software Product Evaluation”, ICCBSS, LNCS vol. 

2255, pp. 86-96, Springer, 2002. 

[12] M. Morizio, C. B. Seaman, V. R. Basili, A. T. Parra, S. E. Kraft, 

and S. E. Condon, “COTSbased software development: 

Processes and open issues”, Journal of Systems and Software, 

61(3), pp. 189-199, Elsevier, 2002. 

[13] C. Alves, J. Castro, “CRE: a systematic method for COTS 

components Selection”, Proceedings of the XV Brazilian 

Symposium on Software Engineering (SBES), Rio de Janeiro, 

2001. 

[14] B. C. Phillips, S. M. Polen, “Add Decision Analysis to Your 

COTS Selection Process”Software Technology Support Center 

Crosstalk, April 2002. 

[15] L. Chung and K. Cooper, “Defining Goals in a COTS-Aware 

Requirements Engineering Approach”, Systems Engineering, 

7(1), pp. 61-83, Wiley, 2004. 

[16] J. Bhuta, B. Boehm, “A Method for Compatible COTS 

Component Selection”, ICCBSS, LNCS vol. 3412, Springer, 

2005. 

[17] A. Cechich, M. Piattini, “Filtering COTS Components Through 

an Improvement-Based Process”, ICCBSS, LNCS vol. 3412, 

Springer, 2005. 

[18] H. Lin, A. Lai, R. Ullrich, M. Kuca, J. Shaffer-Gant, S. Pacheco, 
K. Dalton, K. McClelland, W. Watkins, S. Khajenoori, “COTS 

Software Selection Process”, SANDIA REPORT SAND2006- 

0478, Sandia National Laboratories, May 2006. 



14 
 

 

 

 

 

 

Environment Technology: Sustaining Environment 
 

 

 

Ankit Adaniya 

Assistant Professor 

SS College of Engineering, 

Udaipur, Rajasthan 

Neha Jain 

Assistant Professor 

SS College of Engineering, 

Udaipur, Rajasthan 
 
 
 
 
 
 
 

Abstract 

Sustainable development is the needs and 

requirements of the present generation are 

met without compromising the ability of 

future generations to meet their needs. The 

three important pillars of sustainable 

development are social development, 

economic development and environmental 

protection. 

 
In this paper, we will discuss about one of 

the pillars of sustainable development that is 

Environment Technology. Environmental 

technology can be defined as goods, 

systems, processes and services that offer 

clear environmental advantages in relation 

to existing or alternative solutions. We will 

also discuss some of the current issues of 

environment technology and how to handle 

those issues. 

 

 
What is Sustainable Development? 

Sustainability concepts are used quite often 

in speeches especially when talking about 

the environment or energy. Developing 

communities that are sustainable or closer to 

 
it are important. What a sustainable 

development is? 

Sustainable development means that the 

needs and requirements of the present 

generation are met without compromising 

the ability of future generations to meet their 

needs[1]. In other words, sustainable 

development is to meet needs of present 

generations without putting the needs of 

future generation in danger. A better quality 

of life for everyone, now and for generations 

to come. 
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One of the sustainable development 

communities is developed based on the idea 

that everyone will always have cars. Most of 

the time they are zoned so that residential 

and commercial areas are far enough away 

that someone needs a vehicle of some sorts 

to actually get from place to place. When a 

community is developed with sustainability 

in mind there are closer shops to homes. 

This helps and encourages people to walk or 

bike to do their shopping versus having to 

use vehicles which require external sources 

of energy some of which are limited or will 

eventually become limited. This will keep 

shops and work places closer to home so 

that using extra energy to get from place to 

place is not needed. 

The three important foundations or pillars of 

sustainable development are as follows[2]: 

 Social Development 

 Economic Development 

 Environmental Protection 

 

Social Development 

To have a sustainable future, the needs of 

people must be met equally. Needs are 

nothing but things like access to medical 

care, suitable housing, food, and sanitation. 

Some people will want as high a standard of 

living as possible and this must be achieved 

in a way that it does not harm or exploit 

others. Sustainable development addresses 

these needs by promoting equality, 

education and participation in local 

communities. 

 
Economic Development 

People throughout the world deserve the 

best standard of living that is sustainable. 

Improving medical care, sanitation, 

education, and enabling people to support 

themselves with a good standard of living 

requires the generation of wealth by 

economic activity. Sustainable economies 

also need to be competitive in a world 

market. Products that are too expensive to 

buy cannot be sustainable, even if they are 

environmentally friendly. 

 
Environmental Protection 

Planet Earth has a limited amount of 

resources. We all need clean air, clean 

water, and land to live on that also is 

productive enough to provide good quality 

food for all. Sustainable human activities 

look to protect the Earth’s environment to 

make sure it is not damaged for future 

generations. 

 
In this paper we will discuss about 

Environment technology. 

Environmental Technology 

Environmental technology can be defined as 

goods, systems, processes and services that 

offerclear environmental advantages in 

relation to existing or alternative solutions, 
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seen froman ecocycle perspective. Examples 

of environmental technologies includes 

processes and technologies in heating and 

electricity production from renewable fuels, 

renewable motor fuels, solar cells, wind 

turbines, biogas plants, systems for energy 

management in housing, renewable 

materials, technologies for waste 

management, water treatment and smoke gas 

cleaning systems. 

Current issues in Environmental 

Technology 

 
The current issues include: 

 Global warming 

 Overfishing the seas 

 Deforestation 

 Overuse of resources 

 Water supply shortages 

 Wasteful energy policies 

Most common issues are discussed as: 

Global Warming 

Global Warming is a one of a many 

inauspicious threats an Earth is facing today. 

Global Warming means the increase of the 

atmosphere’s temperature. 

Global warming is affecting many parts of 

the world. Global warming makes the sea 

rise, and when the sea rises, the water covers 

many low land islands. This is a big 

problem for many of the plants, animals, and 

people on islands. The water covers the 

plants and causes some of them to die. 

When they die, the animals lose a source of 

food, along with their habitat. Although 

animals have a better ability to adapt to what 

happens than plants do, they may die also. 

When the plants and animals die, people 

lose two sources of food, plant food and 

animal food. They may also lose their 

homes. As a result, they would also have to 

leave the area or die. This would be called a 

break in the food chain, or a chain reaction, 

one thing happening that leads to another 

and so on[3]. 

The main factors responsible for global 

warming are deforestation and electrical 

pollution like watching TV, listening to a 

stereo, washing or drying clothes, using a 

hair dryer or microwave, riding a car etc. 

Overfishing the seas 

Fish is one of the primary sources of protein 

for one of five people on this planet. In the 

developing world, fishing is source of 

income for 200 million people. Fishing is 

boon but overfishing is curse. 

Overfishing takes place when the fish are 

captured at a faster rate than they are able to 

reproduce. Overfishing can lead to depletion 

of or extinction of fish populations. The 

earliest overfishing occurred in the early 

1800s. Some fish that human eat, including 

Atlantic cod and herring and California's 

sardines, were also harvested to the brink of 

extinction by the mid-1900s. 
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The magnitude of the problem of 

overfishing is often overlooked. Fisheries 

investments have become attractive to both 

entrepreneurs and governments as the rapid 

growth in demand for fish and fish products 

is increasing day by day. 

Deforestation 

The destruction of natural forests because of 

cutting trees, logging, making space for 

cattle grazing, mining, extraction of oil, 

building dams and population expansion is 

known as deforestation[4]. 

 
Wood is the essential need of the human 

civilization for years and continues to be the 

main source of several activities that a man 

performs in his day to day proceedings. For 

example, paper is indispensible part of 

personal or official means of conducting the 

dealings. This would necessitate human 

beings to source the wood from the forests 

leading to deforestation. 

Deforestation causes increase in atmospheric 

CO2 levels, which is a factor of global 

warming[5]. 

Some other effects of deforestation include: 

 Reduced biodiversity 

 Release of greenhouse gas emissions 

 Disrupted water cycles 

 Increased soil erosion 

 Disrupted livelihoods 

Handling Environment-Technology 

Issues 

In today’s world, environment-friendly 

technologies can save us from 

environmental disasters. Environmental- 

friendly technologies can be found all 

around us. They are basically any 

technology that is designed to prevent or 

reduce the environmental impact of any 

stage of the life cycle of products and 

activities. Cost-effective and innovative 

environmental technologies offers 

opportunities that are good for business, 

reduce pressure on the environment, and can 

create new quality jobs. Environment- 

friendly technologies include: 

Biofuels: Biofuel is any fuel that is derived 

from biomass of living organisms or their 

metabolic byproducts, such as manure from 

cows. Bio fuels are a viable alternative to 

fossil fuels. Many varieties exist and they 

vary significantly. 

There are many sources of biofuel including 

vegetable oil, which is used in many older 

diesel engines; butanol, which is seen as a 

replacement for petroleum; and biogas 

which is produced from biodegradable waste 

materials[6]. 

Biofuels are not carbon neutral simply 

because it requires energy to grow the crops 

and convert them into fuel but the amount of 

fuel used during this production does have a 
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large impact on the overall savings achieved 

by biofuels. 

Solar panels: The solar panels convert 

sunlight directly into electricity. Solar 

electricity is green, renewables energy and 

doesn't release any harmful carbon dioxide 

or other pollutants. It reduces carbon 

footprint. Sunlight is free, so once you've 

paid for the initial installation your 

electricity costs will be reduced. If your 

system is producing more electricity than 

you need, or when you can't use it, you can 

sell the surplus back to the grid[7]. 

Wind turbines: A wind turbine is a device 

that converts kinetic energy from the wind, 

also called wind energy, into mechanical 

energy. Wind turbines harness the winds 

energy and convert this into useable 

electricity. Harnessing the winds energy 

with a wind turbine can provide a source of 

clean and renewable electricity for large or 

small communities[8]. 

Energy conservation: Energy conservation 

is the utilization of devices that require 

smaller amounts of energy in order to reduce 

the consumption of electricity. Reducing the 

use of electricity causes less fossil fuel to be 

burned to provide that electricity. 

Recycling water: Recycling water means 

wastewater which is further treated to 

varying qualities that is “fit for purpose” for 

its intended use. It can then be used for[9]: 

 Irrigation of sports grounds, golf 

courses and public open spaces 

 Industrial processing 

 Groundwater replenishment 

 Toilet flushing / clothes washing 

/ garden watering 

 Environmental benefits (eg: 

maintaining wetlands) 

 Irrigation of food crops 

 Irrigation of non-food crops (eg: 

trees, woodlots, turf, flowers) 

 Construction 

 firefighting 

Water recycling is an essential part of 

maintaining a reliable, sustainable and safe 

water supply 

Conclusion 

Environmental Technologies have been a 

general approach to control wickedness as 

well as start a hazard-free environment. 

Environmental Technology is a cleanest as 

well as many apparatus fit technology. 

Organizations and citizens have to discover 

their own ways for incorporating 

environment technologies into their 

operations. Environment technologies 

translate into cost savings by wrapping the 

building in insulation and shutting off lights 

in empty rooms. 

The main goal of the environment 

technology is to remove toxins from the 

environment. Taking steps to reduce energy 

consumption, or making use of alternative 

http://en.wikipedia.org/wiki/Kinetic_energy
http://en.wikipedia.org/wiki/Wind_energy
http://en.wikipedia.org/wiki/Mechanical_energy
http://en.wikipedia.org/wiki/Mechanical_energy
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power sources like wind turbines, result in 

fewer harmful contaminants to deal with. 

And this leads to a healthier community for 

all alike. So let’s use environment 

technology to make our environment clean 

and green. 
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Abstract 

This paper discuss the design and simulation 

of micro strip antenna Due to the rapid growth 

in the communication industry and the need 

for advanced high efficient devices with high 

wireless performance with different standards 

working at various useful band of high 

application. Here the micro strip patch antenna 

is design to work on Ultra Band Frequency 

and lower frequency band with high 

application in wireless communication. 

Frequency range with directivity up to 8.91 

dBi and directional with covering range of 

frequency. 

Keywords 

Tuning diode, feed points ,Ultra band 

Frequency, frequency response 

Introduction 

Currently in reconfigurable antenna field the 

major work is done with the design issues such 

as a tuning diode is placed between the two 

radiating element in PIFA[2]. By controlling 

the capacitance of the diode the length of the 

antenna can be varied for small frequency 

shift[3]. In a patch antenna a switchable slot 

(using PIN diode across the slot) is 

introduced[5]. It can be noted that all these 

techniques are suitable for single band of 

operation only. But in mobile device they 

operate on two or more band simultaneously. 

Thus a need of antenna that can operate on 

multi band (several band) occurs. 

 

 
Multi feed points in a single antenna structure, 

where by changing the location of feeding 

point, multiband operation can be achieved[7]. 

And we can obtain the antenna characteristics 

such as operating frequency band, and 

radiation pattern. By designing two switched 

feeding location the resonant frequency 

location can be changed and by this entire 

antenna volume can be reuse with minimum 

number of antenna component. Here the 

antenna can use frequency band covering 

almost entire Ultra Band Frequency and a 

lower frequency range of high application. 

 

 
Design of Antenna Structure 

Motive is to design a multiband operating 

antenna and to reduce it physical size, which 

can be done if the entire volume of the antenna 

is used. The concept is that the each operating 

band resonant on the portion of the antenna or 

on the entire geometry of the antenna so that 

there is no extra geometry needed to create the 

multiband operation. Antenna consists of an 

antenna structure rectangular Rogger 4000 

substrate with a slot, a ground plan, and an 

active feed device (switching network) which 

can select the location of the feeding point. 

frequency is created by resonant path d2 which 

is quarter wavelength. 

Higher resonant frequencies depend on the 

length and area of d2 since high current is 

accumulated here. Due to abrupt geometric 

change between area. This makes a large 

impedance difference at transition area and a 



21 
 

 

high reflection at resonant frequency at ultra 

band frequency range. 
 

 
 

Figure 1 Microstrip Construction 

 

 

 

 

 

 

 

 

 

 
Figure 2 Antenna Operating at Feed Point-1 

The lower resonant frequency is created by 

resonant path d1 and d2 which are about 

quarter wavelength and the higher resonant 

When the active switch is feed to point-0 there 

are sets of frequency bands covering lower 

range of frequencies, although the both mode 

are using the same antenna structure the 

frequency band for mode-0 and mode-1 can be 

excited independently without affecting each 

other. The antenna shape and size of d1 and d2 

can be design such that the upper operating 

band in mode-0 is tuned to a frequency band 

that is lower than the upper operating band in 

mode-1. 

Using this concept, range of frequency band 

can be generated by switching between the 

two points (feed points).The antenna volume is 

reused to create the additional frequency band 

in this mode of operation. The resonant 

frequency in this switching mode of operation 

can be given by simple mathematical relation 

with basic mathematical formula i.e. velocity 

of light divided by modes of frequencies + 

fringing effects. Result may also depend on the 

environmental conditions. [7] 
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Figure 3 Antenna Operating at Feed Point-0 
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The feeding point location 0 and 1 corresponds 

to the operation mode-0 and operation mode-1. 

The feeding points are at the two ends of the 

slot which is cut in between in the shape of a 

letter “L” of specific dimensions calculated on 
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the basis of frequency range. The two end of  (5) 
the slot be taken as feed point-0 and feed 

point-1. When the feed is at operating point 1 

there are sets of frequency band and they are 

centred at covering Ultra Band Frequencies. 
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The switching of the feed point is done using 

the active switch device using PIN diode[5], 

which is based on the voltage divider theorem. 

And respective points of switches are fixed 

based upon the voltage divider theorem, and 

the diode forward and reverse biasing 

principle. The feeding to the antenna structure 

is done using micro strip line concept whose 

calculation is done using a basic micro strip 

equation. 

 

 

Simulation Results 

The design of the antenna with appropriate 

dimensions and slot dimensions is simulated 

and the results comprising of frequency 

response, antenna impedance, radiation 

pattern. The design of the active switch is 

basic and various circuits are already available 

with the application of PIN diode[5]. The 

current methodology is done and tested on the 

antenna simulation software to observe the 

radiation pattern and the directivity of the 

reconfigurable multiband antenna. 
 

 

Figure 4 Frequency Response of mode-1 

 

 
Figure 5 Frequency Response of Mode-0 

 

 

Conclusion 

The given antenna structure covers a wide 

range in ultra band frequency range, covering 

range in lower frequency range which has a 

wide application short range wireless 

communication such as marine 

communication, air traffic control etc. Thus 

the given antenna structure can be used for 

various application in the given frequency 

range, with high directivity and gain. 
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Abstract- 

A biosensor is any piece of hardware that interacts with 

a biological or physiological system to acquire a signal 

for either diagnostic or therapeutic purposes. . Data 

gathered using biosensor are then processed using 

biomedical signal processing techniques as a step 

toward facilitating human or automated interpretation. 

Biosensors are used in almost all the fields-engineering, 

medicine, nanotechnology, science, cancer diagnosis, 

DNA analysis, food analysis, blood tests and waste 

water treatment. Biosensors are pollution free, 

environmental friendly, easily available, inexpensive, 

reusable, recyclable and reliable. The given paper 

explores the importance of phone oximeter, FRET- 

Foster Resonance Energy Transfer, medical telesensors 

and miniaturized devices. 

 
Keywords- Biosensor, engineering, FRET, sensors 

 

I. Introduction 
 

A biosensor is an analytical device for the detection of an analyte 

that combines a biological component with a physicochemical 

detector component. The body sends out very weak electrical signal, 

which must somehow be captured and converted into information 

that can be used by a healthcare worker. With the development of 

the EKG, for example, engineers managed to isolate a very small 

and noisy signal polluted by other signal from the body to provide a 

real-time display of the activity of the heart. In the area of imaging, 

the strong magnetic field used by MRIs prohibits the use of 

anything metal in conjunction with this valuable diagnostic tool. So, 

biomedical engineers have developed MRI- compatible electrodes 

and other instrumentation that allows, say, a patient with epilepsy to 

be monitored for changes in EEG activity during an MRI. 

 

 
Fig1: Biosensor[4] 

 
A common example of a commercial biosensor is the blood glucose 

biosensor, which uses the enzyme glucose oxidase to break blood 

glucose down. In doing so it first oxidizes glucose and uses two 

electrons to reduce the FAD (a component of the enzyme) to 

FADH2. This in turn is oxidized by the electrode (accepting two 

electrons for the electrons from the electrode) in a number of steps. 

The resulting current is a measure of the concentration of glucose. 

 
Pulse Oximeter: Given the concerns about the costs of healthcare, 

particularly in developing nations, low-cost alternatives to 

traditional monitoring equipment and machines are being sought. 

Rather than purpose-built physical boxes, the power of the cell 

phone is being used to both monitor and transmit biomedical 

signals. Pulse oximetry is used to monitor blood oxygen level; 

particularly in settings where anesthesia is administered. 

Researchers at the University of British Columbia are taking 

advantage of the computing power, real-time wireless 

communication and low cost of smart phones to provide pulse 

oximetry outside the hospital setting.Biosensor technology 

incorporates a wide range of devices, from the basic stethoscope, 

thermometer and blood pressure cuff to sophisticated PET scanners, 

MRI and ultrasound machine. 

 

Immunosensors: Biosensors may be used in conjunction with 

enzyme-linked immunosorbent assays (ELISA). ELISA is used to 

detect and amplify an antigen-antibody reaction; the amount of 

enzyme-linked antigen bound to the immobilized antibody being 

determined by the relative concentration of the free and conjugated 

antigen and quantified by the rate of enzymic reaction. Enzymes 

with high turnover numbers are used in order to achieve rapid 

response. The sensitivity of such assays may be further enhanced by 
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utilizing enzyme-catalyzed reactions, which give intrinsically 

greater response; for instance, those giving rise to highly coloured, 

fluorescent or bioluminescent products. Assay kits using this 

technique are now available for a vast range of analyses. 

 

Piezo-Electric Biosensor: Piezo-electric crystals (e.g. quartz) 

vibrate under the influence of an electric field. The frequency of this 

oscillation (f) depends on their thickness and cut, each crystal 

having a characteristic resonant frequency. A simple use of such a 

transducer is a formaldehyde biosensor utilizing a formaldehyde 

dehydrogenase coating immobilized to a quartz crystal and sensitive 

to gaseous formaldehyde. The major drawback of these devices is 

the interference from atmospheric humidity and the difficulty in 

using them for the determination of material in solution. They are 

however inexpensive, small and robust, and capable of giving a 

rapid response. 

 

Theory of Fluorescence: Fluorescence is a property present in 

certain molecules, called fluorescence, in which they emit a photon 

shortly after absorbing one with a higher energy wavelength. To be 

specific, in order for an electron in the outer orbital of a molecule to 

jump from a ground-state orbital to an exited state orbital, it requires 

a fixed amount of energy, which, in the case of chromophores 

(molecules that absorb light), can be acquired by absorbing a photon 

with an energy equal or slightly higher. This state is short-lived, and 

the electron returns to the ground-level orbital, losing the energy 

either as heat or in the case of fluorescence by emitting a photon, 

which, due to the loss of the difference between the energy of the 

absorbed photon and the excitation energy required, will have a 

lower energy than the adsorbed photon, or, expressed in terms of 

wavelength, the emitted photon will have a longer wavelength. The 

difference between the two wavelengths is called Stokes’ shift. This 

property can be found in quantum dots, certain lanthanides and 

certain organic molecules with delocalized electrons.[1] 

 

 

II. Forster Resonsance Energy Transfer 
 

Over the years, using a combination of rational design and screening 

procedures, many possible topologies of fluorescent sensors for 

glucose have been created with varying degrees of success. In 

general, these sensors rely either on FRET or on sensitivity to 

polarity changes to translate the glucose concentration into 

fluorescent intensity. These sensors contain, in addition to the 

fluorophore(s). a molecule that confers glucose specificity, in 

general, a protein. A variety of proteins have been used for this 

purpose, often with different labs concentrating on one particular 

protein. Apoenzymes can still bind glucose but, due to the lack of 

cofactors (in vitro), cannot catayse their reaction so are less likely to 

get damaged. Sensors have been made using JD as FRET donors 

and a small molecule or gold nanoparticle (dark quenched) as 

acceptor. An example of the former, is Loebe’s sensil, a optic fibre 

system in which the quantum dot is attached to ConA whilst 

tetramethylrhodiamine is attached to cyclodextran, which in turn is 

attached to the PEG diacrylate scaffold. An example of the letter is 

Tang with QDs-ConA-beta-CDs-AuNPs. 

Fluorescent protein can be made into a fusion protein with a desired 

protein, circumventing the labelling steps. Shultz made a GGBP 

molecule with two GFP at each end. In theory, it is possible to 

improve this by doing a directed in vitro evolution using FACS, but 

it has not reported in the literature, which is not easily doe by 

labelling although a screening has been attamped by Pitner. 

Fluorescence is not the only type of luminescence achievable in 

biological systems: Chemiluminescence, the generation of light by 

means of chemical reactions, is produced by some protein, such as 

Aqueorin form symbiont in jellyfish and luciferase from symbiont 

in firefiles. These been used to make glucose sensors: Daunert 

makes a GGBP-split Aqueorin sensor and Koji Soda in 2009 made 

GGBP-luciferase with Asp459Asn (Glc not Gal).In addition to 

small-molecule dyes, fluorescent proteins have been used.In 

addition to protein as the glucose-binding moiety, boronic acid 

functionalized molecules have been used: Boronic acid in fact binds 

to vicinal groups, preferably hydroxyl; therefore, it has a high 

affinity for carbohydrates.One approach is by FRET quenching, in 

which the system can work through the modulation of the quenching 

of a dye by a boronic acid functionalized viologen. An aternative 

approach is by photo-induced electron tranfer (PET), a mechanism 

of fluorescence quenching due to the electron-rich tertiary amino 

group near the fluorophore, which is affected by the change in 

charge of the nearby boronate group when glucose is bound. This 

has been used in combination with lifetime by one group. Not only 

in fluorescence but as NMR agent for imaging with a Europium 

(3+) boronic acid dye.[2] 

 

 
 

III. Applications of biosensors 

There are many potential of biosensors of very types. The main 

requirements for a biosensor approach to be valuable in terms of 

research and commercial applications are the identification of a 

target molecule, availability of suitable biological recognition 

element, and the potential for disposable portable detection systems 

to be preferred to sensitive laboratory - based techniques in some 

situations. 

 

In Engineering: Label-free biosensors with high sensitivity and 

high specificity have shown tremendous potential in medical 

diagnostics environmental monitoring, and food safety evaluation. 

Optional microcavities, such as the microsphere and microtoroid, 

have very low optional loss, and are therefore uniquely suited to 

sensing application that require high sensitivity, particularly when 

paired with a biochemical recognition element that grants high 

specificity. The primary limitation of these biosensors, however, is 

that they are generally single-use systems. This limitation is due to 

the nature of the target-recognition moiety interaction, where 

binding events are difficult to reverse without degrading the optional 

performance of the sensor. However, this type of one-use, 
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disposable system may be cost- prohibitive for extension into 

commercial application, especially considering that it is only the 

recognition moiety, and not the optical transducer, that must be 

regenerated for biosensor re-use. Typically, the regeneration of 

recognition moieties is carried out via strong acid or base 

treatments, which can unbind the target-probe pair, usually result in 

damage to the recognition and transducer elements, thus diminishing 

the biosensor sensitivity and specificity. Therefore, an alternative 

approach to traditional wet-chemistry regeneration techniques, 

which allows maintenance of the sensor performance, refreshing of 

the recognition moiety, and potential recyling of the device to lower 

the overall cost, would provide a critical step forward in the 

extension of optical biosensors to commercial applications.[3] 

 

 
Fig2: Biosensors in Glucose Monitoring[4] 

 

 
Fig3: Biosensors in Nanorobotics[4] 

 
Biosensors in medicine: The size of a small bandaid, it is designed 

to be worn anywhere on the body, where the biosensor samples tiny 

amounts of fluids that lie just beneath the skin. The device is small 

and convenient, and makes measuring glucose levels pain free and 

noninvasiveThe new bio-sensor, however, makes possible a 

different, painless approach. Instead of puncturing a "big" hole into 

the skin, the bio-sensor works by making tiny pores in the skin, 

through which the interstitial fluid can rise. This would be similar to 

melting a very small region in the ice to access the water below. 

 

The biosensor device works to painlessly remove this outer- dermis, 

or dead- sin layer, by using a "micro - hotplate" (or micro-heater), 

which measures about 50 microns square and is carefully controlled 

to apply a small amount of power. (To imagine how small this area 

is, note that the period at the end of this sentence is about 10 times 

larger than hotplate). For30 milliseconds (that's 30 one-thousandths 

of a second) the "hotplate" is turned on to a temperature of 130C. 

Sounds hot, but in such a small spot, and for such a short time, a 

person cannot even detect the heat, or feel, as it is applied to the 

outer layers of skin. This hotplate causes a tiny micro-pore to form 

through which a little bubble of fluid passively emerges. The bio- 

sensor then reads the glucose levels in the sample fluid through tiny 

electrodes coated with a substance that reacts specifically to the 

glucose. The bio-sensor project initially began with the intention of 

developing a miniature device to remotely monitor the health status 

of soldiers in a battlefield, This tiny prototype chip, which acts as a 

patch on the skin and is called the B-FIT (Bio-Flips Integrable 

Transdermal Micro System), can obtain samples of fluids from 

under the skin one time every hour for a 24-hour period. In this 

application, troops being sent onto a battlefield could be fitted with 

biosensors. A medic in a central location could be removed from the 

field for medical care.[2] 

 

 
 

 

 
Fig4: Biosensors in medicine[4] 
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In cancer treatment: The earlier cancer can be detected, 

the better the chance of a cure. Currently, many cancers are 

diagnosed only after they have metastasized throughout the 

body. Effective, accurate methods of cancer detection and 

clinical diagnosis are urgently needed. Biosensors are 

devices that are designed to detect a specific biological 

analyte by essentially converting a biological entity (ie, 

protein, DNA, RNA) into an electrical signal that can be 

detected and analyzed. The use of biosensors in cancer 

detection and monitoring holds vast potential. Biosensors 

can be designed to detect emerging cancer biomarkers and 

to determine drug effectiveness at various target sites. 

Biosensor technology has the potential to provide fast and 

accurate detection, reliable imaging of cancer cells, and 

monitoring of angiogenesis and cancer metastasis, and the 

ability to determine the effectiveness at various target sites. 

Biosensor technology has the potential to provide fast and 

accurate detection, reliable imaging of cancer cells, and 

monitoring of angiogenesis ad cancer metastasis, and the 

ability to determine the effectiveness of anticancer 

chemotherapy agents. This review will briefly summarize 

the current obstacles to early detection of cancer and the 

expanding use of biosensors as a diagnostic tool, as well as 

some future applications of biosensor technology. 

 

IV. Medical Telesensors 

This biosensor consists of an optical fiber to which is 

attached a synthesized hybrid molecule. One half of the 

hybrid molecule binds calcium ions are bound to the 

molecule. Blood pressure and pulse rate may be measured 

by chips designed to detect pressure change. Unlike a glass 

fiber, a silicone fiber is flexible-it can be squeezed or 

stretched, and the amount of compression or expansion can 

be measured by changes in light transmission through the 

fiber. Thus, silicone fibers embedded in roads can be used 

to weigh trucks. If a silicone fiber on a chip can sense 

pressure at various positions in the body, it may be used for 

monitoring blood pressure, pulse rate, breathing (chest 

expansion), knee bending during physical rehabilitation, 

and foot pressure distribution. 

 

Aging, diseases such as diabetes and Alzheimer’s and 

chemical warfare agents cause changes in metal ion 

concentrations in the body. If these changes could be 

detected and measured, the information could provide clues 

about changes in disease states and exposure to toxins. 

Tuan Vo-Dinh and his coworkers have developed a 

biosensor using a glass optical fiber and a hybrid molecule 

he synthesized. One half of the hybrid molecule bind 

calcium ions and the other half fluoresces when calcium 

ions are bound to the molecule. By attaching this molecule 

to the end of a very small diameter optical fiber, Vo-Dinh 

measured the concentration of calcium ions in a solution. 

He plans to make a similar measurement within a single 

living cell! 

 

V. Miniaturized devices 

Another class of biosensors uses various techniques to 

turn a biological system into a tiny electronic device, 

to analyze or physiological processes, or to detect and 

identify bacteria. Some of these techniques produce or 

are carried out in miniaturized devices. The site for 

photosynthesis in a green leaf contains a complex set 

of enzymes and proteins that capture light energy and 

convert carbon dioxide into compounds that help the 

plants grow. If a platinum salt in a certain oxidation 

state is supplied to one of two photosynthetic systems 

in plant chloroplasts, one photosynthetic reaction 

system will use light energy to provide electrons that 

will reduce platinum to the metal form. 

 

The metal is deposited on the photosystem complex to 

form a tiny platinum center that can be employed in 

sophisticated diode-based microelectronics for 

measurements at extremely high sensitivity, 

resolution, and speed. The infrared microspectrometer 

developed at ORNL can be used for blood chemistry 

analysis, gasoline octane analysis, environmental 

monitoring, industrial process control, aircraft 

corrosion monitoring, and detection of chemical 

warfare agents.[5] 

 

VI. Biosensors in water treatment 

 
The disturbance the sludge is subjected to is most often in 

the form of a substrate addition (organic carbon, nitrogen, 

mixtures, wastewater, etc.). The measurement typically 

takes place in a small reactor filled with activated sludge 

that was previously sampled form a treatment plant. The 

measurement device within this reactor vessel can be a 

simple probe, for example a dissolved oxygen or PH 

electrode, but it can also be a more complicated flow 

injection analysis system. Processing and interpreting the 

recorded response, in several implementations already done 

automatically, can be based on a simple regression analysis 

or a more advanced model based data interpretation 

procedure. 

 

COD and N Removal Processes: The introduction of 

combined COD, N and P removal in wastewater treatment 

significantly increased the complexity of the biological 

interactions. This created a need for a better understanding 

of the performance of the biological processes. For COD 

and N removal processes the “biosensor” development has 

gone in two directions. First, on-line sensors were 

developed to obtain information about wastewater and 
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sludge characteristics. These data can be important to 

control the wastewater treatment plant. Secondly, the 

introduction of more advanced dynamic models to simulate 

COD and N removal in activated sludge plant (Henze et al., 

1987) created a need for adequate tests to characterize 

wastewater and activated sludge. Respirometry, the 

measurement and interpretation of the activated sludge 

oxygen uptake rate (OUR), is one of the most popular 

techniques to study the characteristics of wastewater and 

activated sludge biodegradation kinetics .The RODTOX 

respirometer (which is built around a continuously aerated 

batch reactor) was operated on-line at a full-scale industrial 

wastewater treatment plant (COD removal, no nitrification) 

to monitor the readily biodegradable organic substrate. 

Each of the wastewater oxygen profiles contains three 

sharp “shoulders”, indicating that the wastewater contains 

three main biodegradable fractions. 

For nitrogen removal processes measurements of 

Ammonium Uptake Rate (AUR) or Nitrate Uptake Rate 

(NUR) have been applied. However, online application of 

AUR and NUR is more problematic since ammonium and 

nitrate sensors are not as robust as for example a dissolved 

oxygen probe. Recently, a titrimetric method, where the 

proton consumption or production rate is monitored in a 

reactor vessel, has been successfully applied for the 

characterization of nitrification and is currently under 

development for other processes. This method has proven 

to be rather simple and robust, and prototypes are tested for 

on-line measurement of the nitrification capacity. A 

combined respirometric-titrimetric method mentioned 

above. The respirometer consists of an aerated vessel with 

an oxygen probe, and a closed respiration chamber 

equipped with a second oxygen probe. The activated sludge 

is continuously pumped around form aeration vessel to 

respiration chamber and vice versa. 

 

Detection of toxic wastewater: Toxic wastewater can be 

an important and unexpected source of problems at 

activated sludge plants. The presence to toxic wastewaters 

is generally related to industrial activity. In the most 

optimal situation toxic wastewater is treated at the source. 

However, this is often not case. Therefore, rapid and simple 

on-line test methods are useful to detect increased acute 

toxicity of the wastewater. Several standardized toxicity 

test methods are available on the market, e.g. with 

luminescent or immobilized bacteria. The disadvantage of 

these methods however is that the bacteria used may not be 

representative for the specific situation of a wastewater 

treatment plant. The best correlation between results form a 

toxicity test and the real behavior of the activated sludge is 

obtained when the activated sludge itself is used in the 

toxicity tests. Different respirometric applications have 

been developed to use activated sludge for wastewater 

toxicity detection. Toxicity detection is mostly done 

through a comparison of the sludge response in presence of 

wastewater with the response obtained for a non-toxic 

reference substrate. 

 
VII. Conclusion 

 
A biosensor is therefore an analytical device for the 

detection of an analyte that combines a biological 

component with a physicochemical detector component. 

Biosensor technology incorporates a wide range of devices, 

from the basic stethoscope, thermometer and blood 

pressure cuff to sophisticated PET scanners, MRI and 

ultrasound machine. It is used in wide variety of 

applications. The main requirements for a biosensor 

approach to be valuable in terms of research and 

commercial applications are the identification of a target 

molecule, availability of suitable biological recognition 

element, and the potential for disposable portable detection 

systems to be preferred to sensitive laboratory - based 

techniques in some situations. It is also used as a 

nanosensor. Nanosensors are any biological, chemical or 

surgical sensory points used to convey information about 

nanoparticles to the macroscopic world. Their uses mainly 

include various medicinal purposes and as gateways to 

building other nanoproducts, such as computer chips that 

work at the nanoscale and nanorobots.[6] 
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Abstract: In recent years, there has been an increasing interest 

in the adoption of emerging sensing technologies for 

instrumentation within a variety of   structural   systems. 

For a number of years, vendors have made use of proprietary 

technology for collecting performance data from devices. All 

wireless standards can be easily compared in terms of power 

requirements, throughput, and range. WSNs enable new 

applications and require non-conventional paradigms for 

protocol design due to several constraints. Owing to 

requirement for low device complexity together with low 

energy consumption, a proper balance between 

communication and signal/data processing capabilities must 

be found. Wi-Fi, GPRS, EDGE, ZigBee, WiMAX, Bluetooth, 

and 6LoWPAN are some technologies for transmission in 

Wireless Sensor Network.   This reports   an   overview   of 

d i f fere  nt WSNs t r ansmiss ion  technolog ies.  

 

Keywords: WSNs, throughput, impairments, Zigbee, WiMAX 

 

I.INTRODUCTION 

 
A WSN can be defined as a network of devices, denoted as 

nodes, which can sense the environment and communicate 

the information gathered from the monitored field (e.g., 

an area or volume) through wireless links. The data is 

forwarded, possibly via multiple hops, to a sink (sometimes 

denoted as controller or monitor) that can use it locally or is 

connected to other networks (e.g., the Internet) through a 

gateway. The nodes can be stationary or moving. The 

communication and collection of information is done with 

the help of wireless links, where each node is linked to one 

or a number of sensors. Replacement of wired connections 

among electronic devices with wireless network has 

revolutionized the way we organize our industrial, office 

and home environments. Wireless Sensor Networks are 

 

considered as one of the key technologies in the 21st 

century. The maturity of wireless sensor networks was 

enforced by military applications, regularly used in war 

field surveillance. Wireless communication in Wireless 

Sensor Networks is mostly based on standardized 

technologies around 802.11 and 802.15 standard families, 

also known as Wireless Local Area Networks (WLAN) 

and Wireless Personal Area Networks (WPAN). It should 

immediately be noted that to maximize the opportunity for 

widespread and cost-effective deployment of WSN, one 

needs to make use of existing and/or emerging commercial 

off- the-shelf (COTS) wireless communications and 

infrastructures rather than having to develop an entirely 

new, specially designed apparatus. WSNs can use a 

number of wireless COTS technologies, such as 

Bluetooth/PANs, Zigbee, WirelessLAN 

(WLANs)/hotspots, Broadband Wireless Access 

(BWA)/WiMAX and 3G.[4] 

 
 

II. TRANSMISSION IMPAIRMENTS 
 

Most of the transmission technologies in Wireless Sensor 

Network are RF based. A lot of radio-transmission 

engineering has to do with how to deal with the noise 

problem; the goal is nearly always to optimize the signal-to- 

noise ratio, subject to specified constraints (e.g., bandwidth 

requirements, cost, reliability, power consumption, 

equipment and antenna size).[4] Signal strength fluctuations 

caused by the fact that the composite signal received 

comprises a number of components from the various sources 

of reflection from different directions as well as scattered 

and/or diffracted signal components affect both mobile and 

stationary receivers. Care is needed when placing sensors in 

order to minimize interference. One needs to keep WNs 

away from other sources of radio-frequency interference 
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(RFI), Interference can also be caused by other legitimate 

or illegitimate users of a given frequency band. However, 

the benefits of a wireless solution are undeniable: lower 

installation and maintenance costs, increased flexibility, a 

broader set of addressable applications, and the freedom to 

take measurements almost anywhere 

 

Phenomena like reflection, Diffraction, Scattering cause radio 

signal distortions and signal fading. 

 

 

III. CHALLENGES WITH WIRELESS SENSOR 

NETWORK APPLICATION 

 
 

The main application areas for WSNs are categorized 

according to the type of Information measured or carried by 

the network. Applications, on top of the stack, set 

requirements that drive the selection of protocols and 

transmission techniques; at the other end, the wireless 

channel poses constraints to the communication capabilities 

and performance. Based on the requirements set by 

applications and the constraints posed by the wireless 

channel, the communication protocols and techniques are 

selected. 

 

Though wireless nature of WSNs has many advantages over 

wired network, it also includes some challenges when it 

comes to implementation or selecting the transmission 

technology. 

 

1. Security is the major concern in WSNs; it is easy for 

hackers to hack the network. We have to select the 

networking technology as well as security algorithm 

accordingly. 

2. Due to limited resources and dynamic topology, it is 

very difficult to design a reliable routing scheme for 

WSNs. 

3. In some application the sensors may be placed in 

harsh environment. Before designing the network or 

selecting the transmission technologies, the crucial 

environment conditions must be considered. 

4. Energy constraint is yet another crucial factor in 

Wireless Sensor Network because the sensor nodes 

have small battery size. To conserve energy, traffic 

scheduling and optimization of power consumption 

should be done. 

 

 

IV. DIFFERENT TRANASMISSION TECHNOLOGIES 

As large number of WSN applications use battery operated 

nodes, WPANs are used more often in Wireless Sensor 

Networks. Wireless Sensor Network is highly application 

specific in nature. Wireless communication in Wireless 

Sensor Networks is mostly based on standardized 

technologies around 802.11 and 802.15 standard families, 

also known as Wireless Local Area Networks (WLAN) and 

Wireless Personal Area Networks (WPAN) respectively. 

WLAN offers higher throughput & range at the cost of higher 

energy utilization compared to WPAN. As large number of 

WSN applications use battery operated nodes, WPANs are 

used more often in Wireless Sensor Networks. Let’s compare 

transmission capabilities, energy budget & geo-location 

accuracy for some of the prevailing technologies 

 

 

A). BLUETOOTH: Bluetooth wireless technology is a short- 

range communication system intended to replace the cables in 

WPANs. The key features of Bluetooth wireless technology 

are robustness, low power, and low cost. 

 

The technology has restricted performance characteristics 

by design; hence, its applicability to WSN is rather 

limited in most cases. The Bluetooth specification defines 

a low-power, low-cost technology that provides a 

standardized platform for eliminating cables between 

mobile devices and facilitating connections between 

products. Bluetooth 4.0 is designed to be more intelligent 

(hence: Bluetooth Smart) about managing those 

connections, especially when it comes to conserving 
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energy.[1] The new generation of Bluetooth technology 

places less emphasis on maintaining a constant stream of 

information. Instead, it focuses on sending smaller bits of 

data when needed and then puts the connection to sleep 

during periods of non-use. IEEE 802.15.1 standard, 

popularly known as Bluetooth, offers moderate data rates 

at lower energy levels. Due to this, it is ideally suited for 

high end WSN applications that require higher data rates 

with harder real time constraints. Bluetooth is used in star 

topology because of its basic characteristics. Bluetooth 

devices communicate with each other using set of standard 

Bluetooth profiles defined by standard body. 

 
B). Wi-Fi: Wi-Fi represents group of WLAN technologies 

defined under IEEE 802.11 standard body. In addition to 

transmission standards like 802.11a/b/g/n, it also includes 

802.11s standard for mesh networking. Wi-Fi technologies 

are capable of providing very high throughput (>100 Mbps) 

at longer range but required very high power budget. Also, 

Wi-Fi can locate end point location to the accuracy of several 

meters only. Because of this limitation, use of Wi-Fi is 

mostly restricted to devices with fixed power supply. It 

operates in unlicensed 2.4 GHz radio spectrum use Direct 

Sequence Spread Spectrum for modulation (DSSS), and has a 

range of about 50 meters default and it can be increased. . 
WNs typically transmit small volumes of simple data. For 

within-building applications, designers ruled out Wi-Fi 

(wireless fidelity, IEEE 802.11b) standards for sensors as 

being too complex and supporting more bandwidth than is 

actually needed for typical sensors. 

 

C).Wi-Max: Wi-MAX is a Wireless Man technology. Wi- 

MAX comes under Broadband Wireless Access and is based 

on IEEE 802.16 standard. It operates on both licensed and 

unlicensed band less than 6 GHz. seeking to deploy high- 

performing, cost-effective broadband wireless networks 

WiMAX provides two to four times the performance of 3G 

solutions today, with the ability to scale to ten times the 

performance in the future. WiMAX is more scalable than 

many other wireless technologies. It has two mandatory 

encryption modes which makes it more secure in its simple 

form. WiMAX has a better flexibility than Wi-Fi as it does 

not need Line-of-Sight with the base station. 

D). 3G: 3G enables increased data handling rates and high 

speed bandwidth; It ranges from 144 kbps to 2.4 Mbps. 

Implementation of 3G may be expensive for some 

applications. 3G systems have fixed bandwidth unlike 

WiMAX which can have variable bandwidth. These systems 

have higher complexities due to addition of multiple antenna 

support. 

E).UWB: Ultra wide band is a technology for transmitting 

information spread over a large bandwidth (>500 MHz) and it 

is ideally suited for short distance, high speed 

communications with very low power budget. As it is based 

on wide band technology, it can achieve very high geo- 

location accuracy to the sub-meter levels. UWB provides one 

of the best options for WSN networking only limited by its 

shorter range. 

It is a short range high speed wireless technology nearly 10 

times faster than 802.11b. UWB is designed to replace cables 

with short range, wireless connection but it offers the much 

higher bandwidth. UWB does not use an RF carrier. Thus it 

provides global interoperability. It uses frequency from 3.1 

GHz to 10.6 GHz. Because of the low power requirement it is 

feasible to be used in wireless sensor network. With the 

characteristics of low power, low cost and very high data 

rates at limited range it is positioned to be better than high 

speed WPAN. 

 

F). Zigbee: IEEE 802.15.4 wireless technology is a short 

range communication system intended to provide application 

with realized throughput and latency requirements in WPAN. 

ZigBee offers low complexity, low cost, low data rates at 

very low energy levels. Due to this, it is ideally suited for 

applications requiring infrequent smaller data transfers where 

battery life is an important issue[3]. This technology allows 

to basic topologies: star topology and peer to peer topology. 

 

Star topology preferable in case coverage area is small and 

low latency is required by the application. In latter, the area 

covered should be large and latency is not a critical issue 

 

6LowPAN: 6LowPAN is an open standard in order to use 

IPv6 over 802.15.4. 6LowPAN stands for IPv6 over Low- 

Power WPANs. It is a protocol definition describing how to 

utilize IPv6on top of low power, low data rate, low cost 

personal area network.[3] 

 

 

The fundamental difference between 6LowPan and Zigbee is 

the IP interoperability of the first. For an application in 

which there is no need to interface with IP devices or the 

packet size is small, it is not necessary to implement 

6LowPAN, which performs fragmentation. 

 

 

CONCLUSION 
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The aim of this article is to discuss some of the most relevant 

issues of WSNs, from the application, design and technology 

viewpoints. For designing a practical WSN solution, we need 

to select right technology with necessary customization. We 

have still not touched upon the challenges of designing 

miniature, low-power, accurate sensor systems for various 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

measurements. In summary, WSN offers some of the 

revolutionary applications for consumers & industry but its 

design & implementation needs to be carried   out. 

Cellular and WAN standards such as GPRS, WiMAX, and 

EDGE provide significant throughput and range, but these 

standards consume a significant amount of power, making 

them unfit as the communication protocol for long-term, and 

battery-powered deployments such as wireless sensor 

networks. 

 

Conversely, the Bluetooth protocol requires very little power, 

but does not provide adequate range for WSN systems in 

which communication distance requirements can be upwards 

of 100 to 500 meters. . For designing a practical WSN 

solution, we need to select right technology with necessary 

customization. For within-building applications, designers 

ruled out Wi-Fi standards for sensors as being too complex 

and supporting more bandwidth than is actually needed for 

typical sensors. WiMAX provides superior throughput and 

spectral efficiency compared to 3G and Wi-Fi. 
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 Technology Area 
covered 

Power 
consumption 

Interference 
resilience 

Complexity 
and cost 

Data rate Application 

1. Bluetooth ~100 
meters 

High High High Bluetooth: 

V1.2 = 

1Mbit/s 

V2.0 = 

3Mbit/s 

Health monitoring, environmental 

monitoring and security 

2. Wi-Fi Long up 

to 100 

meters 

500mW-1W Medium High High, 11 

Mbps for 

802.11b 

,100+Mbps 

for 

802.11n 

Generally used in LAN systems 

3. WiMAX radius 

of 30 

miles (50 

km) 

500mW-1W Medium Very High 30-40 
Mbits/s 

Residential users in a colony or society 

4. Zigbee Short, 
<30 
meters 

Low, 20 

mW-40mW 

Low Low Low, 250 

kbps 
Medical care application, Fire emergency 

5. UWB Short, 
<3o 

meters 

Low, 30mW High with 

high 

complexity 

receivers, 

low with 
simple 

Low, 

medium, 

high all are 

possible 

Medium, 

1Mbits/s 

mandatory 

Hospital locating, tracking in 

communication system 
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ABSTRACT 

 

Mobile Ad Hoc Networks are communication 

networks built up of a collection of mobile devices 

which can communicate through wireless 

connections. Routing is the task of directing data 

packets from a source node to a given destination. 

This task is particularly hard in Mobile Ad Hoc 

Networks: due to the mobility of the network 

elements and the lack of central control, routing 

algorithms should be robust and adaptive and work in 

a decentralized and self organizing way. In this 

paper, I will describe bees and ant based protocols 

which draws inspiration from Swarm Intelligence to 

obtain these characteristics. More specifically, 

borrow ideas from ant colonies and from the Ant 

Colony Optimization framework and bee nature .In 

an extensive set of research, I will compare bees and 

ants nature with a state-of-the-art algorithm, and 

show that it gets better performance over a wide 

range of different scenarios and for a number of 

different evaluation measures. In particular, I will 

explain that bees and ants based protocols scales 

better with the number of nodes in the network. 

 
 

1. INTRODUCTION 

 

In communications network research, there is 

currently an increasing interest for the paradigm of 

autonomic computing [14]. The idea is that networks 

are becoming more and more complex and that it is 

desirable that they can self organize and self 

configure, adapting to new situations in terms of 

traffic, services, network connectivity, etc.. To 

support this new paradigm, future network algorithms 

should be robust, work in a distributed way, be able 

to observe changes in the network, and adapt to them. 

Nature’s self-organizing systems like insect societies 

show precisely these desirable properties. Making use 

of a number of relatively simple biological agents 

(e.g., the ants) a variety of different organized 

behaviors are generated at the system-level from the 

local interactions among the agents and with the 

environment. The robustness and effectiveness of 

such collective behaviors with respect to variations of 

environment conditions are key-aspects of their 

biological Success. This kind of systems is often 

referred to with the term Swarm Intelligence. Swarm 

systems have recently become a source of inspiration 

for the design of distributed and adaptive algorithms, 

and in particular of routing algorithms. Routing is the 

task of directing data flows from sources to 

destinations maximizing network performance. It is 

at the core of all network activities. Several 

successful routing algorithms have been proposed 

taking inspiration from ant colony behavior and the 

related framework of Ant Colony Optimization 

(ACO) [8] and bee inspired protocols. Examples of 

ACO routing algorithms are AntNet [6] and ABC 

[19]. One type of networks where the need for 

autonomic control is intrinsically necessary are 

Mobile Ad Hoc Networks (MANETs) [17]. These are 

networks in which all nodes are mobile and 

communicate with each other via wireless 

connections. Nodes can join or leave at any time. 

There is no fixed infrastructure. All nodes are equal 

and there is no centralized control or overview. There 

are no designated routers: nodes serve as routers for 

each other, and data packets are forwarded from node 

to node in a multi-hop fashion. The ACO routing 

algorithms mentioned before were developed for 

wired networks. They work in a distributed and 

localized way, and are able to observe and adapt to 

changes in traffic patterns. However, changes in 

MANETs are much more drastic: in addition to 

variations in traffic, both topology and number of 

nodes can change continuously. Further difficulties 

are posed by the limited practical bandwidth of the 

shared wireless channel: although the data rate of 

wireless communication can be quite high, 

algorithms used for medium access control, such as 

IEEE 802.11 DCF[12] (the most commonly used in 
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MANETs), create a lot of overhead both in terms of 

control packets and delay, lowering the effectively 

available bandwidth. The challenges of autonomic 

control are therefore much bigger, and new designs 

are necessary to guarantee even the basic network 

functions. In the following, I describe AntHocNet, an 

ant inspired algorithmand bee inspired protocols for 

routing in MANETs. Building on ideas from previous 

work on ACO routing, in combination with 

techniques from dynamic programming, it is tailored 

to deal with the challenges posed by the extreme 

dynamics of MANET environments. I compare the 

algorithm with traditional approaches and show its 

superiority especially under those conditions where 

the difference with wired networks is more evident. 

Walso present results indicating that the algorithm is 

remarkably scalable. The rest of this article is 

organized as follows. First i introduce some 

necessary background, next i describe the algorithm, . 

 

2 Bees in nature 
 

A very interesting swarm in nature is honey bee 

swarm that allocates the tasks dynamically and adapts 

itself in response to changes in the environment in a 

collective intelligent manner. The honey bees have 

photographic memories, space-age sensory and 

navigation systems, possibly even insight skills, 

group decision making process during selection of 

their new nest sites, and they perform tasks such as 

queen and brood tending, storing, retrieving and 

distributing honey and pollen, communication and 

foraging. These characteristics are incentive for 

researchers to model the intelligent behaviors of bees. 

Before presenting the algorithms described to use 

intelligent behaviors and their applications, behavior 

of the colony is explained below: Bees are social 

insects living as colonies. There are three kinds of 

bees in a colony: drones, queen and workers. 

 

2.1 Queen bee 

 

Queen bee can live several years. She is the only egg- 

laying female who is the mother of all the members 

of the colony. The queen usually mates only once in 

her life and she fertilizes for two or more years by the 

sperms stored in the mating. After consuming the 

sperms, she produces unfertilized eggs and one of her 

daughters is selected as a queen in order to keep on 

egg-laying. A laid egg hatches into larva, pupate, 

adult bee, respectively. When the colony is lack of 

food sources, queen produces new eggs. If the colony 

becomes too crowded, the queen stops laying. A 

healthy queen bee can lay 2,000 eggs a day and 

175,000–200,000 eggs per year depending on the 

conditions mentioned. 

 
2.2 Drones 

 

Drones are the fathers of the colony, in other words 

drones are male bees. They are produced from 

unfertilized eggs, queens and workers produced from 

fertilized eggs which are fed differently as larvae. 

They never live more than 6 months. There are 

several hundred of drones in the colony in summer 

times. The primary task of a drone is to fertilize a 

new queen. Drones die after they mate with the 

queen. 

 

2.3 Workers 

 

They collect food, store it, remove debris and dead 

bees, ventilate the hive and guard the hive. Workers 

make the wax cells in which the queen lays eggs and 

feed the larvae, drones and queen by special 

substance or secretion of their salivary glands. The 

tasks of a worker bee are based on its age and the 

needs of the colony. In second half of her life, she 

works as a forager by initially leaving the hive for 

short flights in order to learn the location of the hive 

and the environment topology. They live for 6 weeks 

during summer times and 4–9 months during the 

winter times. 

 

2.4 Mating-flight 

 

The queen mates during her mating flights far from 

the nest. A mating flight starts after a dance 

performed by the queen bee. During the flight the 

drones follow the queen and mate with her in the air. 

A drone mates with a queen probabilistically 

according to queen’s speed and fitness of the queen 

and the drone. Sperm of the drones will be deposited 

and accumulated in the queen’s spermatheca to form 

the genetic pool of the potential broods to be 

produced by the queen. 

 

2.5 Foraging 

 

Foraging is the most important task in the hive. Many 

studies have investigated the foraging behavior of 

each individual bee and what types of external 

information (such as odor, location information in the 

waggle. 

 

Dance, the presence of other bees at the source or 

between the hive and the source) and internal 

information (such as remembered source location or 

source odor) affect this foraging behavior. Foraging 

process starts with leaving the hive of a forager in 

order to search food source to gather nectar. After 

finding a flower for herself, the bee stores the nectar 
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d 

 

 

in her honey stomach. Based on the conditions such 

as richness of the flower and the distance of the 

flower to the hive, the bee fills her stomach in about 

30–120min and honey making process begins with 

the secretion of an enzyme on the nectar in her 

stomach. After coming back to the hive, the bee 

unloads the nectar to empty honeycomb cells and 

some extra substances are added in order to avoid the 

fermentation and the bacterial attacks. Filled cells 

with the honey and enzymes are covered by wax. 

 

2.6 Dance 

 

After unloading the nectar, the forager bee which has 

found a rich source performs special movements 

called “dance” on the area of the comb in order to 

share her information about the food source such as 

how plentiful it is, its direction and distance and 

recruits the other bees for exploiting that rich source. 

While dancing, other bees touch her with their 

antenna and learn the scent and the taste of the source 

she is exploiting. She dances on different areas of the 

comb in order to recruit more bees and goes on to 

collect nectar from her source. There  are different 

dances performed by bees depending on the distance 

information of the source: round dance, waggle 

dance, and tremble dance. If the distance of the 

source to the hive is less than 100 meters, round 

dance is performed while the source is far away, 

waggle dance is performed. Round dance does not 

give direction information. In case of waggle dance, 

direction of the source according to the sun is 

transferred to other bees. Longer distances cause 

quicker dances . 

 

3AntHocNet 

 

AntHocNet is a hybrid multipath algorithm, designed 

along the principles of ACO routing. It consists of 

both reactive and proactive components. It does not 

maintain paths to all destinations at all times (like the 

ACO algorithms for wired networks), but sets up 

paths when they are needed at the start of a session. 

This is done in a reactive path setup phase, where ant 

agents called reactive forward ants are launched by 

the source in order to find multiple paths to the 

destination, and backward ants return to set up the 

paths. The paths are represented in 

pheromone tables indicating their respective quality. 

After path setup, data packets are routed 

stochastically as datagrams over the different paths 

using these pheromone tables. While a data session is 

going on, the paths are probed, maintained and 

improved proactively using different agents, called 

proactive forward ants. The algorithm reacts to link 

failures with either local path repair or by warning 

preceding nodes on the paths. An earlier version of 

the algorithm described here . 

 

3.1. Reactive path setup 

 

When a source node s starts a communication session 

with a destination node d, and it does not have 
routing information for d available, it broadcasts a 

reactive forward ant Fsd .Due to this initial 
broadcasting, each neighbor of s receives a replica of 

Fsd. We refer to the set of replicas which originated 

from the same original ant as an ant generation. The 
task of each ant of the generation is to find a path 

connecting s and d. At each node, an ant is either 

unicast or broadcast, according to whether or not the 
node has routing information for d. The routing 

information of a node i is represented in its 

pheromone table Ti. The entry Ti nd € R of the table is 

the pheromone value indicating the estimated 

goodness of going from i over neighbor n to reach 
destination d. If pheromone information is available, 

the ant chooses its next hop n with probability Pnd: 
 

Where Ni is the set of neighbors of i over which a 

path to d is known, and b is a parameter value which 

can control the exploratory behavior of the ants 

(although in current experiments b is kept to 1). 

If no pheromone is available for d, the ant is 

broadcast. Due to this broadcasting, ants can 

proliferate quickly over the network, following 

different paths to the destination (although ants which 

have reached a maximum number of hops, related to 

the network diameter, are killed). When a node 

receives several ants of the same generation, it 

compares the path travelled by each ant to that of the 

previously received ants of this generation: only if its 

number of hops and travel time are both within an 

acceptance factor a1 of that of the best ant of the 

generation, it will forward the ant. Using this policy, 

overhead is limited by removing ants which follow 

bad paths. However, it does have as an effect that the 

ant which arrives first in a node is let through, while 

subsequent ants meet with selection criteria set by the 

best of the ants preceding them, so they have higher 

chances of being killed. Duplicate ants which result 

from a broadcast of the best ant just before it reaches 

the destination are close in performance to the best 

ant and have higher chances of being accepted. The 

result is a set of ‘kite-shaped’ paths, as shown by the 

solid line arrows in Figure 1. In order to obtain a 

mesh of sufficiently disjoint multiple paths, which 

provides much better protection in case of link 
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failures, we also consider in the selection policy the 

first hop taken by the ant. If this first hop is different 

from those taken by previously accepted ants, we 

apply a higher (less restrictive) acceptance factor a2 . 

 
3.2. Stochastic data routing 

 

Nodes in AntHocNet forward data stochastically. 

When a node has multiple next hops for the 

destination d of the data, it randomly selects one of 

them with probability Pnd. Pnd is calculated in the 

same way as for reactive forward ants (Equation 1), 

but with a higher b exponent (set to 2), in order to be 

more greedy with respect to the better paths. 

According to this strategy, we do not have to choose 

a priori how many paths to use: their number is 

selected automatically in function of their quality. 

The probabilistic routing strategy leads to data load 

spreading according to the estimated quality of the 

paths. If the estimates are kept up-to-date (which is 

done using the proactive ants described in Subsection 

3.3), this leads to automatic load balancing. When a 

path is clearly worse than others, it will be avoided, 

and its congestion will be relieved. Other paths will 

get more traffic, leading to higher congestion, which 

will make their end-to-end delay increase. By 

continuously adapting the data traffic, the nodes try 

to spread the data load evenly over the network. 

 

3.3. Proactive path probing, maintenance 

and exploration While a data session is running, the 

source node sends out proactive forward ants 

according to the data sending rate (one ant every n 

data packets, where n was 5 in the experiments). 

They are normally unicast, choosing the next hop 

according to the pheromone values using the same 

formula as reactive forward ants (Equation 1), but 

also have a small probability at each node of being 

broadcast (this probability was set to 0.1 in the 

experiments). This way they serve two purposes. If a 

forward ant reaches the destination without a single 

broadcast it probes an existing path. It gathers up-to- 

date quality estimates of this path, and the backward 

ant updates the pheromone values of intermediate 

nodes, just like reactive backward ants do. If, on the 

other hand, the ant got broadcast at any point, it 

leaves the currently known paths and explores new 

ones. After a broadcast, the ant arrives in all 

neighbours of the broadcasting node. It is possible 

that in these neighbours it does not find pheromone 

for its destination, so that it needs to be broadcast 

again. The ant will then quickly proliferate and flood 

the network, like reactive forward ants do. To avoid 

this, we limit the number of broadcasts to nb (set to 2 

in the tests). If the proactive ant does not find routing 

information within nb hops, it is killed. The effect of 

this is that the search for new paths is concentrated 

around the current paths, so that we are looking for 

path improvements and variations. To guide the 

forward ants better, we use hello messages. These are 

short messages (in our case containing just the 

sender’s address) broadcast every 1/4 seconds by the 

nodes (e.g.   ¼ 1 sec). If a node receives a hello from 

a new node n, it adds n in its routing table. After that 

it expects a hello from n every thello seconds. After 

missing a certain number of hello’s (allowed- hello- 

loss ¼ 2 here), n is removed. Using these messages, 

nodes have pheromone information about their 

immediate neighbours in their routing table. So when 

an ant arrives in a neighbor of its destination, it can 

go straight to its goal. Looking back at the ant colony 

inspiration of our model, this can be seen as 

pheromone diffusion: pheromone deposited on the 

ground diffuses and can be detected also by ants 

further away. In future work we will extend this 

concept to give better guidance to the exploration by 

proactive ants. Hello messages also serve another 

purpose: they allow to detect broken links. This 

allows nodes to clean up stale entries from their 

routing tables. 

 

3.4. Link failures 

Each node tries to maintain an updated view of its 

immediate neighbors at any time, in order to detect 

link failures quickly, before they can lead to packet 

losses. The presence of a neighbor node can be 

confirmed when a hello message is received, or after 

any other successful interception or exchange of 

signals. The disappearance of a neighbor is assumed 

when such an event has not taken place for a certain 

amount of time, defined by hello _ allowed-hello- 

loss, or when a unicast transmission to this neighbor 

fails. When a neighbor is assumed to have 

disappeared, the node takes a number of actions. 

First, it removes the neighbor from its neighbor list 

and all associated entries from its routing table. Then 

it broadcasts a link failure notification message. This 

message contains a list of destinations to which the 

node lost its best path, and the new best estimated 

end-to-end delay and number of hops to this 

destination (if it still has entries for the destination). 

All its neighbors receive the notification and update 

their pheromone using the new estimates. If they in 
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turn lost their best or their only path to a destination 

due to the failure, they also broadcast a notification, 

until all concerned nodes are notified. If the link 

failure was discovered due to the failed transmission 

of a data packet, and there is no other path available 

for this packet, the node tries to locally repair the 

path (and does not include this path in the link failure 

notification). The node broadcasts a path repair ant 

that travels to the involved destination like a reactive 

forward ant: it follows available pheromone when it 

can and is broadcast otherwise. One difference is that 

it has a maximum number of broadcasts (two in our 

tests) so that proliferation is limited. The node waits 

for some time (empirically set to five times the 

estimated delay of the lost path), and if no backward 

repair ant is received, it concludes that it was not 

possible to repair the path. Packets which were in the 

meantime buffered for this destination are discarded, 

and the node sends a link failure notification about 

the lost destination. Link failure notifications keep 

routing tables on paths up to- date about upstream 

link failures. However, they can sometimes get lost 

and leave dangling links. A data packet following 

such a link arrives in a node where no further 

pheromone is available. The node will then discard 

the data packet and unicast a warning back to the 

packet’s previous hop, which can remove the wrong 

routing information. 

 

4. CONCLUSIONS AND FUTURE WORK 

 

In this paper I have discussed about swarm 

intelligence in manets . Also discussed about the 

types of manet protocols based on swarm 

intelligence- bee in nature and anthoc net. 

AntHocNet is inspired by the stigmergy-driven 

shortest paths following behaviour of ant colonies 

and the related bee optimization framework. Bee 

inspired protocols delivers the same/better 

performance as that of the state-of-the-art algorithms 

but at a significantyl smaller energy expenditure. In 

future there is a lot of scope and researches ans 

simulations have to be done on these protocols. 
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Abstract—MANET is a type of infrastructure less wireless 

communication technology. MANETs are widely used in the worst 

case scenario and in military applications. There is several design 

issues are considered in MANETs such as power management, 

QOS, multicasting etc. In this paper we are representing a brief 

survey regarding the power related issues and energy management 

issues such as routing techniques. Because power consumption is 

the one of the most important design issues in MANET. 
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I. INTRODUCTION 

In last few decades wireless communication network is one of 

the fast growing technology that allow the users to access the 

services and information electronically regardless their 

electronic position. Ad-hoc is a Latin word which means “for 

this purpose”. The term “Ad-hoc” tends to 

imply “can take different forms” and “can be mobile, stand 

alone, or networked.”[2]. MANET is a type of Infrastructure 

less wireless communication technology. Ad-hoc network 

may be also defined as: “An Ad-hoc network is a collection of 

two or more devices equipped with wireless communications 

and networking capability.”[2]. MANET is a type of 

distributed control wireless network and is self-organized, 

self-configured wireless network. In MANET mobile nodes 

are connected by means of wireless link. MANET supports the 

dynamic network topology. 

 
Ad Hoc wireless network has applications in [4] 

- rescue operations 

 
n hostile terrain, etc. 

 

 
Figure 1.1 Example of Ad-hoc networks 

 

Figure 1.1 shows an example of Ad-hoc networks. In this 

example communication between four computers is shown. 

II. ENERGY MANAGEMENT 

Since the mobile nodes are battery operated in MANET so the 

energy management is one of the crucial design concerns in 

MANET. In MANET each and every process consumes 

power. To increase the life time of nodes as well as network 

energy management is necessary. In MANET Power 

management is done at different level for example MAC layer, 

Network layer etc. In this paper we are concentrating on 

network layer energy issue and related problems and the 

routing protocols that are used to increase the life time of node 

during the transmission and reception of data packets. Energy 

management may be defined as “The process of managing the 

energy of the sources and consumers in a node or in a network 

as a whole for enhancing the life time of the node”. [1]. As we 

know that, if the energy efficiency is higher than more number 

packets can be transmitted by the node with the given amount 

of energy. Need of energy management.[1] 

 

Challenges: [4] 

 

 

III. ENERGY/ POWER CONSUMPTION MODE IN 

MANET 

There are four important power components [5] through which 

a wireless network. 

The four power components states are following:- 

 
A. Transmission Power 

 

-hop communication 

 

Lack of centralized control 
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Where 

B. Receiving Power 

C. Idle Power 

D. Over hearing Power 

 

Transmission Power 

 

Whenever a node sends a data packet to other nodes in the 

network, it requires some amount of energy for its 

transmission, such amount of energy is known as 

Transmission Energy of that node. [6] Transmission Energy 

depends on the size of the data packet. On sending the data 

Packet, some amount of power is consumed. 

The transmission energy of a node can be written as, 

 

Also transmission power can be written as 
 

 

 
Where, 

 

 
Reception Power 

Whenever a node a data packet from other nodes then some 

amount of energy is taken by the node to receive data packet, 

known as reception energy ( . [6] 

On receiving the data packet some amount of power is 
consumed. 

Reception energy can be written as, 
 

Also reception power can be written as, 
 

 

 
 

 

Idle Power 

 

In the sititutaion of idle power mode, a node neither transmits 

nor receives any data packets. Power is consumed because it 

needs to listen to the wireless medium continuously in order to 

detect a data packet that it should receive. 

Idle power is wasted power that should be eliminated or 

reduced to minimum [6] 

Idle power can be written as 

 

 

Overhearing Power 

 

In this case a node picks up the data packets that are 

destined to the other nodes and this is called over 

hearing . It may consume power. And the power consumption 

during this stage is called as over hearing power .Over hearing 

power can be written as,[6] 

 

 
IV. ENERGY/POWER EFFICIENT ROUTING TECHNIQUE 

To increase the life time of a network, we should have to 

minimize the node energy not during active communication 

but also when they are in inactive state. 
There are following energy/power aware routing approaches 

that are used to minimize the energy of a node during active 

and inactive state. [7] 

 

Table -IV.1: Energy/power efficient routing protocols 

technique. 

Condition Name of Approach Purpose 

  The total 
 

Transmission 

Power Control 

Approach 

transmission 

energy is 

minimized by 

avoiding low 
  energy nodes. 

Minimize Active 

Communication 

Energy 

Load Distribution 

Approach 

Distribute load to 

energy comfortable 

nodes. 

  Minimize the 
 

Power 

Management 

Approach 

energy 

consumption by 

using separate 
channels for data 

  and control 

  
Minimize energy 

Minimize Inactive Sleep/Power Down consumption when 

Energy Approach node is in idle 
  state. 
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V. POWER SAVING TECHNIQUES AT DIFFERENT 

PROTOCOL LAYERS 

The Power saving techniques used at different protocols layers 

are given below in given table. 

 

Table V.1 Power Saving Techniques at Different Layers [2] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
VI. POWER/ENERGY AWARE METRICES 

The main objective of power aware metrices is to carefully 

share the cost of routing which will ensure that node and 

network life increases. I.e. most of the energy efficient routing 

protocols for MANET try to reduce energy consumption by 

means of an energy efficient routing metric used in routing 

table instead of the minimum hop metric. 

 
These power aware metrics [8] result in power efficient routes, 

which are detailed below. 

A. Minimize energy consumption per packet 

B. Minimize cost per packet 

C. Minimum variance in node power levels 

D. Maximize network connectivity 

 

VI.I Minimize Energy Consumption Per Packet [1] 

 
An efficient method that conserves power efficiently. 

Let   us   assume the some packet   j traverses 

nodes. 

Where 

 

Let T (a, b) denotes energy consumed in transmitting and 

receiving are packet over one hop from a to b. 

Energy consumed for packet j can be written as 
 

 

 
The energy consumption is the sum of power consumed on 

every hop in the path from packet. power consumption on a 

hop is a function of the distance between the neighbor and the 

load of the hop[18] .It is useful for shortest distance. 

 

VI.II Minimize Cost per Packet 
This metric is used to maximize the life of all nodes in the 

network. The path selected using this metric should be such 

that nodes with depleted power serves do not lie on many 

paths. Basically it minimizes the maximum cost per nodes for 

a packet after a specific period. [9] 

 

VI.III Minimum Variance in Node Power Level 
In this metric, load is distributed among all the nodes , hence 

power Consumption remains same form to all nodes.The 

problem is very complex when the route and size of data 

packets vary. When node has the same level in power then the 

network function longer. [1] 

 

VI.IV Maximize Network Connectivity 
It attempts to balance the routing load among all the nodes in 

the network. It assumes significance in environments where 

network connectivity is to be ensured by uniformly 

distributing the routing load. [1] 

 

VII. ENERGY/POWER AWARE ROUTING 

 

Routing in MANET is unique due to the following reason 

A. Energy of node is battery dependent 

B. Due to mobility of nodes frequent failure of routes 

C. Variation in the bandwidth of channel. 

 

Energy aware routing is the best solution to these problems. 

[9] Main aim of energy aware routing protocols is to reduce 

energy consumption during the transmission of packets 

between source and a destination through, and avoid routing 

of packet through nodes with low energy, to optimize flooding 

of routing information over network and to avoid interference 

and medium collision. 

 
VIII. CONCLUSION 

As we know that the node in MANET is battery orientated and 

consumes power whenever they are active or inactive. So to 

increase the life time of a node it is necessary that power 

consumption may be reduced during active and in active 

communication mode. In this paper we have produced some 

techniques and approaches that are useful in conservation of 

power. As we see that it is one of the emerging fields in 

wireless infrastructure less communication network so it more 

advanced required in the designing of network and system. 

Protocol Layer Power Saving Techniques 

 

 
Data Link Layer 

Avoids unnecessary 
transmissions. 

Avoids Collisions in channel 
access whenever possible. 

Turn off when not 
transmitting or receiving. 

 

 

Network Layer 

Consider route relaying load. 

Consider battery life in route 
Selection 

Optimize size of control 
overheads. 

Efficient route 
reconfiguration techniques. 

 

 
Transport Layer 

Avoid repeated 
retransmissions 

Handle packet loss in 
localized manner 

Use power   efficient   error 
control schemes 

Application Layer Adopt an   adaptive   mobile 
quality of (Qos) frame work. 
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Therefore more research are required in the field of power 

management. 
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Abstract: Electricity theft is at the centre of focus all over the 

world but electricity theft in India has a significant effect on 

the Indian economy, as this figure is considerably high. While 

technology in on the raising slopes, we should also note the 

increasing immoral activities. With a technical view, Power 

Theft is a non –ignorable crime that is highly prevent, and at 

the same time it directly affected the economy of a nation. 

Electricity theft is a social evil, so it has to be completely 

eliminated. Power consumption and losses have to be closely 

monitored so that the generated power is utilized in a most 

efficient manner. 

Power theft is the biggest problem now days, which causes 

huge loss to electricity boards. And to cover these losses 

ultimately, price are increased. So if we can prevent these 

thefts, we can save lot of power. By keeping track of 

electricity used, you determine where the greatest opportunity 

for energy savings lies. This project of ours is aimed at 

reducing the heavy power and revenue losses that occur due to 

power theft by the customers. Becoming aware of overall 

energy use involves keeping track of the readings on the 

readings on the electric meter. The normal practice for power 

theft is to short the input and output terminals or to place a 

magnet on the wheel in care of old meters. So by sensing 

current flow through the line & energy feedback we can 

prevent it using a circuit breaker. 

 

1. Introduction: 

Electricity theft is at the center of focus all over the world but 

electricity theft in India has a significant effect on the Indian 

economy, as this figure is considerably high. While 

technology in on the raising slopes, we should also note the 

increasing immoral activities. With a technical view, Power 

Theft is a non –ignorable crime that is highly prevent, and at 

the same time it directly affected the economy of a nation. 

Electricity theft is a social evil, so it has to be completely 

eliminated. Power consumption and losses have to be closely 

monitored so that the generated power is utilized in a most 

efficient manner. 

 

The system prevents the illegal usage of electricity. At this 

point of technological development the problem of illegal 

usage of electricity can be solved electronically without any 

human control .The implementation of this system will save 

large amount of electricity, and there by electricity will be 

available for more number of consumer then earlier, in highly 

populated country such as INDIA. 

In this system, a micro controller is interfaced with an energy 

metering circuit, current sensing circuit, RF communication 

link, & a contactor to make or break power line. At the sub- 

station end, a pc is connected with a RF link to communicate 

with all energy meters &a buzzer in normal condition, micro 

controller reads energy pulses & current signals. If current is 

drawing &energy pulses are normal, then no power theft is 

being done & the o/p is connected. If current is drawing & 

energy pulses are not coming, then it indicates that power 

theft. 
 

For implementing this system we have designed two sections: 

 Transmitter Section 

 Receiver section 

The Transmitter section is placed at consumer house while 

receiver section is placed at nearby local substation. 

The general block diagram of the system together is given 

below 

 

Regulated Power Supply: - The regulated power supply 

converts the standard 220 volts, 50 or 60 Hz AC available at 

wall outlets into a constants DC voltage. It is one of the most 

common electronics circuits that we can find. The DC voltage 

produce by a power supply is used to power all the types of 

electronic circuits, such that television receiver, stereo system, 

CD players and laboratory equipment. 

 

The regulated dual voltage DC power supply is to be used for 

the FM receiver. The regulated power supply is to provide the 

necessary dc voltage and current, with low levels of ac ripple 
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and with stability and regulation. 

 

There are various methods of achieving a stable dc voltage 

from ac mains. The two methods are more commonly used. 

These are used; 

(i) a linear voltage regulator and 
(ii) A switching mode regulator. 

Several types of both linear and switching regulators are 

available in integrated circuit (IC) form. By using the linear 

voltage regulator method, we must get the regulated dual dc 

power supply. 
 

Regulated power supply is an electronic circuit that is 

designed to provide a constant dc voltage of predetermined 

value across load terminals irrespective of ac mains 

fluctuations or load variations. 

A regulated power supply essentially consists of an ordinary 

power supply and a voltage regulating device, as illustrated in 

the figure. The output from an ordinary power supply is fed to 

the voltage regulating device that provides the final output. 

The output voltage remains constant irrespective of variations 

in the ac input voltage or variations in output (or load) current. 

 

2. Working: 

This section applied in the houses with energy meter. In the 

transmitter section, at the time of theft the energy meter sensor 

and line sensor reads and calibrates the pulses. The detector 

detects the theft and the output of it is amplified using high 

power amplifier. The amplified signal is fed to level 

comparator. 

 

Level comparator is set to given reference value. In normal 

condition the input signal value is lower than reference signal 

value and provides logic 1 to MCU. But in abnormal 

condition, the input signal value exceeds the set reference 

value and provides logic 0 to MCU. The MCU unit works on 

conditional logic of “If – then – else” and produces output to 

encoder. The encoder encodes the signal into assembly 

language and transmits it to RF Transmitter for transmission 

through antenna. 

 

3. Electricity Theft: 

Generation, transmission and distribution of electrical energy 

involve many operational losses. Whereas, losses implicated 

in generation can be technically defined, but T&D losses 

cannot be precisely quantified with the sending end 

information. This illustrates the involvement of nontechnical 

parameters in T&D of electricity. Overall technical losses 

occur naturally and are caused because of power dissipation in 

transmission lines, transformers, and other power system 

components. Technical losses in T&D are computed with the 

information about total load and the total energy billed. NTL 

cannot be precisely computed, but can be estimated from the 

difference between the total energy supplied to the customers 

and the total energy billed. 

 

NTL are caused by the factors external to the power system. In 

many developing countries, NTL are a serious concern for 

utility companies as they account to about 10 to 40% of their 

total generation capacity. Data regarding NTL is uncertain and 

it is very difficult to analyze theft in terms of actions that 

cause these losses. Electricity theft forms a major chunk of the 

NTL. Electricity theft includes bypassing, tampering with the 

energy meter and other physical methods to evade payment. 

Illegal tapping of electricity from the feeder and tampering 

with the meter are the most identified and accounted ways of 

theft. 

 

Electricity theft can also be defined as, using electricity from 

the utility company without a contract or valid obligation to 

alter its measurement is called electricity theft. 

 

Embedded systems - a combination of software, hardware 

and additional mechanical parts that together forms a 

component of a larger system, to perform a specific function. 

It's a technology, characterized by high reliability, restricted 

memory footprint and real time operation associated with a 

narrowly defined group of functions. Automation has made 

the art of living comfortable and easy. "Technology have 

taken the world by storm performance ratings and 

exceptionally value for money prices" .Our project throws 

light on automated monitoring of theft identification, which is 

an application of embedded controllers ‘Electricity theft' as 

covered in this project encompasses areas itemize known as 

'Illegal uses or by bypassing it completely. 

 

Many developing countries confront widespread theft of 

electricity from government owned power utilities. In India 

electricity theft leads to annual losses estimated at US$4.5 

billion, about 1.5 percent of GDP. The losses, experts say, are 

currently 29% of the total generation which equals a shocking 

Rs 45000 crore in the fiscal year 2009-10. According to 

experts, if not for these losses over decade now, India could 

have built two mega power plants of around 4,000 MW 

capacity every year power losses in 2001-02 was 32.86% and 

increased to 34.78% in 2003-04.in 2008-2009, it stood at 

28.44% but currently the figure is again 29%.it is as high as 

51% in Jharkhand, 45% in Madhya Pradesh and 40% in Bihar. 

Who are the losers? Honest consumers, poor people, and those 

without connections, who bear the burden of high tariffs, 

system inefficiencies, and inadequate and unreliable power 

supply. Line faults may be caused due to over current or earth 

fault. If there happens to be a connection between two phase 

lines then over current fault occurs. Earth fault occurs due to 

the earthing of phase line through cross arm or any other way. 

Now in India, there is not any technique to detect the specific 

location of the fault immediately. Power theft is one of the 

major problem faced by Indian electrical system. 

 

These problems can be solved effectively through this project. 

By the proposed architecture the above mentioned problems 

can be solved. The motivation for us to take up this project is 

the current inefficient distribution system of the electricity 
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boards all over the world. Also the present inability of the 

authorities in applying the existing laws in a stringent form 

has encouraged more and more people to involve in such 

unlawful activities. In case we develop an effective system to 

remotely monitor the use of power and are able to detect 

power theft at the exact location in a accurate and cost 

effective way, such huge losses can be prevented. This kind of 

money could definitely be used for the development of the 

quality of electricity board and its service. The severe power 

shortage can be overcome by the implementation of our 

simple system. More over this kind of implementation of 

proper billing to all the customers would reduce the reckless 

use of power and would surely help us to build a greener and 

more eco-friendly environment for ourselves. As the majority 

of the power we generated is by burning coal, which adds to 

the already severe problem of the greenhouse effect.Thus our 

group has been motivated to bring up this completely unique 

method of remotely sensing power theft in most of the 

possible ways. 

 

4. Effects of Electricity Theft: 

Negative effects of electricity theft are severe and dangerous. 

Primarily, electricity theft affects the utility company and then 

its customers. In addition, electricity theft overloads the 

generation unit. In energy market, utility companies expect 

their money back from the customers for the electricity 

supplied, most of which is lost by them due to the NTL (Non- 

technical losses).Electricity theft is a serious concern for 

utility companies as they are under threat of survival because 

of these incurring economic losses. It is evident that some 

utility companies in developing countries are losing about 10 

to 30 percent of their total revenue, which shows that they 

could not invest on measures to reduce the electricity theft. 

These economic losses affect the utility company’s interest in 

development of the devices in view of improving the quality 

of supply or for electrification process. 

 

5. Identification of Theft 

A. Financial Rewards: Utility companies encourage 

consumers to report electricity theft, sometimes offering big 

rewards for information leading to conviction of anyone 

stealing electricity. Unfortunately, most cases are never 

identified in the apartment industry due to lack of timely 

information. 

B. Periodic Checks: Electricity theft frequently takes place 

after service has been disconnected. Some utility companies 

periodically check disconnected meters if the customer has not 

contacted them to reconnect service. This labor-intensive, 

manual process has little chance of success given that the 

apartment industry averages 70% turnover of tenants annually. 

C. Meter Readers: Utility meter readers typically suspect that 

electricity theft is taking place when they find a broken meter 

tag or other signs of tampering. But as more utility companies 

outsource the meter reading function to third parties, training 

meter readers to detect theft is becoming more difficult and 

less efficient. In addition, third party meter readers do not read 

disconnected meters. 

 

6. Previous Power Theft Detection work: 

Bandim C.J. et al. proposed utilization of a central observer 

meter at secondary terminals of distribution transformer. 

Vigilant energy metering system (VEMS) is an advanced 

energy metering system that can fight against electricity theft 

Nagi J. et al. proposed a novel approach of using genetic 

algorithm- support vector machines (GA-SVM) in detecting 

electricity theft. 

 

Modern detecting tools: There are many modern tools that 

assist in power theft identification. Some of them are:- 

 Tamper proof seals and labels. 

 Meter leaders. 

 Tamper resistant screws / locks. AC Check meter and 

remote meter readers. 

 Tamper alarms and sensors. 

 

Detection and estimation of theft: 

Researchers have proposed and developed several techniques 

for detection and estimation of electricity theft. Of which, a 

few methods are illustrated in this section. Total phase 

currents at all the distribution transformers and feeder lines 

over a period of time are collected. These two values of the 

current are compared to estimate the total electricity being lost 

by the utility company in the form of theft. 

 

Bandim C.J. et al. proposed utilization of a central observer 

meter at secondary terminals of distribution transformer. 

Value of energy read by the central observer meter is 

compared with the sum of energy consumption values read by 

all energy meters in range. These two values of the current are 

compared to estimate the total electricity that is being 

consumed illegally. Vigilant energy metering system (VEMS) 

is an advanced energy metering system that can fight against 

electricity theft. It has the ability to collect, transfer and 

process data between other energy meters, local station and 

base station. It also identifies probable locations of theft and 

helps the utility companies to control theft. A remote billing 

system can also be developed modifying this model. 

 

Illegal consumption of electricity can be detected using a 

remote check meter based on the amount of losses and the 

time stamp of the check meter. This method is implemented 

before inspecting the illegal consumers personally by the 

vigilance officials, based on the data at proper frequency of 

the consumer measurements. 

Analysis Of Losses In Power Systems: Losses incurred in 

electrical power systems have two components: 

• Technical losses and 

• Non-technical losses (Commercial losses) 

Technical Losses-Technical losses will always arise as the 

physics of electricity transport means that, no power system 

can be perfect in its delivery of energy to the end customer. 

The instantaneous power loss. Plot (t) in a transmission line 

can be expressed as: 

 

P (t) P (t) P (t) loss source load = − 1 

Where P source (t) is the instantaneous power that the source 

injects into the transmission line and P load (t) is the 

instantaneous power consumed by the load at the other end of 
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the Non-Technical Losses (Commercial Losses)-Losses 

incurred by equipment breakdown are quite rare. These 

include losses from equipment struck by lightning, equipment 

damaged by time and neglect. Most power companies do not 

allow equipment to breakdown in such a way and virtually all 

companies maintain some form of maintenance policies. Other 

probable causes of commercial losses are: 

• Non-payment of bills by customers 

• Errors in technical losses computation 

• Errors in accounting and record keeping 

that distort technical information. 

• Inaccurate or missing inventories of data 

on customers. 

 

7. Conclusion: 

This paper defines electricity theft in social, economic, 

regional, political, infrastructural, literacy, criminal and 

corruption points of view. This paper illustrates various cases, 

issues and setbacks in the design, development, deployment, 

operation, and maintenance of electricity theft controlling 

devices. In addition, various factors that influence people to 

steal electricity are discussed. 

 

We by this design would like to conclude that the power theft 

can be effectively curbed by detecting where the power theft 

occurs inform the authorities. Also an automatic circuit 

breaker may be integrated to the unit so as to remotely cut off 

the power supply to the house or consumer who tries to 

indulge in power theft. 

 

The ability of our system to inform or send data digitally to a 

remote station using wireless radio link adds a large amount of 

possibilities to the way the power supply is controlled by the 

electricity board. 

 

We have come up with is fool proof when it comes to 

detecting and preventing the power theft as, we have taken 

into consideration a large number of possibilities in which the 

power theft may occur and have designed accordingly to 

prevent it. 

 

Thus by the above mentioned design we can successfully and 

effectively address the problems related to power theft by the 

consumers, in a completely automated, wire-free, cost 

effective and most importantly a reliable way. 
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Abstract— In this paper a linearized Heffron-Philips model of a 

Single Machine Infinite Bus (SMIB) power system stabilizer is 

analysed with and without controller using MATLAB simulation. 

Power System Stabilizer (PSS) is compared for different 

functions. The effectiveness of PSS is providing damping and 

improving the dynamic response is well established. For PSS, 

speed deviation and acceleration deviation are taken as inputs. 

Comparison of the effectiveness (steady state error, ess, 

overshoot (Mp) and settling time ( ts) of PSS for different 

functions with conventional PSS and without PSS is done. The 

performance of the SMIB system has improved significantly 

compared to SMIB system without PSS/with PSS. The results of 

the simulation show that for low frequency oscillations, PSS is 

more effective in damping compared to conventional controllers. 

A Fuzzy Logic Power System Stabilizer for different membership 

functions is proposed. 

 
Keywords— Heffron-Philips model, Power system stabilizer, 

Steady state error, Stability, Controller, Maximum overshoot, 

settling time. 

an easy method to draw the definite conclusion from hazy, 

uncertain or inexact information. So in this paper the 

comparison is done between the PSS with and without 

controller and an attempt is made to analyse fuzzy logic based 

power system stabilizer model. The paper is organized as 

follows; Section 2 describes the modelling of power system. 

The designs of the conventional power system stabilizer with 

results. Section 3 Comparison of Power system stabiliser with 

and without controller is made and Fuzzy logic is analysed for 

improving the system stability in section 4. The conclusion is 

mentioned in section 5. Appendix A includes various 

parameters of the system and controllers. 

II. MODELLING OF POWER SYSTEM 

SMIB (Single Machine Infinite Bus) system consists of a 

synchronous machine connected to an infinite bus through a 

transmission line. 

I. INTRODUCTION 

In the present scenario of modern era the stability of electric 

power system is one of the most important concerns in any 

electric power system network. This can be traced from the 

fact that in steady state the average electrical speed of the 

generators must be in synchronism. The stability of power 

system can be defined as that property. 

Power system stability [1] can be classified into: Transient 

stability and Small signal stability. Transient stability of a 

system was conventionally suppressed using AVR (Automatic 

voltage regulator), has the electric system has been seen with 

oscillations of frequencies ranging from .1 to 2 Hz. These 

regulators have high gain leading to destabilizing effect on 

power system and also these are designed for specific 

operating condition hence limiting to specific level of 

performance [2]. Heffron and Phillips model of SMIB 

represent a single synchronous generator connected to the grid 

through a transmission line. This model is being analysed for 

stability study using Controller and Without Controller PSS. 

Further, the PSS is analysed by fuzzy logic control. Fuzzy 

Logic [3-5] has the features of simple concept, easy 

implementation, and computational efficiency. This provides 

 
 

 

Fig. 1 Single machine infinite bus system (SMIB) 

 

The fourth-order nonlinear system is described by the 

following set of equations. 

 
 

= y 

 

= + D. ) 

 
= 
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Fig. 3 shows Output of SMIB system without PSS (a) 

Speed Deviation (Δω) (b) Power angle Deviation (Δδ) of 

Generator. 
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CONTROLLER 

Controller is a device fabricated in a chip form, analogue 

electronics, or computer that supervise and actually alters the 

working conditions of a considered dynamical system. This 

paper deals with two types of power system controllers 

discuss below; 

 
 

A. CONVENTIONAL POWER SYSTEM STABILIZER (CPSS) 

 
The Power System Stabilizer is used to provide a sufficient 

damping to electromechanical oscillations in SMIB energy 

system. So CPSS [7-11] is used to achieve desired transient 

behaviour and low steady state error. The Lead-Lag 

combination of compensator is used as Lead-Lag controller 

PSS. The input to controller is speed deviation         .The PSS 

Fig. 2 MATLAB/SIMULINK Model of Heffron and Phillips 

without Controller 

Fig.2. shows the block diagram of Single Machine infinite bus 

(SMIB) power system model. This diagram was developed by 

Heffron and Phillips so to represent a single synchronous 

generator connected to the grid through a transmission line. 

Heffron and Phillips model [6] is a linear model. It is quite 

accurate for studying LFOs and stability of power systems. It 

has also been successfully used for designing classical power 

system controllers, which are still active in most power 

utilities. 

: 

 
(a) 

 

(b) 

as represented in Fig. 3 has three components. These are phase 

compensation block, signal washout block and gain block. 

 

 

Fig. 4. Structure of conventional lead-lag controller 
 

The controller gain Ks is an important factor as the damping 

provided by the PSS increase in proportion to an increase in 

the gain up to a certain critical gain value, after which the 

damping begins to decrease. The phase compensator block is 

used to make the system "settle down" quickly. The outcome 

value of the controller has to be gradually drawn towards zero 

in steady state condition. Therefore a washout transfer 

function [Tw. S / (Tw.S+1)], which has a steady state gain 

zero is used. The value of washout time constant Tw, may be 

1 



49 
 

in the range of 1-20 sec. 
 

 

 
Fig. 5 MATLAB/SIMULINK Model of Power System with 

Controller. 
 

Fig. 6 shows Output of SMIB system with PSS (a) 

Speed Deviation (Δω) (b) Power angle Deviation (Δδ) of 

Generator. 

III. COMPARISON OF PSS WITH AND WITHOUT 

CONTROLLER 

1. The PSS with controller results in achieving a 

desired transient behaviour and low steady 

state error. 

2. The controller gain Ks of PSS with controller 

is an important factor as the damping 

provided by PSS increases in proportion to 

increase in gain up to a certain critical gain 

value after which the damping begins to 

decrease. 

3. Lead-Lag compensator based PSS provides 

an optimum performance for a nominal 

operating condition and system parameter. 

IV. FUZZY LOGIC 

It is a form of knowledge representation suitable for 

notation that cannot be defined precisely but which 

depend upon their contexts. Unlike classical logic 

which require a deep understanding of the system 

exact equations and précised numeric value fuzzy 

logic incorporates an alternate way of thinking. 

Fuzzy logic PSS uses a rule base to describe 

relationship between the input variables and output 

variables. Fuzzy logic controller has proven to be a 

successful control approach to many complex non- 

linear systems or even system difficult to analyze 

by classical treatment. 

These inputs are angular speed deviation and 

angular acceleration while output of fuzzy logic 

controller is a voltage signal. 

FUZZY LOGIC CONTROLLED POWER SYSTEM STABILIZER 

(FPSS) 

The fuzzy power system stabilizer is two-input 

component those have single output. These inputs 

are angular speed deviation and angular 

acceleration while output of fuzzy logic controller 

is a voltage signal. 

FUZZY LOGIC CONTROL SYSTEM 

The term fuzzy logic has been given by Lotfi Zadeh 

in 1965. He was known as Father of Fuzzy Logic. 

This logic is used in many applications in the 

industry because of its some of the advantages: 

simple and faster methodology, reduce a design 

development cycle, easy implementation, reduce 

hardware cost, improve the control performance 

and simplify design complexity. So it is used as 

controller in a power system as a fuzzy power 

system stabilizer. The designing process is carried 

out with the help of MATLAB 2009a. A fuzzy 

controller comprises of three stages: fuzzification, 

fuzzy rule and defuzzification. 

 
A. FUZZIFICATION 

Fuzzification is the process of making a crisp 

quantity to fuzzy. This paper simply recognizes that 

many of the quantities which are considered to be 

crisp and deterministic are actually not 
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C.   DEFUZZIFICATION 

deterministic at all. They carry considerable 

uncertainty. If the uncertainty forms arise because 

of elusiveness, ambiguity then fuzzy may be change 

and can be represented by a membership function. 

In this system there are two input speed and 

acceleration which is converting into fuzzy value. 

Each of the input and output fuzzy variables is 

assigned seven linguistic labels. Seven membership 

functions is generating better result proved by some 

testing so these are defined as NH (Negative High), 

NM (Negative Medium), NS (Negative-Small), ZR 

(Zero), PS (Positive-Small), PM (Positive- 

Medium), PH (Positive High) membership 

functions are used to convert the fuzzy values 

between 0 and 1 for inputs and output value both. 

 
TABLE 1 

RULE BASE OF FUZZY LOGIC CONTROLLER 

 

 

 

 

 
B. FUZZY RULE BASE SYSTEM 

Fuzzy rules are defined to reduce the error in the system after 

analysing the function of controller. For each fuzzy value 

there are seven membership functions, so 49 combinations of 

speed and acceleration are possible. There is an output for 

each of the membership functions and the linguistic variables 

can be determined by using IF–THEN fuzzy rules. 

In a defuzzification part fuzzy values which are obtained from 

inference system converts into the specific values. For the 

inference Mamdani’s minimum fuzzy implication and Max– 

Min compositional rule are used. For the defuzzification 

centroid method is used. 
Membership function are used to convert to the fuzzy 

value between 0 and 1 for the inputs and outputs value. 

It is the process of producing a quantifiable result 

in fuzzy logic, given fuzzy sets and corresponding 

membership degrees. It is typically needed in fuzzy 

control systems. These will have a number of rules 

that transform a number of variables into a fuzzy 

result, that is, the result is described in terms of 

membership in fuzzy sets. Defuzzification is 

interpreting the membership degrees of the fuzzy 

sets into a specific decision or real value. 

V. CONCLUSION 

In this paper PSS is designed with and without 

controller and the system is simulated on a SMIB 

system using the platform of MATLAB simulation. 

The simulation result confirms that the PSS with 

controller can provide better performance in 

comparison with PSS without controller. Further 

the Fuzzy Logic will be analysed for improving the 

system stability. 

 

APPENDIX 

Parameter values 

Generator: M =7.0 s., D=0, 

=1.8, =1.76,  =0.3, 

= 7.2940, =314 

Exciter :( IEEE Type ST1): =200, =0.02 s, 

=0.154,  =0.033, =9.5, =1.4 

=0.7636, =0.8644, =0.3231, =1.4189, 

  = 0.1463, =0.4167 
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Abstract— In the proposed work a fuzzy based power 

stabilizer is to be designed for a single machine infinite bus 

bar (SMIB) system. The whole work is to be carried out in 

MATLAB.The simulation are to be carried out on a state 

space model of SMIB Energy system with fuzzy logic 

controller and conventional controller in the presence of 

small disturbance in the system. The effectiveness (steady 

state error, overshoot & settling time) of fuzzy controller is 

to be compared with the conventional PSS. Further the 

complexity of proposed fuzzy PSS may be reduced by 

reducing the number of fuzzy rules. This simple design 

approach and smaller rule base is easy to realize and can 

provide better performance compared with the conventional 

power system stabilizer and fuzzy logic power system 

stabilizer. 

 

Keywords: Heffron-Philips model, Low Frequency 

Oscillations (LFO), Fuzzy Logic Controller (FLC), Power 

System Stabilizer(PSS),Conventional power System 

Stabilizer(CPSS) Controller Membership functions. 

 

1. Introduction: Power system stability can be classified 

into: Transient stability and Small signal stability.There has 

been spontaneous system oscillations with frequencies 

ranging from 0.1 to 2 Hz are inherent to electric energy 

system. The conventional power plant of the early 19th 

century was equipped with continuously acting automatic 

voltage regulators to improve the transient stability of the 

system. As these conventional controllers have high gain so 

it has a destabilizing effect on power system network and 

these controllers are designed for a specific operating 

condition so they cannot maintain a desired level of 

performance when the system operating condition changes. 

The solution to this problem is provided by fuzzy logic 

which is remarkably is a simple way to draw definite 

conclusion from vague, ambiguous or imprecise 

information. 

Fuzzy Logic has the features of simple concept, easy 

implementation, and computationally efficient. 

So in this paper the fuzzy logic based power system 

stabilizer model is evaluated on a single machine infinite 

bus (SIMB) power system, and then the performance of 

Conventional power system stabilizer (CPSS), Fuzzy logic 

based Power system stabilizer (FLPSS) are to be compared. 

The paper is organized as follows; Section II describes the 

modelling of proposed system and its linearized model. The 

 

design of the conventional Power system stabilizer and 

Fuzzy logic based Power system stabilizer is detailed in 

Section III. The MATLAB/SIMULINK simulation results 

are presented and discussed in Section IV. The conclusion is 

mentioned in Section V. Appendix A includes various 

parameters of the system and controllers. 

 

2. Modeling of Power System 

 
SMIB (Single Machine Infinite Bus) system consists of a 

synchronous machine connected to an infinite   bus through 

a transmission line. 

 
Fig. 1.Single machine infinite bus system (SMIB) 

Fig. 2.MATLAB/SIMULINK Model of Heffron and 

 

 

 

 

 

 

 

 

 

 

 

 
Phillips without Controller 

 

Fig.2.shows the block diagram of Single Machine infinite 

bus model (SMIB). This diagram was developed by Heffron 

and Phillips [1952] to represent the dynamics of a single 

synchronous generator connected to the grid through a line. 

This model is a well-known model for synchronous 

generators. This model is a linear model; still it is quite 

accurate for studying low frequency oscillations and 

stability of power systems. It has also been successfully 

used for designing classical power system controllers, which 

are still active in most power utilities. 
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3. CONTROLLER 

 

Controller is a chip, an expansion card, analogue 

electronics,    the    working    conditions     of     a 

considered dynamical system. This paper deals with two 

types of power system controllers discuss below; 

 

3.1 Conventional Power System Stabilizer (CPSS) 

The PSS is used to provide a sufficient damping to 

electromechanical oscillations in SIMB energy system. So 

CPSS is used to achieve desired transient behavior and low 

steady state error. The input to controller is speed 

deviation.The PSS as shown in Fig. 3 has three components, 

the phase compensation block, the signal washout block and 

gain block. 

 
Fig. 3 Structure of conventional Power System Stablizer 

 

The controller gain Ks is an important factor as the damping 

provided by the PSS increase in proportion to an increase in 

the gain up to a certain critical gain value, after which the 

damping begins to decrease. The phase compensator block 

is used to make the system "settle down" quickly. The 

output of the controller has to be gradually driven to zero in 

steady state. Therefore a washout transfer function [Tw.S/ 

(Tw.S+1)], which has a steady state gain zero is used .The 

value of washout time constant Tw, may be in the range of 

1-20 sec. 

 
Fig. 4 MATLAB/SIMULINK Model of Power System 

Controlled by conventional Power System Stabilizer 

 

3.2 Fuzzy Logic Controlled Power System Stabilizer 

(FPSS) 

 

The fuzzy Power System Stabilizer is MISO 

System(multiple input & single output system).These two 

inputs are change in angular speed deviation and rate of 

change of angular speed(angular acceleration) whereas 

output of fuzzy logic controller is a voltage signal. 

3.2.1 Fuzzy logic control system 

 

Concept of fuzzy logic has been given by Lotfi Zadeh in 

1965. This logic is used in many applications in the industry 

because of some advantages: simple and faster 

methodology, reduce a design development cycle, simple to 

implement, reduce hardware cost, improve the control 

performance, simplify design complexity. So it is used as a 

controller in a power system as a fuzzy power system 

stabilizer [12-20]. The designing process is carried out with 

the help of MATLAB 2009a. A fuzzy controller comprises 

of three stages: fuzzification, fuzzy rule and defuzzification 

 

3.3 Fuzzification 

Fuzzification is the process of making a crisp quantity to 

fuzzy The fuzzification interface converts input data into 

suitable linguistic variables that can be viewed as label 

fuzzy sets. In this system there are two input speed and 

acceleration which is converting into fuzzy value.Usually an 

odd number is used. 

 

A reasonable number is seven.However,increasing the 

number of linguistic variables results in a corresponding 

increase in the number of rules.Each linguistic variable has 

its fuzzy membership function. So Seven membership 

functions is generating better result proved by some testing 

so as in, seven membership functions are defined. The 

linguistic labels of membership functions are marked as in 

fig. 6 
 

Fig. 5Membership functions for Fuzzy controller 

for input and output variable 

 

Seven membership functions is generating better 

result proved by some testing so these are defined as 

NH (Negative High), 

NM (Negative Medium), 

NS (Negative-Small), 

ZR (Zero), 

PS (Positive-Small), 

PM (Positive-Medium), 

PH (Positive High) 

membership functions are used to convert the fuzzy 

values between 0 and 1 for inputs and output value 

both. Membership functions are used to convert the 

fuzzy values between 0 and 1for inputs and output 

value. 

Table 1: Rule base of fuzzy logic 

http://en.wikipedia.org/wiki/Integrated_circuit
http://en.wikipedia.org/wiki/Expansion_card
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3.4 Fuzzy rule base system 

 

Fuzzy rules are defined to reduce the error in the system 

after analyzing the function of controller. For each fuzzy 

Fig. 7 Output of SMIB system without PSS (a)Speed 
Deviation (Δω) (b) Power angle Deviation (Δδ) of 

Generator 
 

The Output of SMIB systems with conventional PSS (a) 

Speed Deviation (Δω) (b) Power angle Deviation (Δδ) of 

Generator is shown in Fig. 8. The above response shows 

that system has still larger overshoot (Mp), larger settling 

time (ts) & error steady state is 0 & 2 for Speed Deviation 

and Power angle respectively .This can be further improved 

by fine tunning of controller parameters. 
value there   are   seven   membership   functions,   so   49 
combinations of speed and acceleration are possible. There 

is an output for each of the membership functions and the 

linguistic variables can be determined by using IF–THEN 

fuzzy rules in the following form: 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6 MATLAB/SIMULINK Model of Plant Controlled by 

Fuzzy Power System Stabilizer 

 

4. Simulation Results 

Fig.7-12 shows the Speed Deviation (Δω) ,Power angle 

Deviation (Δδ) of the SMIB system without controller, 

controlled by conventional controller, FLC for the different 

type of membership functions. The System parameters (a) 

Speed Deviation (Δω) (b) Power angle Deviation (Δδ) of 

Generator obtained with the proposed controllers are given 

in Table II 

The Output of SMIB system without PSS (a) Speed 

Deviation (Δω) (b) Power angle Deviation (Δδ) of 

Generator is shown in Fig. 7. The above response is clearly 

shows that system has large overshoot (Mp), large settling 

time (ts) & error steady state is 0 & 2 for for Speed 

Deviation and Power angle respective 

Fig. 8 Output of SMIB system conventional lead-lag 

PSS (a) Speed Deviation (Δω) (b) Power angle Deviation 

(Δδ) of Generator 

 

The Output of SMIB system with Fuzzy PSS for a triangular 

membership function (a) Speed Deviation (Δω) (b) Power 

angle Deviation (Δδ) of Generator are shown in Fig. 9. The 

above response shows that system has smaller overshoot 

(Mp), smaller settling time (ts) & error steady state is 0 & 2 

for Speed Deviation and Power angle respectively .So 

performance improved by using Fuzzy PSS. This can be 

further improved by fine tunning of controller parameter. 
 

Fig. 9 Output of SMIB system fuzzy PSS for triangular 

membership function (a) Speed Deviation (Δω) (b) Power 

angle Deviation (Δδ) of Generator 

 

The Output of SMIB system with Fuzzy PSS for a 

Trapezoidal membership function (a) Speed Deviation (Δω) 

(b) Power angle Deviation (Δδ) of Generator are shown in 

 
Speed 

Deviation 

 
Acceleration 

NH NM NS ZR PS PM PH 

NH NH NH NH NH NM NM NS 

NM NH NM NM NM NS NS ZR 

NS NM NM NS NS ZR ZR PS 

ZE NM NS NS ZR PS PS PM 

PS NS ZR ZR PS PS PM PM 

PM ZR PS PS PM PM PM PH 

PH PS PM PM PH PH PH PH 
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Fig. 10. The above response shows that system has smaller 

overshoot (Mp), smaller settling time (ts) & error steady 

state is 0 & 2 for Speed Deviation and Power angle 

respectively. So performance improved by using Fuzzy 

PSS. This can be further improved by fine tunning of 

controller parameters. 
 

 
Fig. 10 Output of SMIB system fuzzy PSS for trapezoidal 

membership function (a) Speed Deviation (Δω) (b) Power 

angle Deviation (Δδ) of Generator 
 

The Output of SMIB system Fuzzy PSS for a Gaussian 

membership function (a) Speed Deviation (Δω) (b) Power 

angle Deviation (Δδ) of Generator are shown in Fig. 11. The 

above response shows that system has smaller overshoot 

(Mp), smaller settling time (ts) & error steady state is 0 & 

2for Speed Deviation and Power angle respectively. So 

performance improved by using Fuzzy PSS. This can be 

further improved by fine tunning of controller parameters. 
 

 
Fig. 12 Output of SMIB system fuzzy PSS for gaussian 

membership function (a) Speed Deviation (Δω) (b) Power 

angle Deviation (Δδ) of Generator 

 

The Fuzzy logic Power system stabilizer has realized using 

different membership function and the results show that 

Gaussian membership function gives better performance. 

 

5. CONCLUSION 

 

In this paper a fuzzy based Power system stabilizer is 

designed. The whole work is carried out in MATLAB 

2009a. The proposed method is then simulated on a SMIB 

Energy system with FLC and conventional controller using 

complete state space model. The Matlab/Simulink 

simulations results show that in the presence of small 

disturbances in the system, fuzzy controller is more 

effective compared to the conventional controller. The 

Fuzzy Logic Power system stabilizer gives zero steady state 

error and smaller overshoot and settling time than 

conventional power system stabilizer for a different 

membership function in which Gaussian membership 

function gives better performance. 

Appendix 

Parameter values 

Generator: M= 7.0 s., D = 0, Xd=1.8, Xq=1.76, Xd' =0.3, 

Tdo' = 7.2940, Wb=314 

Exciter :( IEEE Type ST1): KA=200, TA=0.02 s. 

T1=0.154, T2=0.033, K1=0.7636; K2=0.8644; K3=0.3231; 

K4=1.4189; K5 = 0.1463; K6=0.4167; 

Ks=9.5*4.66;Tw=1.4 
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Table-2. System Parameters with different controllers 

 

 
 

S. 

No. 

System 

Parameter 

With 

Conventional 

PSS Controller 

Fuzzy PSS 

Triangular 

membership 

function 

Trapezoidal 

membership 

function 

Gaussian 

membership 

function 

1. Speed 

Deviation 

(∆ω) 

large overshoot 

(Mp), 

Peak 

Value=0.025pu, 

large settling 

time (ts), 

ess = 0 

Smaller 

overshoot 

(Mp), Peak 

Value= 

0.0125 pu, 

Smaller 

Settling 

time (ts), 
ess= 0 

Smaller 

overshoot 

(Mp), Peak 

Value= 

0.013 pu, 

Smaller 

Settling 

time (ts), 
ess= 0 

Smaller 

overshoot 

(Mp), Peak 

Value= 

0.013 pu, 

Smaller 

Settling 

time (ts), 
ess= 0 

2. Power large overshoot Smaller Smaller Smaller 
 angle (Mp), Overshoot Overshoot Overshoot 
 deviation Peak Value= (Mp), Peak (Mp), Peak (Mp), Peak 
 (∆δ) 3.5 pu, large Value= 2.1 Value= 2.24 Value= 2.01 
  settling time pu, Smaller pu, Smaller pu, Smaller 
  (ts), Settling Settling Settling 
  ess= 2 time (ts), time (ts), time (ts), 
   ess= 2 ess= 2 ess= 2 
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Abstract : This paper deals with reactive power 

management ,analysis and solution with the static Var 

compensator (SVC) and UPFC for Grid connected DFIG 

wind farm system mitigation. The purpose of the paper is to 

derive and analyze a reactive power control strategy of SVC 

dedicated for DFIG mitigation. The FACT device Static Var 

compensator is connected with load bus. Paper has 

demonstrated the improvement in voltages, power transferred 

to grid, active and reactive power control. Matlab/simulink is 

used for the work. Paper demonstrated the simulation results 

for with and without SVC and UPFC for Grid connected 

Doubly Fed Induction Generator wind farm system. 

 

Keywords: Wind Farm, DFIG, SVC, UPFC, FACT, Grid. 

1. Introduction: 

Wind turbines produce power fluctuations due to their 

aerodynamic behavior and wind speed variability, where the 

wind turbulence influence is indeed the main contribution to 

voltage fluctuations. Therefore, it would be interesting to 

know in advance how a group of wind turbines fed into the 

local distribution network or a large wind farm connected to 

a high voltage network that may affect the power quality. 

Power fluctuations play an important role in the evaluation of 

the impact of wind turbines on the power quality, as stated in 

the IEC Std 61400-21 which addresses the measurement and 

assessment of power quality of grid connected wind 

turbines.[1] 

In this paper, it is suggested to use the FACT Device 

such as static series Var compensator (SVC) for grid 

connected wind farm system to improve the stability in wind 

farm. Generally, stability means the capability of power 

system to hold synchronism during occurrence of a severe 

transient disturbance such as fault in equipment and 

transmission line or loss of generation or lumped load. 

This paper proposes the use of either the Static Var 

compensator to improve stability of wind farm that is 

connected to power system. Firstly, stability analysis of 

DFIG based on wind turbine is explained. 

 

Furthermore, the wind farm model based on DFIG, 

equipped with SVC, connected to power system is developed 

using MATLAB-SIMULINK. Then the impact of SVC on 

power system during and after fault are investigated. 

Afterward the effect of ratings of SVC and the Short Circuit 

Ratio (SCR) of network on the system recovery is analyzed. 

Finally, as a conclusion, the performance of SVC is 

compared during disturbances. 

 

2. Review of Wind Turbine systems: 

There are three types of commonly seen wind turbines: 

fixed-speed wind turbines with a generator directly connected 

to the grid, and variable-speed wind turbines with either a 

synchronous generator with a full power converter in the 

stator circuit or with a slip-ringed induction generator and a 

converter in the rotor circuit, as shown in Figs. 1-3, 

respectively. Fixed speed systems use a squirrel cage 

induction generator directly connected to the grid. This type 

of generator needs to be turned at a fixed speed (or within 1% 

of rated speed). 

 

A gearbox is used between the generator and turbine 

shaft to adjust the speed appropriately. In a stall controlled, 

fixed speed system the blades are firmly bolted to the hub. 

The pitch angle is set so that the blade will stall and limit the 

power when the wind speed becomes too high. Often the 

blade will be slightly twisted so as to gradually stall the blade 

and ensure smoother transitions, reducing fatigue causing 

vibrations. 
 

Fig.1 Fixed speed system 

The disadvantage of fixed speed systems is that, 

because the rotor speed must remain fixed, fluctuations in 

wind speed cause fluctuations in torque. This has the 

consequence of causing voltage fluctuations on the electrical 

grid, especially when connected to a weak grid. The shaft 
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pulsations will also result in high stresses on the rotor, shaft, 

gearbox and generator. 

 

In a variable speed system the generator rotor speed 

can be changed. By allowing the rotor speed to change, 

power fluctuations can be more or less absorbed by 

increasing the speed. Combined with full pitch aerodynamic 

control, this allows for smoother power output, and a 

reduction in fatigue on the gearbox and drive train. Variable 

speed, in some instances can allow for greater energy capture 

and more efficient operation. 

 

Fig.2 Variable Speed System With Synchronous Generator 

Grid compatibility is achieved by the use of a 

voltage converter. The converter can be connected between 

the stator of a synchronous generator and the grid, or between 

the rotor of a Doubly-Fed Induction Generator (D-FIG) and 

the stator/grid. Most modern systems will use a D-FIG as the 

power converter only has to convert the rotor power, which is 

a fraction of the power of the stator. The D-FIG will be 

discussed in detail later in this thesis. In a fixed speed system 

with a squirrel cage generator, a capacitor bank is needed for 

power factor adjustment. In a D-FIG the use of a voltage 

converter allows for real and reactive power control. This 

feature may become more important as the amount of wind 

capacity on the grid increases. Wind farms may be called on 

to regulate reactive power. This is already underway in 

Spain. Another advantage of variable speed operation is that 

noise levels can be reduced. 
 

Figure 3. Variable-speed wind turbine with doubly-fed 

induction generator. 

 

3. Introduction of SVC: 

One kinds of FACTS devices that connected to system in 

parallel are SVC. An SVC consists of a combination of fixed 

capacitors or reactors, thyristor switched capacitors (TSC), 

and thyristor controlled reactors (TCR), connected in parallel 

with the electrical system. The TSC splits up a capacitor bank 

into sufficiently small capacitance steps and switches these 

steps on and off individually, using anti-parallel connected 

thyristors as switching elements. TCR controls the 

fundamental-frequency current component through the 

reactor by delaying the closing of the thyristor switches with 

respect to the natural zero crossing of the current. Equivalent 

circuit of SVC connected to HV bus is shown in Figure 4. In 

addition, SVC can be seen as the adjustable suseptance and 

its maximum reactive current is proportional to the network 

voltage. 

 
 

Fig-4. Static Var Compensator 

 

4. Simulated System : 

This case study shows a 9-MW wind farm 

consisting of six 1.5 MW wind turbines connected to a 25-kV 

distribution system exports power to a 120-kV grid through a 

30-km, 25-kV feeder. A 2300V, 2-MVA plant consisting of a 

motor load (1.68 MW induction motor at 0.93 PF) and of a 

200-kW resistive load is connected on the same feeder at bus 

B25. Both the wind turbine and the motor load have a 

protection system monitoring voltage, current and machine 

speed. The DC link voltage of the DFIG is also monitored. 

Wind turbines use a doubly-fed induction generator (DFIG) 

consisting of a wound rotor induction generator and an 

AC/DC/AC IGBT-based PWM converter. The DFIG 

technology allows extracting maximum energy from the wind 

for low wind speeds by optimizing the turbine speed, while 

minimizing mechanical stresses on the turbine during gusts 

of wind. The optimum turbine speed producing maximum 

mechanical energy for a given wind speed is proportional to 

the wind speed. For wind speeds lower than 10 m/s the rotor 

is running at subsynchronous speed . At high wind speed it is 

running at hypersynchronous speed. advantage of the DFIG 

technology is the ability for power electronic converters to 

generate or absorb reactive power, thus eliminating the need 

for installing capacitor banks as in the case of squirrel cage 

induction generator. 
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In this case study first we simulated the DFIG based 

wind farm system with fault and without FACT device SVC 

and then we simulated the DFIG based wind farm system 

with fault and with FACT device SVC and showed that the 

improvement and impact of FACT device on the Load Bus. 

Figures 5 and 6 show the simulation of system with and 

without FACT device SVC. 

 

 
 

 

Fig.-5 DFIG wind farm system without SVC 

 

 
 

 

Fig.-6 DFIG wind farm system with SVC 
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Fig.-6.1 DFIG wind farm system with UPFC 

 

 

5. Simulation Results : 
 

Fig.-7 P25MWbus without SVC Fig.-8 P25MWbus with SVC 
 

Fig.-9 Vabc120 bus without SVC Fig.-10 Vabc bus with SVC 
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Fig.-11 Motor speed without SVC Fig.12- Motor speed with SVC 

 

Simulation Results for UPFC: 
 

Fig.-13 Vabc120Bus With UPFC Fig.-14 Vabc Without UPFC 
 

Fig.-15 Vabc25Bus With SSSC Fig.-16 Vabc25Bus without SSSC 
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Fig.-17 P25Bus With UPFC Fig.-18 P25Bus without UPFC 

 

6. Conclusion : 

Paper has demonstrated the performance of DFIG 

based wind farm system with and without FACT device SVC 

and UPFC. The simulation result showed that voltage of 

120bus, Motor speed and Voltage level at 25bus system with 

SVC are improved than without SVC under fault conditions 

in both the cases. So SVC has improved performance of 

DFIG based grid connected wind farm system. 
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Abstract— MEMS based piezoresistive pressure sensors are 

widely used because of low cost, simple measurement techniques, 

wide range of pressure sensing, etc. Optimization in micro level is 

yet to gain its popularity because of various constrains. There is 

always a challenge in design optimization with respect to 

appropriate positioning of piezoresistance, shape and temperature 

compensation. Different models of piezoresistive pressure sensors 

are proposed to enhance its sensitivity in terms of output voltage 

and linearity. This paper aims in optimization analysis of a 

piezoresistive pressure sensor which is proposed in research 

paper. 

Piezoresistive module of Comsol Multiphysics 4.3 is used to 

make a comparative study of all the models. Multi-objective 

genetic algorithm toolbox of Matlab is used for optimization. 

Both the sensors used in this paper consist of a membrane, on 

which the pressure is applied and a surrounding fixed frame. The 

initial value of edge length of the square-membrane is 783 μm, 

edge length of the frame is 1000 μm and the thickness of both the 

membrane and the frame is 63 μm. The material of the whole 

diaphragm (membrane and frame) is single crystal, lightly doped 

n-silicon. The piezoresistance is of lightly doped p-silicon. A 

wheatstone bridge circuit is used for the measurement of change 

in resistance. Four of the sensor parameters namely sensitivity 

linearity, area and range of output voltage are considered as the 

optimization parameters and edge and thickness are considered as 

the variables. The sensitivity and linearity is measured over an 

applied pressure range of 0 to 100MPa. The optimized values are 

presented as a result of the paper. 

 
Index Terms— Micro Pressure Sensors, MEMS, Piezo-resistive 

Pressure Sensors, Design Analysis, Genetic Algorithm, 

Optimization. 

 
increasingly popular in many areas of science and engineering. 

The field of MEMS has evolved because of the fact that silicon 

and other semiconductors can be used to fabricate not only 

integrated electronic circuits, but also transducers and other 

devices by the use of similar lithographic and other micro 

fabrication techniques. These techniques that are used to 

carry out fabrication of MEMS devices are referred to as 

“micromachining”. These sensors have a wide range of 

applications: pressure measurement, optical interconnects in 

VLSI technology, micro fluidic systems, inertial sensing and 

RF devices. A market study by System Planning Corporation 

(SPC (1999)) indicates that Pressure Sensors dominate over 

other MEMS applications[1]. 

B. Pressure Sensor Principles: 

Most pressure sensor today use sealed gas or vacuum filled 

cavities. The basic operation of such a sensor is to couple the 

pressure to be measured to one surface of a membrane and to 

measure its deflection. To measure the displacement, any 

suitable sensing technique can be used, including strain 

gauges, capacitance, piezoelectric, optical and any other. The 

Fig. 1 shows the different type of pressure sensor designs 

commonly implemented in micromachined form. Pressure 

sensors can be built to measure pressure relative to a sealed 

reference cavity or differentially using two input ports. For 

sealed cavity designs a vacuum is preferred since there will be 

no temperature dependent pressure changes in the reference 

pressure[2]. 

 

I. INTRODUCTION 

 

A. Micro Electro Mechanical Systems (MEMS): 

HE acronym MEMS stands for “Micro electro mechanical 

Systems”. These systems consist of micro fabricated 
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C. Piezoresistive Pressure Sensors: 

The transducing element in the sensor is a piezoresistive 

device fabricated on a silicon diaphragm that senses pressure 

in terms of change in resistance. The sensor will be placed 

beneath the thread and the tension / stress in the thread will 

exert a pressure on the piezoresistive element. This pressure 

displaces the diaphragm and this in turn causes a stress in the 

piezoresistive element changing the value of its original 

resistance. If the sensor is calibrated then, the stress in the 

T 
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  (2.5) 

 

thread can be measured in terms of change of resistance of the 

piezoresistive element. Figure 2 shows a typical Piezoresistive 

length l, the cross-sectional area A and resistivity (ρ) of the 

material as 

pressure sensor with implanted piezoresistive material for 

detection and its wheatstone bridge configuration. 
R  

l 
 
l 

A wt 
The output of a wheatstone bridge can be given as 

(2.4) 

V  V 

 R3 
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0 s  
R3+R4 R1+R2 




















Fig. 1.1 Commonly used Pressure sensors 
 

Fig. 1.2 Typical Piezoresistive Pressure sensor [3] 

 
II. DESIGN OF PIEZORESISTIVE SENSORS 

 

A. Analytical Design: 

The equations for maximum deflection and stress in a square 

diaphragm are given by [4,5,6] 

The material properties and geometry of the diaphragm used 

in this work is given in table 2.1. 

Table 2.1 Material Properties 
 

Diaphragm geometry   and   wafer 
thickness 

Flat square silicon(100) 
and 500um 

Side of the diaphragm (a) 783um [3] 

Thickness of the diaphragm (h) 63um 

Max. central   deflection   of   the 
diaphragm (wmax) 

15.75um (limited to h/4 
for linearity) 

Young's modulus (E) 131 GPa 

Poisson's ratio (γ) 0.27 

Yield strength of silicon(100) 7GPa 

Input pressure range (P) 0 - 100MPa 

Density of silicon (ρ) 2330kg/m3 

 

III. SENSOR MODELS 
 

A. Piezoresistive Sensors by Lynn Fuller: 

The structure proposed by [Lynn Fuller 2005][7] and its 

Comsol model are shown in figure 3.1. In this model, positions 

of the resistors are near the edges of the membrane (dashed 

line) because the piezoresistive effect depends on stress 

(respectively on strain) which is high near the fixed boarders. 

Considering the resulting distribution of stress, resistors R1 

and R4 are arranged transversally and sensors R2 and R3 are 

arranged longitudinally. Because the strain decreases from the 

boarders to the center of the membrane, the longitudinal 

arranged resistors are divided into two shorter parts which are 

connected in series and positioned in a manner that a higher 

average strain is applied on the resistors in order to enforce the 

piezoresistive effect. An electric potential of 9V is applied 

between the metal pads A and C. The measured device output 

is the potential difference between the absolute values of the 

voltages at the metal pads B and D. 

W
max 


0.0151(1  2 ) 

 
 

Eh3 
Pa4 (2.1) 

  
0.308 

Pa2 
 

(2.2) 
max 

h2 

The change of electric resistance in a silicon piezoresistance 

gage can thus be expressed as: 

(2.3) 

where the value of      and      in the <100> orientation are 

equal to 0.02π44,     is the stress in the longitudinal direction 

and is stress in tangent direction. R can be calculated by the 

Fig 3.1 Piezoresistive Sensor by Lynn Fuller and its Comsol 

Model 
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IV. MODELLING USING COMSOL MULTIPHYSICS 

The sensor as mentioned above is modelled using Comsol 

Multiphysics 4.3 [8], a widely used FEM based software. On 

this work, piezoresistive physics for boundary currents are 

chosen as the environment for the analysis. The additional 

term “boundary currents” is selected because the examined 

piezoresistive effects appear only in very thin layers which are 

applied on the diaphragm. 

The geometry is created using a block (the diaphragm) with 

the given values for width, depth and height. Two work planes 

are defined on the top and bottom side of the block. The next 

step is to define the boarders of the membrane on the work 

planes. This also defines the frame at the same time. 

Afterwards, the remaining geometry of the sensor, hence the 

dimensions of the resistors and the connections, is defined by a 

2D drawing on the upper work plane. The material of the 

whole diaphragm (membrane and frame) is single crystal, 

lightly doped n-silicon. The piezoresistance is of lightly doped 

p-silicon. Aluminium is used as metal strip to connect between 

resistors. The material properties like Young’s Modulus or 

Poisson Ratio are set according to the given literature. 

After this, the structural, electrical and piezoresistive 

properties of the model were defined. The lower side of the 

frame is defined a fixed and a pressure is applied on the upper 

side of the membrane as boundary load. The areas within the 

boundaries of the connections are determined as thin 

conductive layers with a thickness of 400nm and the areas 

bordered by the geometry of the resistors are defined as thin 

piezoresistive layers, also with a thickness of 400nm. The 

electrical properties are determined by defining a ground and a 

terminal at the edges of two connection pads for each sensor 

and a voltage, usually 3V, is applied between them. For easier 

analysis of the terminal current an average has to be defined 

over these edges as well as over the relevant edges or 

boundaries at the remaining connection pads where the voltage 

for the device output is supposed to be measured. The mesh 

for the FEM analysis is built by the software on the base of the 

defined physics. The element size is defined as “finer”. 

Because of the simple geometry and the consideration of only 

a few physical effects, the computer generated mesh is 

sufficient and does not have to be optimized by user controlled 

settings in order to decrease the time which is needed for the 

numerical analysis. 

process leads to a population that approximates the optimum 

solution a little better after each generation. The algorithm is 

finished when the fitness values stop to increase or when a 

certain number of generations have been calculated. Four 

objectives are used in the work namely Linearity, Sensitivity, 

Area and the Output Range. To calculate the linearity (or more 

precisely: the deviation from linearized curve) a linear 

correlation that best fits the measured values needs to be 

defined. This line was defined using the least square method. 

Sensitivity is defined as average input to output ratio which is 

represented by the slope of the line. 

The optimization toolbox 6.2 of Matlab R2012a is referred 

for the implementation of optimization using multi objective 

genetic algorithm. The function of all the parameters and their 

implications are studied. A list of options and Matlab default 

values are listed in table 5.1. The factors listed in table 5.2 are 

considered for optimization. Applied pressure is left as user 

input. The optimized results obtained from genetic algorithm 

for an input pressure of 100 kPa is discussed in the result 

analysis chapter. 

 
Table 5.1 Genetic Algorithm Default Values in Matlab 

 

Parameters Specifications 

Population 
Type Double vector 

Size 15 * No. of Variables 

Selection 
Type Tournament 

Size 2 

 

Reproduction 

 

Types 

Crossover Fraction: 0.8 

Mutation – Constraint 

Dependent 

Crossover Type Intermediate 

 Value 1.0 

Migration Type Direction – Forward 

 

Table 5.2 Parameters of Optimization 

 

V. OPTIMIZATION 

Evolutionary algorithm is a stochastic search method that 

implements the natural biological evolution. The algorithm 

starts with a random distributed population of potential 

solutions and applies the principle of survival of the fittest 

according to given fitness functions. The next generation is 

created by selecting the individuals from the previous 

generation depending on their fitness values and breeding them 

together using operators like migration, mutation and 

crossover that are borrowed from natural genetics. This 

 

 

 

 

VI. RESULT ANALYSIS 

After modelling, input pressure from 0MPa to 100MPa, in 

steps of 10MPa is applied and simulated using parametric 

sweep of Comsol Multiphysics. The displacement profile and 

potential distribution of the sensors are shown in figure 6.1(a) 

and (b). 

Applied Pressure (Pa) User Defined 

No of Variables 2 

Relative tolerance between two 

generations 
1e-6 

Pareto Function 0.8 

Variable 

Range 

Diameter (um) 100 to 1000 

Thickness (um) 10 to 100 

Objective Functions 
Linearity, Sensitivity, 

Area, Output Range 
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Fig 6.1 Displacement Profile and Potential Distribution of 

piezoresistive pressure sensor by [Lynn Fuller] 

 

The analytical designs of all the sensors are simulated using 

Matlab using the expression given in 2.5 and the results are 

compared with the FEM models developed using Comsol 

Multiphysics, which are shown in figure 6.2. 

As if there is no means of implementing geometry 

optimization using FEM software, it is necessary and must to 

compare the analytical values with the simulated results 

because the genetic algorithm uses only analytical expressions 

for optimization. It is a fact that FEM results are always 

proved to be more realistic as compared to analytical 

expressions. The plate bending theory neglects higher order 

terms in the approximation and provides an estimated result. 

But FEM analysis discretizing the element more precisely and 

gives more accurate results as compared to practical device 

working. 
 

 

Fig 6.2 Characteristics of Piezoresistive Sensor 

 

The optimized results obtained from genetic algorithm for 

an input pressure of 100 kPa are given in table 6.4 for a square 

diaphragm piezoresistive pressure sensor. 

After the execution, genetic algorithm gives a set of 

optimized values. The selection of geometry variables is again 

user specific depends on the specification requirements that 

which of the sensor parameter should be given more 

importance. 

Table 6.1 provides a set of optimized values where the 

values highlighted are preferred than other parameters. 

Discussions about the results are given in conclusion session. 

 

Table 6.1 Optimized values of a square diaphragm piezoresistive sensor 

 

Desirable 

Parameter 

Optimized Geometry Achieved Values 

Diameter (m) Thickness (m) Linearity (%) 
Sensitivity 

(V/kPa) 
Area (m2) O/p Range (V) 

Linearity 2.3461e-04 4.7387e-05 7.3960e-12 1.0373e-06 5.5042e-08 1.0373e-04 

Sensitivity 9.9283e-04 1.0004e-05 1.8717e+00 4.1683e-04 9.8572e-07 4.1683e-02 

Area 1.0805e-04 3.4350e-05 2.0286e-05 4.1872e-07 1.1674e-08 4.1872e-05 

O/P Range 9.9986e-04 1.0119e-05 1.8393e+00 4.1320e-04 9.9973e-07 4.1320e-02 
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VII. CONCLUSION 

A micro piezoresistive pressure sensor is designed and 

modelled using Comsol Multiphysics. The results are 

compared with the analytical results for its reliability. These 

analytical expressions are used for optimization and the 

optimization using multi-objective genetic algorithm is 

implemented using Matlab and the results are given in table 

6.1. 

From the above results it can be concluded that better 

linearity will be achieved with minimum edge size, since the 

displacement is less because of higher stiffness. Here 

linearity is measured in terms of deviation from the 

normalized straight line using least square curve fitting 

method. The best value of linearity is zero. It is also a fact 

that if the linearity is high the sensitivity is comparatively 

poor as shown in first row of the table 6.1, but lesser area 

can be achieved. 

In the same sense, if the sensitivity is high the linearity 

will be poor, but higher output voltage can be achieved as 

given in the second row of the table. 

It is also true that linearity and area are proportional to 

each other whereas, sensitivity and output voltage range 

goes in hand with each other. 
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Abstract: This paper considers the impact of the static 

series synchronous compensator (SSSC) and the 

Unified Power Flow Controller (UPFC) on stability of 

the wind farm based of Doubly Fed Induction 

Generator (DFIG) which are connected to power 

system, after a severe disturbance occurrence. The 

comparison is made between the performances of the 

wind farm equipped by SSSC and UPFC to improve 

the wind farm stability during and after fault. The 

simulation result shows both of the devices can 

enhance the system stability during and after 

disturbance, especially when the network is weak. It is 

shown that the UPFC have a much better performance 

as compared to SSSC to improve wind farm stability. 

Matlab/simulink is used for the work. 

 

Keywords: SSSC, UPFC, Stability, Wind 

Farm, DFIG. 

 
 

1. Introduction : 
Wind turbines produce power fluctuations due to 

their aerodynamic behavior and wind speed 

variability, where the wind turbulence influence is 

indeed the main contribution to voltage fluctuations. 

Therefore, it would be interesting to know in 

advance how a group of wind turbines fed into the 

local distribution network or a large wind farm 

connected to a high voltage network that may affect 

the power quality. Power fluctuations play an 

important role in the evaluation of the impact of 

wind turbines on the power quality, as stated in the 

shown in Figs. 1-3, respectively. Fixed speed 

systems use a squirrel cage induction generator 

directly connected to the grid. This type of generator 

needs to be turned at a fixed speed (or within 1% of 

rated speed). 

A gearbox is used between the generator and turbine 

shaft to adjust the speed appropriately. In a stall controlled, 

IEC Std 61400-21 which addresses the measurement 

and assessment of power quality of grid connected 

wind turbines. 

In this paper, it is suggested to use the FACT Devices such 

as static series synchronous compensator (SSSC) and the 

Unified Power Flow Controller (UPFC) for grid connected 

wind farm system to improve the stability in wind farm 

connected to power system. Generally, stability means the 

capability of power system to hold synchronism during 

occurrence of a severe transient disturbance such as fault in 

equipment and transmission line or loss of generation or 

lumped load. This paper proposes the use of either the Static 

series synchronous compensator or the Unified Power Flow 

Controller (UPFC) to improve stability of wind farm that is 

connected to power system. Firstly, stability analysis of 

DFIG based on wind turbine is explained. Furthermore, the 

wind farm model based on DFIG, equipped with SSSC and 

UPFC, connected to power system is developed using 

MATLAB-SIMULINK. Then the impact of SSSC and 

UPFC on power system during and after fault are 

investigated. Afterward the effect of ratings of SSSC and 

the UPFC of network on the system recovery is analyzed. 

Finally, as a conclusion, the performance of UPFC is much 

batter then the performance of SSSC during disturbances. 

 

2. Review of Wind Turbine systems: 
There are three types of commonly  seen wind turbines: 

fixed-speed wind turbines with a generator directly 

connected to the grid, and variable-speed wind turbines with 

either a synchronous generator with a full power converter 

in the stator circuit or with a slip-ringed induction generator 

and a converter in the rotor circuit, as 

fixed speed system the blades are firmly bolted to the hub. 

The pitch angle is set so that the blade will stall and limit the 

power when the wind speed becomes too high. Often the 

blade will be slightly twisted so as to gradually stall the blade 

and ensure smoother transitions, reducing fatigue causing 

vibrations. 
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Fig.1 Fixed speed system 

 

The disadvantage of fixed speed systems is that, 

because the rotor speed must remain fixed, fluctuations 

in wind speed cause fluctuations in torque. This has the 

consequence of causing voltage fluctuations on the 

electrical grid, especially when connected to a weak 

grid. The shaft pulsations will also result in high 

stresses on the rotor, shaft, gearbox and generator. 

In a variable speed system the generator rotor speed can 

be changed. By allowing the rotor speed to change, 

power fluctuations can be more or less absorbed by 

increasing the speed. Combined with full pitch 

aerodynamic control, this allows for smoother power 

output, and a reduction in fatigue on the gearbox and 

drive train. Variable speed, in some instances can allow 

for greater energy capture and more efficient operation. 

 

Figure 3. Variable-speed wind turbine 

with doubly-fed induction generator. 

 

 

3. Introduction of UPFC: 
The UPFC is the most versatile FACTS controller 

developed so far, with all encompassing capabilities of 

voltage regulation, series compensation, and phase 

shifting. It comprises of two voltage source converters 

coupled through a common DC link. The single line 

diagram is shown in Fig.4. 

 

 

 

 

 

 

 

 

 

Fig.2 Variable Speed System With 

Synchronous Generator 

 

Grid compatibility is achieved by the use of a voltage 

converter. The converter can be connected between the 

stator of a synchronous generator and the grid, or 

between the rotor of a Doubly-Fed Induction Generator 

(D-FIG) and the stator/grid. Most modern systems will 

use a D-FIG as the power converter only has to convert 

the rotor power, which is a fraction of the power of the 

stator. The D-FIG will be discussed in detail later in this 

thesis. In a fixed speed system with a squirrel cage 

generator, a capacitor bank is needed for power factor 

adjustment. In a D-FIG the use of a voltage converter 

allows for real and reactive power control. This feature 

may become more important as the amount of wind 

capacity on the grid increases. Wind farms may be 

called on to regulate reactive power. This is already 

underway in Spain. Another advantage of variable 

speed operation is that noise levels can be reduced. 

 
Fig.-4. Single line diagram of UPFC 

The active and reactive power flow control loops of 

the UPFC is shown in Figs. 5 and 6. The stabilizing 

signal for the unified power flow controller is derived 

from a power oscillation-damping block, which uses 

active power flow (Pflow) as the input signal. Pflow Ref 

is the reference value of active power flow in the line on 

which UPFC is connected. This value is obtained after 

running a power flow in the line on which UPFC is to be 

connected. Vseq is the component of series injected 

voltage in quadrature with the line current. Qref is the 

reference setting for reactive power flow in the UPFC 

connected line and Qflow is the actual reactive power 

flow in the line and Vsep is the component of AC voltage 

injected in phase with the line current. 
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Fig-5. Active Power Flow Loop of UPFC 

 

 

Fig-6. Active Power Flow Loop of UPFC 

 

4. Introduction of SSSC: 
The Static Series Synchronous Compensator (SSSC), 

one of the key FACTS devices, consists of a voltage 

sourced converter and a transformer connected in 

series with a transmission line. The SSSC injects a 

voltage of variable magnitude in quadrature with the 

line current, thereby emulating an inductive or 

capacitive reactance. This emulated variable reactance 

in series with the line can then influence the 

transmitted electric power. A Static Series 

Synchronous Compensator (SSSC) may also be called 

a series power flow controller (SPFC). The SSSC 

increases the maximum power transfer by a fraction of 

the power transmitted, nearly independent of δ. 

 
 

 
 

While a capacitor can only increase the transmitted 

power, the SSSC can decrease it by simply reversing 

the polarity of the injected voltage. The reversed 

voltage adds directly to the reactive power drop in the 

line and the reactive line impedance is increased. If 

this reversed polarity voltage is larger than the voltage 

impressed across the line by sending and receiving end 

systems, the power flow will reverse. 

 

 

 

 

Fig-7. Static Series Synchronous 

Compensator 

 

5. Simulated System : 

This case study shows a 9-MW wind farm consisting of 

six 1.5 MW wind turbines connected to a 25-kV 

distribution system exports power to a 120-kV grid 

through a 30-km, 25-kV feeder. A 2300V, 2-MVA plant 

consisting of a motor load (1.68 MW induction motor at 

0.93 PF) and of a 200-kW resistive load is connected on 

the same feeder at bus B25. Both the wind turbine and the 

motor load have a protection system monitoring voltage, 

current and machine speed. The DC link voltage of the 

DFIG is also monitored. Wind turbines use a doubly-fed 

induction generator (DFIG) consisting of a wound rotor 

induction generator and an AC/DC/AC IGBT-based PWM 

converter. The DFIG technology allows extracting 

maximum energy from the wind for low wind speeds by 

optimizing the turbine speed, while minimizing 

mechanical stresses on the turbine during gusts of wind. 

The optimum turbine speed producing maximum 

mechanical energy for a given wind speed is proportional 

to the wind speed. For wind speeds lower than 10 m/s the 

rotor is running at subsynchronous speed . At high wind 

speed it is running at hypersynchronous speed. advantage 

of the DFIG technology is the ability for power electronic 

converters to generate or absorb reactive power, thus 

eliminating the need for installing capacitor banks as in the 

case of squirrel cage induction generator. 

In this case study first we simulated the DFIG based wind 

farm system with fault with FACT device UPFC and then 

we simulated the DFIG based wind farm system with fault 

and with FACT device SSSC and showed that the 

improvement and impact of FACT devices on the Load 

Bus. Figures 8 and 9 show the simulation of system with 

and without FACT device UPFC and SSSC. 
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Fig.-8 DFIG wind farm system with UPFC 

 
 

 

Fig.-9 DFIG wind farm system with SSSC 
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6. Simulation Results : 

  
 

Fig.-10 Vabc120Bus With UPFC 
 

 

Fig.-11 Vabc120Bus With SSSC 

Fig.-13 Vabc25Bus With SSSC 
 

 

Fig.-14 P25Bus With UPFC 

 
 

  
 

Fig.-12 Vabc25Bus With SSSC 
Fig.-15 P25Bus Without UPFC 
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7. Conclusion : 

The role of FACTS devices such as UPFC 

and SSSC in syste performance 

improvement is specified. Stability 

improvement , power swings, voltage 

regulation and voltage recovery after fault 
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ABSTRACT 

Transformers are the vital units of power system and the major dielectric used in transformer is petroleum based mineral 

oil, which acts both as an insulating medium and potential coolant. The incessant use of mineral oil and exploitation of 

natural petroleum resource is nearing the line of scarcity. The non-meticulous use of mineral oil in electricity and transport 

applications followed by traditional disposal method leads to oil scarcity and hazard to environment. This work focuses on 

reclaiming and enhancing critical characteristics of aged mineral oil and fresh transformer oil using activated bentonite and 

antioxidants. The reclamation is carried by treating aged mineral oil with activated bentonite 5 g quantity. Then the treated 

sample is mixed with different combinations of natural and synthetic antioxidants. The enhancement of fresh transformer oil 

is carried by adding multiple combinations of antioxidants with different mechanisms like free radical scavenging, metal 

chelating and synergism. The critical parameters like breakdown voltage, viscosity, flash point and fire point of the samples 

are calculated using ASTM and IEC specifications before and after adding antioxidants. The recorded parameters prove that 

the reclaimed aged mineral oil after added with high performance antioxidant combinations can perform superior than base 

fluids and can be reused in power transformers. Moreover the enhanced fresh transformer oil with antioxidants shows greater 

improvement and this technique could be possibly employed for reclamation (regenerating) and enhancement of waste 

insulating oils. 

Index Terms — Power Transformer, transformer oil, antioxidants, dielectric, critical parameters. 
 

1 INTRODUCTION 

THE transformer life mainly depends on the insulating 

medium used. Traditionally two dielectric mediums used in 

transformer are solid (kraft paper and press board) and liquid 

(mineral oil). Among them the liquid dielectric medium 

dominates due to its dynamic functions like insulation and 

cooling. The increasing population of transformers from post 

world war-II use mineral oil as dielectric. Because of the 

service life of transformer is expected to be at least 20 years, 

the ageing has negative effects on the dielectric properties of 

the insulating oil, thus causing deceleration in the transformer 

efficiency [1, 2]. This profuse use of mineral oil leads to 

shrinking of petroleum reserve. The increasing record of 

transformer accidents like explosion, harmful disposal and oil 

leak are governing a new dimension in liquid dielectric 

research. The conventional disposal method (incineration) 

available in literature is harmful to environment [3]. The 

demand forecast of the present and the future requirement is 

maintaining a non-equilibrium condition. 

However the potential consequence of transformer failure 

is complained majorly on the liquid insulation used in 

transformer, which is about 75% [4, 5]. The end of 

transformer life is defined by the condition of tensile strength 

of solid insulation about 50% [6]-[8]. 

Furthermore the key limitation of mineral oil is when 

disposed it cause risk to human life and ecosystem [9]. In 

many of the special applications synthetic liquids like silicone 

and perchloroethylene are used in transformer systems, but 

which are costlier and use of these oils are restricted to some 

degrees in special transformer applications [10]. The 

transformer life can be possibly improved by using recent 

versions of high grade dielectric fluids such as R-Temp®, 

Envirotemp® FR3™ and Beta fluid® [11, 12]. 

The insulation system of power transformer degrades 

constantly at normal operating condition, more specifically at 

higher temperature, higher moisture and oxidation. The 

residual life of a transformer is notably influenced by the 

condition of solid insulation. A serious failure of large power 

transformer due to liquid insulation breakdown can generate 

substantial costs for repair and economic losses [13]. 

Therefore most power utilities highly prefer to access the 

actual condition of the liquid insulation of the power 

transformer [14]. 

The aging process in the oil, cellulose insulation system 

under thermal stress and their measurable effects are due to 

chemical alteration in structures of dielectric. The temperature 

of the oil is the critical aging parameter to cause enough 

change in the mechanical and electrical properties of the 

liquid dielectric material. Apart from high temperatures, other 
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important parameters affecting the aging of solid and liquid 

insulation includes the presence of water and oxygen in the 

system [15]. 

The commercial insulating oil after refining process usually 

contains small quantity of oxidation inhibitor, which comprise 

of DBP (2,6-di-tertiary-butylphenol) or DBPC (2,6, ditertary- 

butyl-para-cresol). The usage rate of oxidation inhibitor in the 

insulating oil depends upon the population of oxygen species 

in the transformer tank, catalytic mediators and impurities 

present in oil. In the modern transformer, the construction is 

themed in sealing the interior from the outer to prevent 

atmospheric oxygen contacting the oil. Practical statement of 

oxidation process is the chemical response between the oil 

and oxygen or metallic mediators. This could result in the 

formation of oil byproduct such as acids and sludges; which 

could be a menace to the dielectric properties of insulating oil. 

Regeneration processes carried using activated carbon and 

clay treatment can remove contaminants like sludges, metals 

and acids. But this could likely decrease the amount of 

oxidation inhibitor present in the oil. In order to overcome 

this condition, the natural inhibitor present in fresh oil is 

usually maintained in the range of 0.25 to 0.35 %. According 

to ASTM standard, the percentage of oxidation inhibitors in 

new insulating oil is labeled as Type I: contains about 0.08 % 

and Type II: contains about 0.3 %. For in-service units the 

oxidation inhibitor is 0.02 % and greater. The percentage 

concentration of natural inhibitor should be periodically tested 

and maintained at least every two years. The calculated loss 

percentage is remunerated by adding required oxidation 

inhibitors to oil [16]. 

Bentonite has been a promising adsorbent available in low- 

cost, which is extensively used for the removing toxic 

(contaminant) metal ions from waste water [17]. Bentonite 

consists predominately of smectite, a 2:1 clay mineral 

containing an octahedral sheet between two tetrahedral sheets. 

Adsorption properties of bentonite are a direct function of the 

montmorillonite content and interlayer cations. In order to 

remove impurities and various exchangeable cations, 

bentonite was modified with acid. 

Collection of aged oil and waste oil is a noticeable 

environment and economic reason. Adsorption processes with 

bentonite clay could constitute a simple economical 

alternative to conventional regeneration process. As far as 

adsorptive properties are concerned, bentonite has been used 

to remove a number of chemical elements [18]. The 

adsorption capacity of natural and acid-activated bentonite is 

high when compared to the conventional adsorbent such as 

activated carbon. Such research on enhancement of critical 

characteristics of aged transformer oil using natural bentonite 

clay has been reported with 5 g composition [19]. 

The bleaching capacity of bentonites is greatly increased by 

activation treatment. To improve the adsorptive properties of 

bentonite clay, it can be acid activated. This involves all the 

cations present in the bentonite (typically Ca2+, Na2+ and 

Al3+) being replaced by H+ by the addition of either 

sulphuric or hydrochloric acid. This bentonite clay is naturally 

a good bleaching compound, but should be treated with acid 

to increase the adsorption capacity of bentonite [20]-[22]. 

The comparison of performance of additives like 

semiconductive nanoparticles and antioxidants confirms the 

use of antioxidant is economic and effective [23]. The use of 

various natural and synthetic antioxidants like Butylated 

Hydroxy Toluene (BHT), Butylated Hydroxy Anisole (BHA), 

Ascorbic Acid (AA), Citric Acid (CA), Propyl Gallate (PG), 

Alpha Tocopherol (α-Tocopherol) are effective when used in 

single and combinatorial form [24]. 

In this paper, we aim to develop a new methodology to 

enhance and reuse the aged transformer oil with available 

compounds like activated bentonite and antioxidant. Also to 

investigate the critical properties of subjected samples and 

highlight the antioxidant behavior in regenerated oil samples. 

 
2. MOTIVATION OF THE WORK 

The scope of this study is based on present technologies 

that are currently under practice to regenerate and enhance 

liquid insulation used in power transformer. The use of low- 

cost, less-hazardous and high performance compounds like 

activated bentonite and antioxidants are employed in this 

research. The illustrated technique is a pulsating tool for 

economically reusing the aged transformer oil and enhancing 

the fresh transformer oil for the optimized functions of power 

transformer. 

 

3. SAMPLE DESCRIPTIONS 

3.1 TRANSFORMER OIL SAMPLES 

In this research aged transformer oil (under service for 8 

years) has been collected from regional substation. The fresh 

transformer oil is purchased from transformer manufacturing 

company. The aged oil sample thus collected shows poor 

performance and sludge deposits, which can directly influence 

the dielectric performance of the insulation systems of 

transformer. The specification about the transformer from 

which the oil sample is collected is particularized in 

Table1. 

Table 1. Specification of transformer. 

CONTENT AGED TRANSFORMER OILS 

Source Sethur Substation, Tamilnadu, India 

Transformer Type 

KVA rating 

Voltage rating 

Age of oil and statu 

Step down 

150 KVA 

11 kV / 433 V 

8 years In-service 

 
3.2 PROPERTIES OF BASE FLUIDS (AGED 

TRANSFORMER OIL AND FRESH TRANSFORMER 

OIL) 

The aged and fresh transformer oil is taken as base fluid 

1and 2 respectively, which are subjected throughout the 

investigation process. The base fluid 1 and 2 are initially 

heated to 100 OC to remove the moisture content in the oil. 

Then the base fluids are naturally cooled until it reaches room 

temperature and the critical characteristics of the base fluids 



76 
 

 

are measured according to ASTM and IEC specifications, 

which are given in Table 2. The result shows that the 

regeneration and enhancement of the aged oil is required for 

reusing it in power transformer. 

  Table 2. Critical properties of base fluids.  

when used in the oil; function better than the commercial 

bleaching products [22]. The literature survey shows the 

ability of Activated Bentonite compound in absorption of 

impurities, suspended matters, sediment and removal of 

contaminants such as ash content, carbon content in aged 

Base Fluid Base Fluid transformer oil. 

Critical Parameter
 1 2 

 

Aged Mineral Oil Fresh Mineral Oil 

Breakdown 
20 28

 

 

 

 

 
3.3 BLEACHING CLAYS AND ACID ACTIVATION 

Bentonite clay is commonly referred to as "green" healing 

clay. It occurs in naturally form by the combination of 

volcanic ash minerals called montmorillonite and ocean 

water. Bentonite occurs in natural form as clays which hold 

commercial importance for bleaching of oils and fats [25]. 

The bentonite (Al2O34SiO2H2O) occurring in natural form 

called as hydrated aluminum silicate, which is packed with 

potassium, calcium, and sodium; depends upon the source of 

occurrence. The wet form of bentonite expands like a sponge, 

which absorb toxins present in the mixture to which it is 

added. This process of expansion and attraction is called as 

adsorption [19]. The adsorption characteristic of bentonite is 

due to the presence of positive and negative charges on its 

edges and surfaces. During the expansion state of bentonite, 

the toxins are attracted like a magnet and placed inside the 

small pores (spaces) where the toxins are bonded with the 

chemicals of the clay [26]. Acid activation of the bentonite 

carried with 7N concentrated sulphuric acid (H2SO4), which 

yields an adsorbent material of higher bleaching efficiency 

3.4 ANTIOXIDANT 

Antioxidants are a compound that eliminates the oxidation 

process [27]. The antioxidant performs electron scavenging 

mechanism by trapping free radicals or free electrons present 

in the solution. Thus completely purging the chain reaction, 

the amount of free radicals is kept to minimum quantity; it 

can avoid oxidation of oil and peroxide formation. The main 

functional mechanisms of antioxidant are free electron 

scavenging, metal chelation and synergism [28], [29]. The 

performances of antioxidant under normal temperature and 

higher temperature conditions, but to some extend the 

diminution of antioxidant composition decreases when 

compared to its original quantity. The function of antioxidant 

is high when used in combinations of three and more, but 

sloppy when singly used. The different combinations of 

antioxidants used for the investigation are presented in 

Table 3. Antioxidants can increase the oxidative stability of 

oil in the presence of metal contaminants, sludges and other 

foreign substances present in the oil [30]-[32]. The 

antioxidants are generally categorized into three types based 

on their mechanism and source; they are natural antioxidants, 

secondary antioxidants and synergists. The primary 

antioxidants like BHT, BHA and PG are synthetic type, which 

performs mechanisms like free radical scavenging and metal 

chelation, while α-T comes under natural type, which 

performs synergist mechanism. Similarly the secondary 

antioxidants like AA and CA are from natural source, which 

performs the synergist mechanism. 

 

Table 3. Combinations of antioxidant 1, 2, 3 and respective mechanisms. 

Model 
Antioxidant combination Antioxidants Mechanisms 

1 2 3 1 2 3 

A1 BHA AA α-T Free Radical Scavenger Synergist Regenerators of Scavengers 

A2 BHT CA α-T Free Radical Scavenger Synergist Regenerators of Scavengers 

A3 BHA BHT CA Free Radical Scavenger Free Radical Scavenger Synergist 

A4 BHA CA α-T Free Radical Scavenger Synergist Regenerators of Scavengers 

A5 BHT PG α-T Free Radical Scavenger Metal chelators Regenerators of Scavengers 

A6 PG CA α-T Metal chelators Free Radical Scavenger Regenerators of Scavengers 

 

 

 

Similarly the secondary antioxidants like AA and CA are 

from natural source, which performs the synergist 

mechanism. The antioxidants like Butylated Hydroxy Toluene 

(BHT), Butylated Hydroxy Anisole (BHA), Citric Acid (CA), 

Ascorbic Acid (AA), Alpha Tocopherol (α-T) and Propyl 

Gallate (PG) are used for this investigation. For consistency 

of this work, the effective concentration is taken into 

consideration while selecting antioxidants [30]-[32]. 

3.5 PREPARATION OF SAMPLE 

The regeneration process is carried by taking 5 g of 

activated bentonite for 500 ml of base fluid 1 (aged 

transformer oil). The activated bentonite is mixed with base 

fluid 1 vibrantly by using magnetic stirrer under 750 rotations 

per minute (RPM) (sonication can also be used). For fine 

Voltage (kV)  

Viscosity (cSt) 
 

Flash Point (OC) 

45 
 

145 

27 
 

150 

Fire Point (OC) 150 160 
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mixing of the activated bentonite compound in the base fluid 

1, the oil is heated upto a temperature of 80 OC before mixing. 

The mixture is then filtered using Whatman filter paper no. 42 

until the bentonite is completely removed. The sample of 

reclaimed base fluid 1 and the filter paper before and after 

removal of activated bentonite compound is shown in Figure 

1 and 2 respectively. Then the critical characteristics of the 

reclaimed base fluid 1 is measured and publicized in Table 5. 

The reclaimed samples show some percentage of 

improvement in its critical characteristics. The reclaimed base 

fluid 1 (aged transformer oil) and base fluid 2 (fresh 

transformer oil) are then mixed with the selected high 

performance antioxidants (A1 – A6), which are given in Table 

4. The antioxidant combinations 1, 2 and 3 are taken in the 

ratio of 1 g : 1 g : 1 g and mixed using magnetic stirrer unit 

for 20 to 30 minutes under 750 RPM and melting point 

temperature of the antioxidant. The critical characteristics of 

the samples thus prepared using antioxidants are measured 

according to ASTM and IEC specification. 

 

 
Figure 2. Sample of filter paper before and after filtration. 

 

4. EXPERIMENTAL PROCEDURES 

4.1 BREAKDOWN VOLTAGE MEASUREMENT 

In assessing the condition of oil’s insulating properties; the 

breakdown voltage measurement plays an important role. The 

important factors that determine the breakdown voltage of the 

oil are moisture, air bubbles, suspended solid matters and 

acidity of fluid [33, 34]. The breakdown voltage of the sample 

is measured using breakdown voltage test kit which has a 

measuring capacity of 60 kV as per the specification of IEC 

Table 4. Samples prepared from reclaimed base flu6id011a5n6d [b3as5e].fluid 2 with antioxidants A1 - A9. 

Samples prepared using base fluid 1 Samples prepared using base fluid 2 

Sample 1 Base Fluid 1 + A1 Sample 7 Base Fluid 2 + A1 

Sample 2 Base Fluid 1 + A2 Sample 8 Base Fluid 2 + A2 

Sample 3 Base Fluid 1 + A3 Sample 9 Base Fluid 2 + A3 

Sample 4 Base Fluid 1 + A4 Sample 10 Base Fluid 2 + A4 

Sample 5 Base Fluid 1 + A5 Sample 11 Base Fluid 2 + A5 

Sample 6 Base Fluid 1 + A6 Sample 12 Base Fluid 2 + A6 

Table 5. Comparisons of critical characteristics of reclaimed 

base fluid 1 and base fluid 2. 

 

 
   

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Base fluid 1 before and after treatment with 

activated bentonite. 

 

 
 

The test sample is filled in the test cup to required level (40 

mm above the electrode surface). The test kit contains two 

spherical electrodes of standard diameter and inter-spacing of 

2.5 mm. Application of voltage is started after ensuring no air 

bubbles. The linear voltage rise of 2 kV/s by using the control 

knob. Five successive measurements of breakdown voltages 

are taken by giving time delay of one or two minute between 

each successive measurement. The time delay is given in 

order to disperse the byproducts to expel before next 

consecutive measurements are conducted. The average of five 

values is taken as breakdown voltage of the test sample [36]. 

4.2 FLASH POINT AND FIRE POINT 
MEASUREMENT 

The flash point of the sample is measured using Pensky 

Martin Flash point equipment at room temperature and 

pressure as per the specifications of ASTM D 93 [37]. The 

flash point is recorded when a temporary test flame stimulated 

on the oil’s surface. The vapour formed inside the test cup 

mix with atmospheric air to kindle a temporary fire on the oil 

surface less than one second. The Pensky Martin Flash point 

apparatus includes a closed brass test cup where the test 

sample is filled and the temperature of oil sample is increased 

by energy regulator. Similarly, the fire point is recorded when 

persistent fire on the oil’s surface; when a small test flame is 

introduced to the test sample [33, 34]. 

 

 
Critical 

Parameters 

 
Base Fluid 1 

 

 
% 

reclaimed 

Base 

Fluid 2 
 

Fresh 

Mineral 

Oil 

Before 

reclamation 

After 

reclamation 

Breakdown 

Voltage (kV) 
20 25 25 28 

Viscosity (cSt) 45 37 -17.8 27 

Flashpoint (°C 145 147 1.4 150 

Firepoint (°C) 150 153 2 160 
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4.3 VISCOSITY MEASUREMENT 

Viscosity is the measure of resistance offered by a fluid due 

to shear stress. The factors that determine the viscosity of the 

sample are temperature of oil and fluid resistance offered by 

the oil [33, 34]. For cooling, the free circulation of oil in the 

transformer tank should have the moderate viscosity. 

Viscosity of the oil is inversely proportional to the 

temperature of oil. The viscosity of the sample is measured 

using Redwood Viscometer equipment at room temperature 

and pressure as per the specification of ASTM D 445 [38]. 

The equipment contains a silver plated oil cup with orifice. 

 

5. RESULTS AND DISCUSSION 

5.1 EFFECT OF ANTIOXIDANT ON THE 
PROPERTIES OF BASE FLUID 1 AND BASE FLUID 2 

(AGED AND FRESH TRANSFORMER OIL) 

The base fluid 1 after treatment with activated bentonite 

compound shows less percentage of reclamation of oils 

critical properties, which can be observed from the Table 5. 

with antioxidants (A1 – A6) are given in Table 7 and are 

characterized in Figure 3. Somehow this enhancement is 

attributed due to the parallel mechanisms of antioxidants 

applied combinatorial mode. At normal room temperature and 

pressure (RTP) and elevated temperature (70°C) all the 

samples prepared from base fluid 1 shows good percentage of 

enhancement, especially with A2, A4 and A6. The efficiency 

of antioxidant at elevated temperature is not affected by the 

diminution of antioxidants in very less percentage. The 

samples with A2, A4 and A6 contain predominantly of Citric 

Acid (CA) and α-Tocopherol (α-T) combination. The 

significant property of CA and α-T is its parallel mechanisms 

such as synergism and regeneration of scavengers. The 

breakdown voltage of sample with A6 combination place 

highest in enhancement property due to the presence of 

Propyl Gallate (PG), which act as metal chelators. Similarly 

the enhancement percentage in breakdown voltage of samples 

prepared from base fluid 2 and antioxidants (A2, A4 and A6) 

is high when compared to other antioxidant combinations 

(A1, A3 and A5). 
 

Table 6. Critical characteristics of reclaimed base fluid 1 and 2 with antioxidants. 

 
 

Antioxidant Combination 

Breakdown Voltage (kV) 

at RTP 

Breakdown Voltage (kV) 

at 70°C 
Viscosity (cSt) Flashpoint (°C) Firepoint (°C) 

Base 

Fluid 1 

Base 

Fluid 2 

Base 

Fluid 1 

Base 

Fluid 2 

Base 

Fluid 1 

Base 

Fluid 2 

Base 

Fluid 1 

Base 

Fluid 2 

Base 

Fluid 1 

Base 

Fluid 2 

A1 27 33 33 41 39 29 147 154 149 162 

A2 39 52 48 57 37 34 151 152 162 170 

A3 28 36 30 38 39 29 146 158 153 165 

A4 41 49 51 56 40 28 155 160 159 167 

A5 34 39 37 45 39 30 145 159 153 165 

A6 45 52 60 60 35 32 152 155 160 168 

 

Though this reclaimed values of base fluid 1 does not govern 

any equivalent status of base fluid 2 (fresh transformer oil), 

the removal of sludges, suspended particles and clearance of 

oil are observed. For bringing the critical properties of the 

base fluid 1 for potential reuse in power transformer 

application, these oil should be enhanced with low cost high 

performance natural and synthetic antioxidants. The base fluid 

1 and 2 mixed with antioxidant combinations (A1 – A6) 

shows enhanced critical characteristics, which are publicized 

in Table 6. The critical characteristics of base fluid 1 and 2 

before and adding antioxidants are discussed here. 

5.2 BREAKDOWN VOLTAGE 

The breakdown strength of the samples from Table 6 

shows, the potential strength of antioxidant used in 

combinations. The breakdown strength of base fluid 1 after 

treatment with antioxidant is less compared to base fluid 2 

after adding antioxidants. The breakdown voltage 

enhancement percentage of base fluid 1 and 2 after added 

The BHT being used as an oxidation inhibitor with fresh 

transformer oil by oil manufacturers, the introduction of 

BHA, AA, CA, α-T and PG in combinations holds recorded 

outstanding performance, in particular only few combinations 

show high degree of enhancement. 

 
Table 7. Percentage Enhancement of breakdown voltage of reclaimed base 

fluid 1 and base fluid 2 with antioxidants (A1 – A6). 

 

 

 
Antioxidant 
Combination 

Breakdown Voltage (kV) 

at RTP 

Breakdown Voltage 

(kV) 
at RTP 

 
Base Fluid 

1 with 

antioxidants 

 

%
 

en
h

an
ce

m
en

t  
Base Fluid 2 

with 

antioxidants 

 
%

 

en
h

an
ce

m
en

t 

A1 27 8 33 18 

A2 39 56 52 86 

A3 28 12 36 29 

A4 41 64 49 75 

A5 34 36 39 39 

A6 45 80 52 86 
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7.2 VISCOSITY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
5.3 VISCOSITY 

 
The addition of antioxidants should not increase the 

viscosities of the samples prepared from base fluid 1 and 2 

with antioxidants. Since the increase in viscosity of oil may 

decrease the heat convection rate; possibly it could increase 

the electrostatic forces on the metal parts. The viscosity gets 

 
Table 8. Percentage Enhancement of viscosity of reclaimed 

base fluid 1 and base fluid 2 with antioxidants (A1 – A6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
altered while on temperature increase, but keeping the value 

7.3 FLASH AND FIRE POINT 

The flash and fire point being an important parameter in 

accessing the performance of liquid dielectric. The base fluid 

1 and 2 recorded after adding antioxidants (A1 – A6) shows 

good enhancement, which are shown in Table 9 and 10 and 

characteristics are depicted in Figure 5 and 6. 

Table 9. Percentage Enhancement of flash point of reclaimed base 

fluid 1 and base fluid 2 with antioxidants (A1 – A6). 

 

 
Antioxidant 

Combination 

Flashpoint (°C) 

 
Base Fluid 1 

with 
antioxidants 

 
%

 

en
h

an
ce

m
en

t  
Base Fluid 2 

with 
antioxidants 

 
%

 

en
h

an
ce

m
en

t 

A1 147 0 154 3 

A2 151 3 152 1 

A3 146 -1 158 5 

A4 155 5 160 7 

A5 145 -1 159 6 

A6 152 3 155 3 

The potential strength of antioxidant used in combinations to 

increase the flash and fire point is overpowering. The flash 

and fire point of base fluid 1 and 2 after treatment with 

antioxidants is high after added with antioxidants (A1 – A6). 

This enhancement percentage is accounted for all the 

antioxidant combinations (A1 – A6). This is because, when 

antioxidant reacts with free radicals and retards the formation 

of peroxides, which are prone to chain oxidation. For Samples 

of viscosity less than the base value is mandatory. The 

viscosity of samples from Table 6 shows the antioxidant used 

in combinations has positive and negative impact on viscosity 

value. The percentage increase and decrease of viscosities of 

the samples are shown in Table 8 and depicted in Figure 4. 

The viscosity of base fluid 1 and 2 after treatment with 

antioxidant (A1 – A5) is more or less equal when compared to 

antioxidant combination A6. The viscosity enhancement 

percentage of base fluid 1 and 2 added with antioxidant A6 

prove to be effective and less than the base viscosity value. 

 

 
Figure 5. Flash point characteristics of samples treated with 

antioxidants (A1-A6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Breakdown voltage characteristics of samples treated with 

antioxidants (A1-A6). 

 

 
Antioxidant 

Combination 

Viscosity (cSt) 

Base Fluid 
1 with 

antioxidants 

 
% 

decrement 

Base Fluid 
2 with 

antioxidants 

 
% 

decrement 

A1 39 -5 29 -7 

A2 37 0 34 -26 

A3 39 -5 29 -7 

A4 40 -8 28 -4 

A5 39 -5 30 -11 

A6 35 5 32 -19 
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prepared from base fluid 1 and 2 with A2, A4 and A6, these 

antioxidant combinations commonly contain Citric Acid (CA) 

and α-Tocopherol (α-T), which are stable during high 

temperature and the loss percentage of free radical scavengers 

can be compensated due to the presence of regenerators. 

Specifically for sample containing A2, the involvement of 

BHT adds additional momentum; which is thermally unstable 

with increasing ignition mixtures formed during 

experimentation. This enables the sample to posses’ high 

thermal strength during operation. 

 
Table 10. Percentage Enhancement of fire point of reclaimed base 

fluid 1 and base fluid 2 with antioxidants (A1 – A6). 

 

 
Antioxidant 
Combination 

Firepoint (°C) 

 
Base Fluid 1 

with 

antioxidants 

 
%

 

en
h

an
ce

m
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t  
Base Fluid 2 

with 

antioxidants 
 

%
 

en
h

an
ce

m
en

t 
A1 149 -3 162 1 

A2 162 6 170 6 

A3 153 0 165 3 

A4 159 4 167 4 

A5 153 0 165 3 

A6 160 5 168 5 

 

Figure 6. Fire point characteristics of samples treated with 

antioxidants (A1-A6). 

 

 

8. FUTURE SCOPE 

The use of natural ester with antioxidants and mixed 

dielectric as insulating fluids in transformer system is the 

expected to replace the traditional transformer liquid 

insulation. The measurement of critical characteristics of 

natural ester with antioxidants shows potential strength of 

antioxidants to transform the natural ester to meet commercial 

standard, moreover the possibility of mixed dielectric are also 

reported in literature [24, 34]. But still there are limited 

published research works in these platforms of natural ester, 

mixed dielectric and cryogenic insulations. This novelty in 

transformation gives a different dimension in the research of 

liquid dielectric. 

9. CONCLUSION 

The analysis is used to establish the reclamation of aged oil 

possible by treatment with activated bentonite. Moreover the 

combination of antioxidants is a proven technique for 

enhancing the reclaimed aged transformer oil and fresh 

transformer oil. The addition of natural and synthetic 

antioxidants (A1 – A6) with petroleum based transformer 

fluids (base fluid 1 and base fluid 2) enhances the critical 

properties of oil. More specifically the performance of 

enhanced base fluid 1 and 2 with antioxidants is stable at 

normal and elevated temperature. The important features of 

using antioxidants combination during experimentation apart 

from enhancement property are very less carbon content 

during breakdown and this constitute least percentage of 

dissolved gases. During experimentation of samples parallel 

mechanisms of antioxidants are observed. From inspection of 

results, combinatorial effect of high performance antioxidants 

is effective and less prone to chemical effects. Result offers a 

different dimension in estimating the performance of aged 

transformer oil and fresh transformer oil with antioxidants. 

Implementation of natural and synthetic antioxidants 

combination with different mechanisms with transformer oil 

suggest a new facet in the research of power transformers. 

This technique of reclamation and enhancement of aged 

mineral oil help to reuse the aged insulating fluids, in other 

words it helps to overcome oil shortages expected in the near 

future. This approach is also useful in avoiding harmful 

disposal of used transformer oil to environment. On the whole 

the analysis brings to a close conclusion, saying that the aged 

and fresh transformer oils enhanced using antioxidant is an 

apt solution for potential reuse in power transformer. 
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Abstract—Permanent magnet brushless DC 

(PMBLDC) motors are the latest choice of 

researchers due to their high efficiency, silent 

operation, compact size, high reliability and low 

maintenance requirements. These motors are 

preferred for numerous applications; however, 

most of them require Sensor less control of these 

motors. The operation of PMBLDC motors 

requires rotor-position sensing for controlling the 

winding currents. The Sensor less control would 

need estimation of rotor position from the voltage 

and current signals, which are easily sensed. This 

paper presents state of the art PMBLDC motor 

drives with the Sensor less control of these motors. 

 
Index Terms—Permanent magnet machines, brushless 

machines, PMBLDCM and sensorless control. 

 
[1] INTRODUCTION 

 
Permanent magnets (PMs) are widely uses in 

electrical machines in place of electromagnetic 

excitation due to many advantages such as no 

excitation losses, simplified construction, improved 

efficiency, fast dynamic performance and high torque 

or power per unit volume [1].The PM excitation in 

electrical machines was used for the first time in the 

early 19th century, but was not adopted due to the 

poor quality of PM materials. In 1932, the invention 

of Alnico revived the use of PM excitation systems, 

however it has been limited to small and fractional 

horse power dc commutator machines [3].In the 20th 

century, squirrel cage induction motors have been the 

most popular electric motors, due to its rugged 

construction. Advancements in power electronics and 

digital signal processors have added more features to 

these motor drives to make them more prevalent in 

industrial installations. However squirrel cage 

induction motors suffer from poor power factor and 

efficiency as compared to synchronous motors. On 

the other hand, synchronous motors and dc 

 
commutator motors have limitations such as speed, 

noise problems, wear and EMI due to the use of 

commutator and brushes. These problems have led to 

the development of permanent magnet brushless or 

commutator less synchronous motors which have PM 

excitation on the rotor [1]. Therefore, permanent 

magnet brushless (PMBL) motors can be considered 

a kind of three phase synchronous motor, having 

permanent magnets on the rotor, replacing the 

mechanical commutator and brush gear. 

Commutation is accomplished by electronic switches, 

which supply current to the motor windings in 

synchronization with the rotor position. The 

popularity of PMBL motors are increasing day by 

day due to the availability of high energy density and 

cost effective rare earth PM materials like Samarium 

Cobalt (Sm-Co) and Nd-Fe-B which enhance the 

performance of PMBLDCM drives and reduce the 

size and losses in these motors. The advancements in 

geometries and design innovations have made 

possible the use of PMBL motors in many of 

domestic, commercial and industrial applications. 

PMBL machines are best suited for position control 

and medium sized industrial drives due to their 

excellent dynamic capability, reduced losses and high 

torque/weight ratio. PMBL motors find applications 

in diverse fields such as domestic appliances, 

automobiles, transportation, aerospace equipment, 

power tools, toys, vision and sound equipment and 

healthcare equipment ranging from microwatt to 

megawatts. 

Advanced control algorithms and ultra-fast 

processors have made PMBLDC motors suitable for 

position control in machine tools, robotics and high 

precision servos, speed control and torque control in 

various industrial drives and process control 

applications. With the advancement in power 

electronics it is possible to design PMBL generators 

for power generation onboard ships, aircraft, hybrid 

electric cars and buses while providing reduced 

generator weight, size and a high payload capacity 

for the complete vehicle. In view of these 
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requirements of PMBLDCM drives, an attempt is 

made in this paper to introduce various aspects of 

PMBLDCM drives. 

 

[2] STATE OF THE ART 

 

PMBLDC motors are generally powered by a 

conventional three-phase voltage source inverter 

(VSI) or current source inverter (CSI) which is 

controlled using rotor position. The rotor position can 

be sensed using Hall sensors, resolvers or optical 

encoders [1]. These position sensors increase cost, 

size and complexity of control thereby reducing the 

reliability and acceptability of these drives. Due to 

the high cost of the motor and controller, very few 

commercial applications of PMBLDC motor. 

Recently some additional applications of PMBLDC 

motors have been reported in electric vehicles (EVs) 

and hybrid electric vehicles (HEVs) due to 

environmental concerns of vehicular emissions. 

PMBLDC motors have been found more suitable for 

EVs/HEVs and other low power applications, due to 

high power density, reduced volume, high torque, 

high efficiency, easy to control, simple hardware and 

software and low maintenance [9]. The cost of a 

PMBLDCM drive has two main components; one is 

the motor and other is the controller. Extensive 

research attempts have been made to reduce the cost 

and to increase the efficiency of these motors [4]. 

However, the cost of controllers and the power 

quality aspects of the drives are still under 

consideration. Due to ease of control in PMBLDC 

motors, they are preferred for numerous applications 

in low power and variable speed drives. 

 

[3] CONTROLLERS FOR PMBLDC MOTORS 

 

The control of PMBLDC motors can be 

accomplished by various control techniques using 

conventional six pulse inverters which can be 

classified in two broad categories as voltage source 

inverter (VSI) and current source inverter (CSI) 

based topologies. The controllers can further be 

divided on the basis of solid state switches and 

control strategies. The PMBLDCM needs rotor 

position sensing only at the commutation points, e.g. 

every 60°electrical in the three-phases; therefore, a 

comparatively simple controller is required for 

commutation and current control. The commutation 

sequence is generated by the controller according to 

the rotor position which is sensed using Hall sensors, 

resolvers or optical encoders. These sensors increase 

the cost and the size of the motor and a special 

mechanical arrangement is required for mounting the 

sensors. The system reliability also reduces due to the 

additional components and wiring. Therefore, the 

control complexity and high cost of the drive hold 

back the widespread use of PMBLDC motors. The 

cost reduction of controllers for PMBLDCM drives 

can be accomplished by two approaches, namely 

topological approach and control approach. In the 

topological approach, the number of switches, 

sensors and associated circuitry used to compose the 

power converter is minimized, whereas, new 

algorithms are designed and implemented in 

conjunction with the converter to produce the desired 

characteristics, in the control approach. To begin with 

the topological approach, topologies with more than 

one switch per phase, but less than conventional two 

switches per phase can be considered for low cost 

applications. However, there are some conventional 

topologies (i.e. six switch topology) for low cost 

applications also reported in the literature [6]. As the 

majority of applications of these motors are at low 

power levels, therefore, single phase AC mains fed 

PMBLDCM drives are considered in this paper. 
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Fig. 1 Load commutated converter topology [6] 

 

A single phase AC mains input based thyristorised 

load commutated converter topology as shown in Fig. 

1, has been reported [6] based on a current source 

inverter. Four-quadrant operation, current Sensor less 

control and wide operating speed range are good 

features of the proposed topology. However, the 

requirement of a big inductor for high capacity 

applications has been a major disadvantage of this 

topology. 

 
 

 

 
Fig. 2 Buck converter-CSI based topology [8] 
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Fig. 3 Cuk converter-CSI based topology [8] 

 

Some modifications in this thyristorised drive based 

on the buck and Cuk topology (schematic shown in 

Figs. 2 and 3) have been proposed in the literature [8] 

for reduction of harmonics and cost as well. The 

topologies with switches less than one per phase 

reported in the literature [5, 7] are modified from the 

basic VSI topology [1] (conventional six switch 

configuration as shown in Fig. 4). One such reported 

topology is a three phase four switch topology shown 

in Fig. 5, which has been tested with different 

schemes like PWM and hysteresis current control 

methods [5]. It has been modified for power factor 

correction [5, 7] resulting in a topology with a total of 

six switches as shown in Fig. 6. This topology has 

single phase to three phase conversion with 

sinusoidal input current close to unity power factor. 

This topology enables regenerative braking due to 

bidirectional power flow between ac input and 

PMBLDC motor via the DC link. This topology 

requires a symmetric PWM scheme for switching 

control, which can be generated using a digital signal 

processor (DSP) or a field programmable gate array 

(FPGA) [21]. 

 

 

 
m 

 
 
 
 
 
 
 
 
 

Fig. 4 Conventional VSI based topology [1] 
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Fig. 5 Three phase four switch topology [4, 5] 
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Fig. 6 3-ph. 4 switch topology without input rectifier 

[5, 7] 

 

Another topology in this category is the C-dump 

converter topology (shown in Fig.7) which has (n+1) 

switches for an n-phase machine [12]. For a three 

phase PMBLDC motor it has four sets of power 

switches and power diodes (one switch and one diode 

per set), of which three are connected with phase 

windings and one remaining set is connected with the 

capacitor for energy recovery. Since each phase has 

only one switch, the current in it could only be 

unidirectional; hence, it is very much similar to the 

half wave converter driven PMBLDCM in 

operation[12]. 

 

 

 

 

 

 

 

 

 

 

Fig. 7 C-dump topology [12] 

 

 

 

 

 

 

 

 

 

 
Fig. 8 Split supply converter topology [13] 

 

A half bridge power converter topology known as a 

split supply converter topology (shown in Fig.8) has 

also been used for PMBLDCM having one switch per 

phase and only two diodes for rectification [13]. This 

topology can be used with bifilar winding after 

incorporating some modifications; however it reduces 

motor utilization [4]. A buck converter based two 

phase PMBLDCM drive with bifilar winding (as 

shown in Fig. 9) can be used for low voltage 
m 

B 

applications only. Another topology, which combines 
the advantages of C-dump converter and split supply 

converter topologies, has been reported in the 

literature for the control of PMBLDCM [14]. This 

topology named the variable DC link converter 

topology (shown in Fig.10) has variable DC link 
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voltage, four quadrant operation and low voltage 

rating power switches as major strengths. Some 

topologies have been reported [5, 7-8, 21] which 

provide power factor correction (PFC) as well while 

controlling the operation of PMBLDC motors. A 

SEPIC converter based unipolar control has been 

reported [21] as one such topology (shown in Fig.11). 

These topologies have also been claimed as low cost 

controllers for PMBLDC motors. 

 

 

 

 

 

 

 

 

 

 

Fig. 9 Buck converter based topology for bifilar 

wound two Phase PMBLDC Motor [2] 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10 Variable DC link converter topology [14] 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11 SEPIC converter based topology [9] 

compared to conventional bipolar excitation of 

PMBLDC motors [9]. This leads to converter cost 

minimization and opens up scope for substantial 

applications where cost matters more than the 

accuracy of control. For proper operation of a 

PMBLDC motor, the flow of current in the stator 

windings must be synchronized to the instantaneous 

position of the rotor and therefore, the current 

controller must receive information about the 

position of the rotor. However, the presence of the 

position sensor is undesirable in many applications; 

therefore, position Sensor less schemes may be 

employed in which rotor position information is 

deduced from the voltages and currents in the motor 

windings. 

 

[4] POSITION SENSORLESS CONTROL 

METHODS 

 

The basic idea of position Sensor less control 

methods is to eliminate the position sensors (usually 

three Hall sensors). To accomplish this task, 

additional circuitry and computational0 efforts are 

required to estimate the commutation instances of the 

PMBLDC motor from the voltage and current signals 

which can easily be sensed. Therefore, Sensor less 

techniques demand high performance processors with 

large memory and program codes for computation 

and estimation, as compared to sensor-based drive 

systems. PMBLDC motors can be modeled by the 

same equivalent circuit for each phase winding, 

where the source voltage ‘v’ supplies current ‘i’ to 

the phase circuit consisting of series-connected 

resistance ‘R’, inductance ‘L’, and back EMF ‘e’. 

The back EMF is a result of the movement of the PM 

rotor, thereby, dependent on rotor position and 

proportional to rotor velocity. The machine voltage 

and current waveforms reflect the rotor-position 

dependence of the inductance and back EMF. 

Therefore, the voltage and current waveforms can be 

analyzed to extract the back EMF or inductance (or a 

combination of the two), from which the rotor 

position can be estimated in the position Sensor less 

schemes. The position Sensor less approach has 

many advantages, e.g. minimum installation cost, 

minimum space requirement, no environmental 

restrictions (e.g. high pressure and temperature 

environment in HVAC compressors), EMI free 

position information, reduced controller cost etc. 

These Sensor less techniques may be broadly 

categorized0 0as: back electromotive force (BEMF) 

0sensing, inductance or flux-linkage variation 

sensing [1, 5]. Closed-loop observer based methods 

Some of researchers have proposed unipolar 

excitation for PMBLDC motors, which need less 

electronic components and use a simple circuit  as 

to address position sensing in PM machines. 
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In PM brushless DC machines, the magnitude of the 

back EMF is a function of the instantaneous rotor 

position and has trapezoidal variation with 120º flat 

span. However, in practice, it is difficult to measure 

the back EMF, because of the rapidly changing 

currents in machine windings and induced voltages 

due to phase switching. The back EMF is not 

sufficient enough at starting until the rotor attains 

some speed. Therefore, it is a usual practice to make 

the initial acceleration under open-loop control using 

a ramped frequency signal so that the back-EMF is 

measurable for the controller to lock in. One of the 

popular starting methods is “align and go” [5-8] in 

which the rotor is aligned to the specified position by 

energizing any two phases of the stator and then the 

rotor is accelerated to the desired speed according to 

the given commutation sequences [22,23]. The “align 

and go” method suffers demagnetization of 

permanent magnets due to large instantaneous peak 

currents at starting. The zero-crossing points of the 

back EMF in each phase may be an attractive feature 

to use for sensing, because these points are 

independent of speed and occur at rotor positions 

where the phase winding is not excited. However, 

these points do not correspond to the commutation 

instants. Therefore, the signals must be phase shifted 

by 90° electrical before they can be used for 

commutation. The detection of the third harmonic 

component in back EMF, direct current control 

algorithm and phase locked loops have been 

proposed to overcome the phase-shifting problem. 

However, the direct current control algorithm suffers 

filtering problem of sensed voltage signals which 

limits the operation range above 200 rpm. The third 

harmonic approach assumes equal inductance in all 

three phases, which is only valid for surface-mounted 

magnet motors; however, in the case of rotors with 

saliency, errors in position estimation arise due to 

rapidly changing phase currents. To measure the back 

EMF across the terminals of a star-connected 

machine, it is necessary to have the machine’s star 

neutral terminal. The back EMF method has been 

applied in special-purpose low-cost applications for 

fans and pumps while ignoring these problems [10]. 

 

B. Inductance Variation Sensing 

The fundamental concept behind the inductance 

variation is the rate of current change in the motor 

which depends on the inductance of the winding. The 

inductance variation can be sensed after injection of a 

current pulse in the armature windings [5-8, 11]. This 

scheme is particularly useful at zero speed when 

there is no back EMF. This method is suitable for the 

IPM (Interior Permanent Magnet) BLDC motor with 

high performance material such as the NdFeB 

magnet. In order to get various inductance profiles, a 

large current pulse is required. Thus, these methods 

are not suitable for a SPM-type BLDC motor with 

ferrite magnets. Therefore, the application of 

inductance variation sensing methods may be useful 

to address the problem of starting, including 

identification of the rotor position before full 

excitation of the machine. Initial rotor position 

identification is particularly important in applications 

such as traction, where any reverse motion is not 

acceptable. Some authors [5-8] have also reported the 

detection of initial rotor position of a salient pole PM 

motor by high-frequency injection methods using 

voltage pulses. Despite implementation difficulties, 

several methods of position sensing from inductance 

variation have been applied for Sensor less operation. 

Low frequency excitation pulse results in large 

current amplitudes which facilitate easy detection, 

but can cause audible noise from the motor. Whereas 

high frequency avoids audible noise, but reduces 

current amplitudes. Therefore, choice of an 

appropriate modulation frequency and modification 

in the machine rotor can further improve rotor 

position sensing using this method.C. Flux Linkage 

Variation Sensing Flux- linkage variation sensing, 

which is based on the phase voltage equation of the 

motor. Since the phase flux linkages are a function of 

current and rotor position, therefore, phase flux 

linkage can be estimated continuously by integrating 

the voltage after subtracting the resistive voltage drop 

from the phase voltage. The open-loop integration is 

prone to errors caused by drift, which can be reduced 

if the pure integrator is replaced by a low pass filter 

or an alternative integrator structure. In most 

electrical machines, it is not practical to measure the 

phase voltages directly, because of isolation related 

issues; therefore, applied phase voltage is estimated 

from DC supply voltage of the solid-state converter 

[5]. 

 

[5] POWER QUALITY CONSIDERATION 

 

In recent years, the power quality considerations for 

various drives have been reported reasonably due to 

increased use of electronic equipment and AC motor 

drives in all walks of society i.e. household, 

commercial and industrial applications. A diode 

rectifier with a smoothing dc capacitor behaves as a 

harmonic voltage source, however, thyristor 

converters are a common and typical source of 

harmonic currents [21]. Therefore, any of these kinds 

of drives which behave as a nonlinear load are not a 

good option for power utilities. In view of these 

problems, some suitable measures are required for 

the compensation of these current harmonics. One 

very popular method is the use of filters i.e. passive 

or active wave shaping (series or parallel). The 
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current source nonlinear loads and voltage source 

nonlinear loads have dual relations to each other in 

circuits and properties and can be used with parallel 

and series filters, respectively, for harmonic 

compensation [22]. 

 

 

 

 

 

 

 
 

Fig. 12 Boost converter based PFC topology [7, 9] 

 

Fig. 6 shows a three phase four switch topology 

voltage source inverter (VSI) having total six 

switches including rectifier for PFC and Fig. 12 

shows a conventional six switch VSI topology with 

single phase PFC[15-18] at input mains of 

PMBLDCM drive. Conventional six switch 

converters have been reported with various PFC 

converters. A six switch single phase to three phase 

converter, which draws sinusoidal input current at 

close to unity power factor. In papers, some of these 

topologies are designed and modeled for a PMB LDC 

Motor of 1.5 kW in the MATLAB/Simulink 

environment. 

 

[6] CONCLUSIONS 

 

An exhaustive overview of PMBLDCM drives has 

been presented to provide a clear perspective on 

various aspects of these drives. The PMBLDCM 

drives are suitable for many applications; however, 

the choice of the motor (i.e. rotor configuration), 

control scheme (i.e. Sensor less or with sensors) and 

controller topology depends on the accuracy, cost, 

complexity and reliability of the system. A customer 

can select a PMBLDCM drive with their desired 

features, however, there is a tradeoff between the 

number of parameters (e.g. Sensor less or with 

sensors, accuracy, complexity, reliability and cost of 

controller).The performance of the PMBLDCM drive 

is improved with boost PFC topology in terms of low 

torque ripples, smooth speed variation and unity 

power factor at AC mains. 
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Abstract— Power electronics, which is a rapidly growing 

area in terms of research and applications, uses modern 

electronics technology to convert electric power from one 

form to another with variable output magnitude and 

frequency. It has many applications in our everyday life 

such as motor drives, and power supplies for computer. 

The ‘current’ drawn by these devices is distorted so there 

is a need for power factor correction converter. In this 

paper a comparative evaluation of different topologies of 

AC–DC converter is done for improved power factor and 

Total Harmonic Distortion. They are simulated in 

MATLAB and their results are shown. 
 

Index Terms— THD, PFC, PFC Boost Converter, PFC Double 

Boost Converter. 

 
I. INTRODUCTION 

An ideal single phase supply for domestic use is given by 

230 V, 50 Hz which has a proper sinusoidal shape. 

However the power system has impedance which restricts 

the flow of current mainly due to magnetic flux effects in 

substation transformers and transmission lines. It is not 

possible to completely avoid this impedance or nullify its 

effect to a much lower level. This in turn results in the 

voltage difference between the substation supplying power 

and the consumer point (voltage being less at the consumer 

point). On the other front growth of consumer electronics 

has resulted in increase of mains driven electronic devices. 

These devices have mains rectification circuits which is the 

main cause of mains harmonic distortion. There would be a 

lot of such devices and they would be drawing reactive 

power from the same supply phase resulting in significant 

amount of reactive current flow and generation of 

harmonics. Both the above affect the power factor of the 

transmission system. The former relating to the impedance 

affects the displacement power factor [1] while the latter 

one affects the distortion power factor of the system. Power 

factor reveals the electronic usage ratio which the 

household electronics consume, mainly focus on the degree 

of usage and waste. The better the power factor the better is 

the degree of power utilization and lesser is the waste. 

Hence it is always required to improve the power factor by 

some means or other and reduce THD [1,2].In this paper 

conventional rectifier, PFC boost and PFC double boost 

converter topologies are compared for power factor and 

THD. Simulation is carried out in MATLAB. 

II. POWER FACTOR 

Power factor [2-6] is defined as the cosine of the angle 

between voltage and current in an ac circuit. If the circuit is 

inductive current lags behind the voltage and power factor is 

referred to as lagging. However, in a capacitive circuit, current 

leads the voltage and the power factor is said to be leading. In 

simple terms, power factor can be defined as the ratio of real 

power to apparent power. 

 
A. For linear load 

 

Linear load draws pure sinusoidal current and voltage from 

the mains so the power factor can be calculated only by 

finding the phase difference between voltage and current. 

 

B. Non-linear load 

 

Generally, rectifiers that are used in power supplies, or in 

certain arc discharge device like fluorescent lamps, electric 

welding machines, arc furnaces constitute the non-linear load 

in a power system. The problem with this kind of equipment is 

other than current of fundamental frequency, current of 

frequencies which are multiples of power system frequency 

also flow through them. This is an outcome of regular 

interruption of current due to the switching action in the 

rectifiers. Due to the presence of this harmonic current the 

shape of the current waveform gets changed. To convert AC 

input voltage into DC output voltage line frequency diode 

rectifiers are used. In relatively low power equipment that 

needs some kind of power conditioning, such as electronic 

equipment and household appliances, we make use of single 

phase diode rectifiers. In devices with higher power rating, 

three-phase diode rectifiers are used. In both of these cases, to 

smoothen out the ripple and obtain a more or less constant DC 

output voltage, a large filtering capacitor is connected across 

the rectifier. Due to this, the line current becomes non- 

sinusoidal. In most cases, the amplitude of odd harmonics of 

the line current is considerable with respect to the fundamental 

and cannot be neglected. 

III. FORMS OF POWER FACTOR 

Power factor consists of two components: 
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 Displacement power factor 

 Distortion power factor 

The displacement power factor [1] is related to the phase angle 

while the distortion power factor is related to the shape of the 

waveform. Power factor (PF) 
 

 
 

 

 

 

Where I1rms is the current’s fundamental component and 

Irms is the current’s RMS(root mean square) value. 

is the phase angle displacement between the voltage 

waveform and the current waveform. 

is called as the distortion power factor. 

is known as the displacement power factor. 

If the waveform of both current and voltage are purely 

sinusoidal, then power factor is calculated as the cosine of the 

phase angle between the voltage and current waveforms. 

However, in reality always a non-sinusoidal current is drawn 

by most of the power supplies. When the current is not 

sinusoidal and the voltage is sinusoidal, distortion power 

factor comes into play which usually is the case. Displacement 

power factor comes due to the phase displacement between 

the current and voltage waveforms. This displacement is 

caused by the presence of reactance in the power supply 

system. On the other hand harmonic distortion is responsible 

for distortion power factor. What happens in reality is the rms 

value gets increased without any increase in the amount of 

power drawn. With increase of these effects the power factor 

of the power supply system reduces. These have the effect of 

pulling the power factor below the value of one. Another 

important parameter that measures the percentage of distortion 

is known as the current total harmonic distortion 

[1] which is defined as follows 
 

 

 

IV. EFFECTS OF HARMONICS 

 

The non-linear loads result in production of harmonic currents 

in the power system. These harmonics in turn result in various 

undesirable effects on both the distribution network and 

consumers. 

 In transformers, shunt capacitors, power cables, AC 

machines and switchgear, they cause extra losses 

and overheating leading to their premature aging and 

failure. 

 In a three-phase four-wire system, excessive current 

flows in the neutral conductor. This is due to odd 

triple-n current harmonics (triple-n: 3rd, 9th, 15th, 

etc.) and eventually they cause tripping of the 

protective relay due to overheating of the neutral 

conductor. 

 By interaction with the system components 

resonances take place in the power system. This 

causes huge increase in amplitude of peak voltages 

and RMS currents. 

 The line voltage that gets distorted due to the 

harmonics may affect other consumers connected to 

the electricity distribution network. 

 The power factor gets reduced. Due to this the active 

power that is available is less than the apparent 

power supplied. 

Other effects include - telephone interference, extra audio 

noise, cogging and crawling of induction motors, errors 

observed in metering equipments.[1,2,4] 

 
 

V. STANDARDS FOR LINE CURRENT HARMONICS 

 
For limiting the line current harmonics in the current 

waveform standards are set for regulating them. One such 

standard was IEC 555-2, which was published by the 

International Electro-technical Committee in 1982. In 1987, 

European Committee for Electro-Technical Standardization – 

CENELEC, adopted this as an European Standard EN 60555- 

2. Then standard IEC 555-2 has been replaced by standard 

IEC 1000-3-2 in 1995. The same has been adopted as an 

European standard EN 61000-3-2 by CENELEC. 

Hence, these limitations are kept in mind while designing any 

instrument. So that there is no violation and the negative 

effects of harmonics are not highly magnified 

 
VI. CONVENTIONAL RECTIFIER 

 

Rectifiers convert the AC supply into DC voltage source for 

either directly connecting to loads such as heater coils 

,furnaces, DC motors, etc., or for further conversion as in the 

case of UPS systems, variable frequency AC drives (VFD), 

switched mode power supplies (SMPSs), induction heating 

inverters, etc. Basically there are two types of rectifiers called 

uncontrolled rectifiers and controlled rectifiers. Most power 

electronics equipment including Drives use rectifiers at the 

input. 

 

Modeling , Simulation and Result of conventional rectifier 

 

 

Fig1. Conventional rectifier Simulink model 
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Fig 2.Waveform of voltage for conventional rectifier 
 

 

Fig 3.Waveform of current for conventional rectifier 
 

 

Fig 4.FFT Analysis of input current 

VI. POWER FACTOR CORRECTOR (PFC) 

 

Power factor correction is a modern concept which deals with 

increasing the degraded power factor of a power system by 

use of external equipments. The objective of this described in 

plain words is to make the input to a power supply appear as 

a simple resistor. As long as the ratio between the voltage and 

current is a constant the input will be resistive and the power 

factor will be 1.0. When the ratio deviates from a constant the 

input will contain phase displacement, harmonic distortion or 

both and either one will degrade the power factor 

 

Types of power factor corrector 

 

Power Factor Correction (PFC) can be classified as two types : 

 

 Passive Power Factor Correction 

 Active Power Factor Correction 

 

Passive Power Factor Correction 

 

In Passive PFC, only passive elements are used in addition 

to the diode bridge rectifier, to improve the shape of the line 

current. By use of this category of power factor correction, 

power factor can be increased to a value of 0.7 to 0.8 

approximately. With increase in the voltage of power supply, 

the sizes of PFC components increase in size. The concept 

behind passive PFC is to filter out the harmonic currents by use 

of a low pass filter and only leave the 50 Hz basic wave in 

order to increase the power factor. Passive PFC power supply 

can only decrease the current wave within the standard and the 

power factor cannot be corrected to 1. And obviously the 

output voltage cannot be controlled in this case. 

 
Active Power Factor Correction 

 

An active PFC is a power electronic system that is 

designed to have control over the amount of power drawn by a 

load and in return it obtains a power factor as close as possible 

to unity. Commonly any active PFC design functions by 

controlling the input current of the load in order to make the 

current waveform follow the mains voltage waveform closely 

(i.e. a sine wave). A combination of the reactive elements and 

some active switches are in order to increase the effectiveness 

of the line current shaping and to obtain controllable output 

voltage 

 
Advantages of Active Power Factor Correction 

 

 The weight of such a system is very less. 

 The dimension is also smaller and a power factor 

value of over 0.95 can be obtained through this 

method. 

 Diminishes the harmonics to remarkably low values. 

 By this method automatic correction can be obtained 

for the AC input voltage. 

 It is capable of operating in a full range of voltage 

 

VII. CONTROL TECHNIQUE OF CONVERTER 

 

Converter provides a regulated dc output voltage under varying 

load and input voltage conditions. The converter component 
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values are also changing with time, temperature and pressure. 

Hence, the control of the output voltage should be performed in 

a closed-loop manner using principles of negative feedback. 

The two most common closed-loop control [7] methods for 

PWM dc-dc converters, namely the voltage-mode control and 

the current mode control. 

In this paper Hysteresis current mode control (HCMC) 

Technique is used. HCMC technique switches the IGBT on 

when error between reference current and line current exceeds 

a fixed magnitude: the hysteresis band. This type of control 

needs a single comparator with hysteresis per phase. 

HCMC[8] technique has the constant on-time and the constant 

off-time control Hysteresis comparators are used to impose 

hysteresis band around the reference current. The hysteresis 

control scheme provides excellent dynamic performance 

because it acts quickly. Also, an inherent peak current limiting 

Capability is provided. To achieve smaller ripple in the input 

current, a narrow hysteresis band must be desired. However, 

then arrowed the hysteresis band, the higher the switching 

frequency. It is also possible to improve the hysteresis control 

in a constant frequency operation, but usually this will 

increase the complexity of the control circuit. Therefore, the 

hysteresis band should be optimized based on circuit 

components such as switching devices and magnetic 

components. Moreover, the switching frequency varies with 

the change of line voltage. According to this control 

technique, the switch is turned-on when the inductor current 

decreases below the lower reference input line current and is 

turned off when the inductor current increases above the upper 

reference input line current, giving rise to a variable frequency 

control. 

 

VIII. BOOST CONVERTER 

 

It is a type of power converter in which the DC voltage 

obtained at the output stage is greater than that given at the 

input. It can be considered as a kind of switching-mode power 

supply (SMPS). Although it can be formed in different 

configurations, the basic structure must have at least two 

semiconductor switches (generally a diode and a transistor) 

and one energy storing element must be used. Boost converter 

has good self PFC [6] property. 

 
Modeling, Simulation and Result of PFC Boost Converter 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 5. Boost Converter Simulink model 

 

 
Fig 6.Waveform of voltage for boost converter 

 

Fig 7.Waveform of current for PFC boost converter 

 

 

Fig 8.FFT Analysis of inductor current 
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IX. PFC DOUBLE BOOST CONVERTER 

 

Double boost as the name suggest two boost converters 

connected in parallel. Where L1 and switch T are for main 

PFC while L2 and T1 are for active filtering.[2-4] 

 

Purpose of filtering Circuit 

 

(1) It improves the quality of line current and reduces the PFC 

total switching loss. The reduction in switching losses occurs 

due to different values of switching frequency and current 

amplitude for the two switches. 

 

(2) It involves phase shifting of two or more boost converters 

connected in parallel and operating at the same switching 

frequency 

 

Modeling, Simulation and Result of PFC Double Boost 

Converter 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 9.PFC Double Boost Converter Simulink model 

 

Fig10.Waveform of voltage for PFC double boost converter 

 

 
 

Fig 11.Waveform of current for PFC double boost converter 
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Fig 12. FFT analysis of inductor current 

 

TABLE I. 
 

 
S.NO 

 
ANALYSIS OF PF AND THD 

 
TOPOLOGIES THDi (%) PF 

1. Conventional Rectifier 79.57 0.7825 

2. 
PFC Boost Converter 

11.15 0.9938 

3. PFC Double Boost Converter 8.17 0.9966 
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X. CONCLUSION 

In this paper three topologies are compared whose simulation 

results shows that PFC double boost converter has excellent 

power factor correction capability that is power factor is better 

and THD is less. This can be further improved by soft 

computing techniques. 
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Abstract: - Over the past several years, smart 

cards have achieved a growing acceptance as a 

powerful tool for security, identification, and 

authorization. Financial card issuers are moving to 

replace magnetic stripe cards with chip cards to 

reduce counterfeiting and fraud. The increasing 

computational power placed on the chip along 

with advances in cryptography has made the smart 

card a very powerful tool for identification. This 

system is called prepaid electricity system because 

the consumer has to top up for the amount of 

energy they desire and uses it until the credit 

expires. This project features a smart card secure 

solution for a novel prepaid electricity system. 

The proposed system uses a controller in addition 

to a power meter, providing efficient control of 

the amount of electricity consumed by the user. 

Keywords: - Smart card, Prepaid electricity 

system, Energy meter. 

 

INTRODUCTION 

The purpose of this paper is to design and develop 

an intelligent energy metering system that can 

efficiently control the amount of electricity 

consumed by the user. Electricity users can buy 

specific amount of energy to use it only when they 

needed. This is achieved by interfacing energy 

meter with smart card technology. Since the last 

decades of the past century, scientists and 

researchers have been worried about energy 

conservation. People spend much more power 

than what they actually need and that results in a 

huge loss of energy. Moreover, the continuous 

increase in the universal energy prices has resulted 

in a huge economical loss. Thus we are proposing 

a prepaid electricity smart card based system so 

people can buy specific amount of energy to use it 

only when they need. The purpose of this project 

is to reduce the power bill defaulter using smart 

card technology. Smart card based prepaid 

electricity is a unique and new concept which 

saves lot of time and power for electricity 

department. User can recharge the card whenever 

the power is required. People now can buy 

electricity in advance, using the so-called prepaid 

electricity cards in the form of smart cards. The 

proposed prepaid smart card can also be used to 

manage electricity consumption in a hotel room. 

Thus, people can consume only as much power as 

they really need. 

 

BLOCK DIAGRAM 

The project consists of a microcontroller, energy 

meter, relay, buzzer, LCD, Keypad and LED 

indicators. The microcontrollers internal non- 

volatile memory is used to store the electricity 

consumed. The non-volatile memory inside the 

Smartcard is used to store the prepaid amount. 

When the recharged units become zero on power 

consumption, the microcontroller put off all the 

loads connected to it by giving an audible beep 

sound. User has to recharge the same Smartcard 

for further usage of electricity. 

 

Regulated Power Supply: 

 

 
Block Diagram: 
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The major building blocks of this paper are: 

1. Regulated Power supply. 
2. Microcontroller. 

3. Smartcard Reader. 

4. Smart card. 

5. Digital Energy Meter. 

6. Opt coupler. 

7. Keypad. 

8. Crystal oscillator. 

9. Electromagnetic Relay with driver. 

10. LCD Display with driver. 

11. LED indicators. 

12. Buzzer with driver. 

 

The main objectives of the paper are: 

1. Energy conservation. 
2. User can recharge number of unit’s required 

(prepaid system). 

3. Lots of time and power saving for electricity 

department. 

4. Automatic controlling of energy meter. 

5. Non-volatile memory based energy meter 

storage. 

 

The paper provides the following learning’s: 

1. Smart card technology. 
2. Interfacing Smart card reader to 

Microcontroller. 

3. Relay working principle. 

4. LCD displays. 

5. Buzzer working. 

6. Embedded C language. 

7. Energy meter interfacing to Microcontroller. 

 

APPLICATIONS 

1. Household electrical systems. 
2. Hotels and short term residential houses. 

3. Industrial power consumers. 

4. Shared meter systems. 

 

SOFTWARE’S USED 

1. PIC-C compiler for Embedded C programming. 
2. PIC kit 2 programmer for dumping code into 

Micro controller. 

3. Express SCH for Circuit design. 

4. Proteus for hardware simulation. 

 

CONCLUSION 

A secure smart card based system for e-payment, 

implemented on prepaid electricity over the 

internet, was proposed. The smart card system has 

been designed and implemented successfully 

using a three tier model client-server system, 

which was shown to be superior over the two tier 

client-server system model. The proposed system 

has the benefit of using a secure smart card to log 

in to the network, and control the amount of 

money needed to be spent for the required 

electricity consumption based on the user profile 

stored on the card. The proposed system has also 

the unique feature of using an IP-based controller 

which provides remote access to company server 

without the additional cost of a PC. Work is 

ongoing for shifting to a true open platform 

multiplication smart card environment. 
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Abstract:-This paper reviews the evolution and 

present status of an Atomic Energy to develop a 

small, solid-state, passively cooled reactor power 

supply known as the Nuclear Battery.   The 

terms atomic battery, nuclear battery, tritium 

battery and radioisotope generator are used to 

describe   a   device   which   uses   energy   from 

the decay of a radioactive isotope to generate 

electricity. The Atomic Nuclear Battery is a new 

generation of power-generating devices based on 

the concept of producing electrical power from 

radio isotopic fuel sources. It is alleged by 

Executive engineering that recent innovations in 

both materials and technology have made such 

devices feasible to generate electrical power in a 

very efficient manner. Currently, MEMS laboratory 

is utilising the advanced techniques necessary for 

the fabrication of the Nuclear accelerated 

generating devices. 

Keywords: Nuclear Battery, Radioisotope, 

MEMS Device, Betavolataic, DC Generators. 

 

INTRODUCTION 
This paper describes the viability of nuclear 

batteries for powering realistic MEMS devices. 

Nuclear batteries are not nuclear reactors in 

miniatures, but the energy comes from high-energy 

particles spontaneously emitted by radioactive 

elements. Isotopes currently being used include 

alpha and low energy beta emitters. Gama emitters 

have not been considered because they would 

require a substantial amount of shielding. The 

sources are available in both soil and liquid form. 

Nuclear batteries use the incredible amount of 

energy released naturally by tiny bits of radioactive 

material without any fission or fusion taking place 

inside the battery. These devices use thin 

radioactive films that pack in energy at densities 

thousands of times greater than those of lithium-ion 

batteries. Because of the high energy density 

nuclear batteries are extremely small in size. 

Considering the small size and shape of the battery 

the scientists who developed that battery fancifully 

call it as "DAINTIEST DYNAMO". 

Since 1950’s the nuclear has taken a significant 

consideration in the energy source of future. Also, 

with the advancement of the technology the 

requirement for the lasting energy sources has been 

increased to a great extent. The solution to the long 

term energy source is, of course, the nuclear 

batteries with a life span measured in decades and 

has the potential to be nearly 200 times more 

efficient than the currently used ordinary batteries. 

These incredibly long- lasting batteries are still in 

the theoretical and developmental  stage of 

existence, but they promise to provide clean, safe, 

almost endless energy. Unlike conventional nuclear 

power generating devices, these power cells do not 

rely on a nuclear reaction or chemical process do 

not produce radioactive waste products. Batteries 

using the energy of radioisotope decay to provide 

long-lived power (10–20 years) are being 

developed internationally. Conversion techniques 

can be grouped into two types: thermal and non- 

thermal. The thermal converters (whose output 

power is a function of a temperature differential) 

include thermoelectric and thermionic generators. 

The non-thermal converters (whose output power is 

not a function of a temperature difference) extract a 

fraction of the incident energy as it is being 

degraded into heat rather than using thermal energy 

to run electrons in a cycle. Atomic batteries usually 

have  an  efficiency  of  0.1–5%.  High 

efficiency betavoltaics have 6–8%. 

 

HISTORY 
The idea of nuclear battery was introduced in the 

beginning of 1950, and was patented on March 3rd, 

1959 to Tracer lab. A radio isotope electric power 

system was developed by inventor Paul Brown 

which was a scientific breakthrough in nuclear 

power. Brown’s first prototype power cell 

produced 100,000 times as much energy per gram 

of strontium -90(the energy source) than the most 

powerful thermal battery yet in existence. 

 

ENERGY PRODUCTION 

MECHANISM 
Betavoltaic: - 

1. Betavoltaics is an alternative energy technology 

that promises vastly extended battery life and 

power density over current technologies. 

2. Uses energy from beta particles. 

http://en.wikipedia.org/wiki/Radioactive_decay
http://en.wikipedia.org/wiki/Radioactive
http://en.wikipedia.org/wiki/Isotope
http://en.wikipedia.org/wiki/Electricity
http://en.wikipedia.org/wiki/Radioisotope
http://en.wikipedia.org/wiki/Thermoelectric
http://en.wikipedia.org/wiki/Thermionic
http://en.wikipedia.org/wiki/Betavoltaics
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3. Beta particles emitted by radioactive gas is 

captured in Silicon wafer coated with diode 

material. 

4. It is similar to the mechanics of converting 

sunlight into electricity in a solar panel. 

5. Absorbed radiation creates electron-hole pair 

which in turn results in the generation of electric 

current. 

 
Block Diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
• Electrode A (P-region) has a positive potential 

while electrode B (N-region) is negative. 

 

Direct Charging Generators: - 

1. This method makes use of kinetic energy as well 

as the magnetic property of Alpha particles to 

generate current. 

2. It consists of a core composed of radioactive 

elements. 

3. Primary generator consists of a LC tank circuit. 

4. LC circuit produces the oscillations required for 

transformer operation. 
 

 

Here 

1- Capacitor 

2- Inductor 

3- Core with radioactive elements 

4- Transformer T primary winding 

5- Resistance 

6 -Secondary winding 
7 -Load 

 
WORKING 

1. Oscillations induced in LCR circuit damp out 

due to loss of energy. 

2. Here energy is imparted to the alpha particles 

during the decay of elements in the core. 

3. This energy is introduced to circuit when alpha 

particles are absorbed by the inductor. 

4. Oscillations sustain until amount of energy 

absorbed=amount of energy dissipated in ohmic 

resistance. 

5. This excess energy is delivered to the load 

connected across transformer T secondary winding. 

 
Fuel Considerations 

The major criterions considered in the selection of 

fuels are: 

1. Avoidance of gamma in the decay chain. 

2. Half life( Should be more) 

3. Cost should be less. 

4. Any radioisotope in the form of a solid that gives 

off alpha orbet a particle can be utilized in the 

nuclear battery. 

5. The most powerful source of energy known is 

radium-226. 

6. However Strontium-90 may also be used in this 

Battery. 

 
THE MAIN OBJECTIVES OF THE 

PAPER 

The main objectives of the paper are: 
1. Chemical batteries require frequent replacements 

and are bulky. 

2. Fuel and Solar cells are expensive and requires 

sunlight respectively. 

3. Need for compact, reliable, light weight and long 

life power supplies. 

4. Nuclear Battery uses emissions from 

radioisotope to generate electricity so there is no 

fear of hazardous radiations. 

5. Nuclear batteries have lifespan up to decades. 

6. Can be used in easily inaccessible and extreme 

conditions and reduce the rate of replacements. 

 

ADVANTAGES 
1. Life span- minimum of 10 years. 

2. Reliable electricity. 

3. Amount of energy obtained is very high. 

4. Lighter with high energy density. 

5. Less waste generation. 

6. Reduces green house and associated effects 

7. Fuel used is the nuclear waste from nuclear 

fission. 



99 
 

 

 

 

DRAWBACKS 
1. High initial cost of production as its in the 

experimental stage 

2. Regional and country-specific laws regarding 

use and disposal of radioactive fuels. 

3. To gain social acceptance. 

 

APPLICATIONS 
Space applications: 

1. Unaffected by long period of darkness and 

radiation belts like Van-Allen belt. 

2. Compact and lighter in weight. 

3. Can avoid refrigeration/heating equipments 

required for storage batteries. 

4. High power for long time independent of 

atmospheric conditions. 

5. NASA is trying to harness this technology in 

space applications. 

 

Medical applications: 

1. In Cardiac pacemakers. 

2. Batteries should have reliability and longevity to 

avoid frequent replacements. 

 

Mobile devices: 

Nuclear powered laptop battery Xcell-N has 7000- 

8000 times more life than normal laptop batteries. 

 
Automobiles: 

1. No need for frequent recharging as in case of 

present electric vehicles. 

2. Under-water sea probes and sea sensors 

 
CONCLUSION 

The world of tomorrow that science fiction dreams 

of and technology Manifests might be a very small 

one. It would reason that small devices would Need 

small batteries to power them. The use of power as 

heat and electricity from radioisotope will continue 

to be indispensable. Microelectronics advances 

sharply reduce internal current drain concurrently 

decreasing size and increasing functionality, 

reliability, and longevity. As technology grows, the 

need for more power and more heat will 

undoubtedly grow along with it. 

Clearly the current research of nuclear batteries 

shows promise in future applications for sure. With 

implementation of this new technology credibility 

and feasibility of the device will be heightened. 

The principal concern of nuclear batteries comes 

from the fact that it involves the use of radioactive 

materials. This means throughout the process of 

making a nuclear battery to final disposal all 

Radiation Protection Standards must be met. The 

economic feasibility of nuclear batteries will be 

determined by its applications and advantages. 

With several features being added to this little 

wonder and other parallel laboratory works going 

on, nuclear cells are going to be next best thing 

ever discovered in the human history. 
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Abstract— Distribution networks make up the last link in the 

chain of supplying energy. Their density and their complexity are 

usually larger than for the transmission systems which feed them 

through distribution substations. In this paper the traditional 

load flow studies for the 11 KV Banediya feeder which is situated 

Madhya Pradesh are employed for existing feeder and future 

distribution systems through the Mi Power software using GPS 

interfacing. Under this technical analysis 11 KV high tension line 

is furnished with 24 transformers of low tension line onto which 

load flow studies is performed which show that the results of 

losses are not as per the current norms of distribution system 

considering line length, capacity/conductor type and loading 

conditions. By using different improvements like transformer 

loading and resizing, change in conductor and Var compensation 

the present load flow approach related to distribution networks is 

formulated as a probabilistic power flow which takes advantage 

of telemeter variables and the radial nature of distribution 

circuits. 

A capital expenditure is also to be considered to make the system 

techno-economically feasible after considering improvements in 

the system. The most important problem to solve, in order to 

carry out this last type of study, is to provide accurate values of 

power consumption where they are not metered with low cost. 

 

Index Terms—GPS, Banediya feeder, Mi Power software, Var 

compensation, Rabbit cable, coyote cable. 

 
I. INTRODUCTION 

Technical analysis for the 11KV, Banediya feeder in Madhya 

Pradesh is furnished with 24 transformers altogether with load 

on low tension side of the transformers having voltage 

0.415kv.The geographical digitized diagram of the 11 KV, 

Banediya feeder along with LT network of 0.415KV line 

consisting of 24 transformer rated between 25KVA, 63KVA, 

100KVA, 200KVA considering 100%,80%,50% loading 

condition together with MVAr compensation is furnished in 

this paper. The Software is used for technical analysis are Map 

sourcing for interfacing GPS coordinates and Mi Power for 

the purpose of Load Flow Studies during different loading 

conditions and for MVAr compensation. 

 

1.1 Interfacing of Banediya feeder GPS coordinates in Mi 

Power Software 

GPS: The Global Positioning System (GPS) is a space- 

based satellite navigation system that provides location and 

time information in all weather conditions, anywhere on or 

 

near the Earth where there is an unobstructed line of sight to 

four or more GPS satellites. 

Steps involved in field survey of 11kV Feeder using GPS 

instrument 

 Identification of particular 11kV feeder of substation. 

 GPS point will be captured of each pole/DTCs of that 
feeder. 

 Rough sketch of the feeder will be done at the spot. 

 Filling up the given format (which contains asset data 

of every pole & noting down technical deficiencies). 

 Exporting the device data to notepad/text files. 

 Interface the text files into Mi Power Software to 
generate the network. 

 Simulate the given network and get the desired 

outputs 

 Improve the network as per the results. 
 

Fig.1 Snapshot of GPS Interfacing n Mi power software 

II. TECHNICAL ANALYSIS OF BANEDIYA FEEDER LOAD FLOW 

STUDIES 

 

NEED FOR LOAD FLOW ANALYSIS 

One of the most common computational procedures used in 

power system analysis is load flow study. The planning, 

design and operation of power systems requires such 

calculations to analyse the steady-state performance of the 

power system under various operating conditions and to study 

the effects of changes in equipment configuration. 

The load flow study, in general determines: 

1.Component or circuit loadings 

http://en.wikipedia.org/wiki/Satellite_navigation
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2.Steady-state bus voltages 

3.Reactive power flows 

4.Transformer tap settings 

5.System losses 

6.Performance under emergency conditions levels. 

Load flow studies can be used to determine the optimum size 

and location of capacitors for power factor improvement. 

Also, they are very useful in determining system voltages 

under conditions of suddenly applied or disconnected load. 

The results of a load flow study are also starting point for 

several other types of studies such as short circuit, stability, 

motor starting and harmonic studies. The load flow results 

represent an initial steady-state condition for these studies. 

LOAD FLOW ANALYSIS OF THE 11 kV, Banediya 

FEEDER and LT 0.415KV using Load flow study 
 

 
III. RESTRUCTURING OF THE SIMULATION MODEL 

TO BRING IMPROVEMENTS IN THE EXISTING SYSTEM 

In order to restructure the existing Banediya Feeder System 

we need to achieve the following objectives. 

I. Transformer loading and Resizing- As per normal 

conditions a transformer is not loaded not more than 

50%. Transformer will generally have an overloading 

capacity of 200% (double their rating) but these 

conditions are avoided by load shedding. As per the 

latest distribution norms in Madhya Pradesh an 

agricultural feeder is given a supply of 6 hrs and a 

domestic consumer is given 24 hrs supply. The 

reason being that agricultural if they are told to use 

10 HP motor, 100 HP motor will be used and to 

avoid the transformer failures. 

II.  VAR compensation- Reactive power neither 

consumes nor supplies energy. The reactive power 

associated with an inductive reactance is the value of 

the inductive reactance multiplied by the square of 

the current through it. The reactive power is 

 

measured by a quantity called volt-ampere reactive or 

VARs. As the length of a line increases, its inductive 

reactance increases, and the more capacitive reactive 

power needed to offset the effect and to maintain 

adequate voltage. 

 

The capacitive reactive power, QC, relates to the 

establishment of the electric field around a line. There are a 

number of ways to calculate this value, but the following offer 

insight into its effects on the transmission system. 

In a power system, under normal operations, the voltage level 

on any one line is kept more or less constant, so the reactive 

power associated with the capacitance of the line is also 

relatively constant. Charging current, IC, is defined as the line 

to neutral voltage divided by the capacitive reactance 

 

If the charging current becomes too large, much of the line’s 

current carrying capacity may be “eaten up” by charging 

current. This situation sets limits on the length of an overhead 

line or of a cable that can be operated without installing some 

intermediate measures to offset the capacitive current. It is 

useful to visualize the impact of various devices on the 

reactive power of a power system as follows: 

Sources of reactive power which raise voltage: 

 Generators 

 Capacitors 

 Lightly loaded transmission lines due to the 

capacitive charging effect. 

Sinks of reactive power which lower voltage: 

 Inductors; 

 Transformers; 

 Most heavily loaded transmission lines due to 

the I2 *XL effect; 

 Most customer load (due to the presence of 

induction motors and the supply to other 

electric fields). 

A synchronous generator can be made to be either a source of 

reactive power or a sink by using the  generator excitation 

system to vary the level of its dc field voltage. During peak 

load conditions generators are usually operated to supply 

reactive power to the grid. During light load conditions 

generators may be used to absorb excess reactive power from 

the grid, especially where there are long transmission lines or 

cables nearby 

III. Transformer relocation / restructured- Also known as 

DTC relocation. In such cases either the transformer 

of lower capacity will be replaced by a higher one or 

might be replaced by the desired one. For instance if 

the load demand is 60 kW it is feasible to put 

a100kVA transformer and not 200 kVA because the 

balance 100 kVA will not be used. More higher 

rating of the transformer more the heat losses. 

Similarly for 125 kW a 100 kVA transformer is not 

feasible so need to change the desired rating. 

IV. Changing the conductor size / type of feeder- 

Changing the feeder effectively reduces the loading 

on the line/cable. This due to the reason is the 
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capacity of the line and Impedance of the cable. A 

Cable which can carry 4 MVA can carry 4.8 MVA 

depending upon 20% growth rate in the load. More 

the conductor size less is the impedance and better 

power flow with less line losses or voltage drops will 

occur. 

IV. IMPROVEMENTS 

I. Changing the type of Cable: A rabbit cable can 

carry a maximum 3.5MVA and coyote cable can 

carry up to 6.8 MVA. Hence by using the coyote 

cable it should be beneficial from the point of 

improvements. Hence for changing the cable we 

should first go to Distribution analysis in tools of 

Mi Power. 
 

 
 

Fig 2.Changing in cable 

 

 
II. Transformer relocation / restructured: As we 

can see from the current graph that at Pole 

number 642 and Pole number 1261 there is a 

condition of overloading and by resizing the 

transformer the overloading would lead to 

balance load under normal conditions 

 

 
Fig 3.Graph of overloading condition 

III. VAR compensation: VAR Compensations are 

done for improving the voltages at the buses. 

Now since the exact compensation is not known 

 

what we can do in Mi Power compensation is 

available. We can choose the limits of along with 

steps. After entering we need to execute Optimal 

Load Flow using Q optimization. Once load 

Flow is executed in Mi Power we get the 

comparison results: 

Case:1   100% Loading Condition 
 

 
Fig 4. Comparison in Percentage losses of 100% loading and MVar 

condition 

 

Case 2: 80% Loading Condition 
 

Fig 5. Comparison in Percentage losses of 80% loading and MVar condition 

 
Case 3:  50% Loading Condition 

 

 
Fig 5. Comparison in Percentage losses of 50% loading and MVar condition 
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V. CAPITAL EXPENDITURE 

PLAN 

 

 
VI. CONCLUSION 

 
With the help of Mi Power software and doing a simulation on 

the existing network of 11 kv we conclude that losses are not 

as per the current norms of distribution system considering 

line length, capacity/conductor type and loading conditions. 

The present load flow approach related to distribution 

networks is formulated as a probabilistic power flow which 

takes advantage of telemeter variables and the radial nature of 

distribution circuits. 

Here with the help of transformer loading and resizing we are 

balancing the overloading conditions at two different poles 

location, which happened due to excessive loads and through 

the change in conductor from rabbit cable to coyote cable we 

 

are improving the voltage profile. With the help of VAr 

compensation we are improving the voltage profile as well as 

the losses present in the system. 

A capital expenditure is also to be considered to make the 

system techno-economically feasible after considering some 

improvements in the system. The most important problem to 

solve, in order to carry out this last type of study, is to provide 

accurate values of power consumption where they are not 

metered. Through capital expenditure analysis we conclude 

that the coyote cable is more beneficial than rabbit cable as we 

are saving 13 KW of power. 
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SINGLE LINE DIAGRAM OF 11kv BANEDIYA FEEDER 
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Abstract— In this paper, a simple single-phase grid- 

connected photovoltaic (PV) inverter topology 

consisting of a boost section, a low-voltage single- 

phase inverter with an inductive filter, and a step-up 

transformer interfacing the grid is considered. 

Ideally, this topology will not inject any lower order 

harmonics into the grid due to high-frequency pulse 

width modulation operation. However, the no ideal 

factors in the system such as core saturation-induced 

distorted magnetizing current of the transformer and 

the dead time of the inverter, etc., contribute to a 

significant amount of lower order harmonics in the 

grid current. A novel design of inverter current 

control that mitigates lower order harmonics is 

presented in this paper. 

Keywords: Grid connected PV Inverter, PV model, 

High frequency pulse width modulation etc. 

 

I. INTRODUCTION 

 

The field of Photovoltaic (PV) has experienced a 

remarkable growth for past two decades in its 

widespread use from standalone to utility interactive 

PV systems .As the cost of conventional energy 

sources continues to increase, alternative energy 

sources continue to gain in popularity beyond those 

that see them as a way to reduce environmental 

pollution. The new technological developments in 

renewable energy systems make them commercially 

viable alternatives. The topology of the solar inverter 

system is simple. It consists of the following three 

power circuit stages: 

1) a boost converter stage to perform maximum 

power point tracking (MPPT); 

2) a low-voltage single-phase H-bridge inverter; 

3) an inductive filter and a step-up transformer for 

interfacing with the grid. 

Fig. 1 shows the power circuit topology considered. 

This topology has been chosen due to the following 

advantages: The switches are all rated for low 

voltage which reduces the cost and lesser component 

count in the system improves the overall reliability. 

This topology will be a good choice for low-rated 

PV inverters of rating less than a kilowatt. The 

disadvantage would be the relatively larger size of 

the interface transformer compared to topologies 

with a high-frequency link transformer 
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[1]. The system shown in Fig. 1 will not have any 

lower order harmonics in the ideal case. However, 

the following factors result in lower order harmonics 

in the system: The distorted magnetizing current 

drawn by the transformer due to the nonlinearity in 

the B–H curve of the transformer core, the dead time 

introduced between switching of devices of the same 

leg , on-state voltage drops on the switches, and the 

distortion in the grid voltage itself. There can be a dc 

injection into the transformer primary due to a 

number of factors. These can be the varying power 

reference from a fast MPPT block from which the ac 

current reference is generated, the offsets in the 

sensors, and A/D conversion block in the digital 

controller. This dc injection would result in even 

harmonics being drawn from the grid, again 

contributing to a lower power quality. 

Hence, this paper concentrates on the design of 

the inverter current control to achieve a good 

attenuation of the lower order harmonics. It must be 

noted that attenuating the lower order harmonics 

using a larger output filter inductance is not a good 

option as it increases losses in the system along with 

a larger fundamental voltage drop and with a higher 

cost. The boost stage and the MPPT scheme are not 

discussed in this paper as a number of methods are 

available in the literature to achieve a very good 

MPPT . There has been considerable research work 

done in the area of harmonic elimination using 

specialized control. Multi resonant controller-based 

methods are used for selective harmonic elimination. 

The advantage of these methods is the simplicity in 

implementation of the resonant blocks. However, 

discretization and variations in grid frequency affect 

the performance of these controllers and making 

them frequency adaptive increases overall 

complexity . Also, as mentioned   the phase margin 

of the system becomes small with multi resonant 

controllers and additional compensation is required 

for acceptable operation. The study considers the use 

of repetitive controller-based harmonic elimination 

which involves complicated analysis and design. , 

The performance of the repetitive controller is very 

sensitive to frequency variations and needs structural 

change for better performance, which might affect 

the stability. 

 

 

 

 
Fig. 1. Power circuit topology of the 1 − φ PV 

system for a low-voltage inverter with 40V dc bus 

connected to 230V grid using a step-up transformer. 

 

 

 

 
II. ORIGIN OF LOWER ORDER HARMONICS 

This section discusses the origin of the lower order 

harmonics in the system under consideration. The 

sources of these harmonics are not modeled as the 

method proposed to attenuate them works 

independent of the harmonic source. The 
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fundamental current control using the proposed PRI 

controller is also explained. 

A. Origin of Lower Order Harmonics 

 
 

1) Odd Harmonics: The dominant causes for the 

lower order odd harmonics are the distorted 

magnetizing current drawn by the transformer, the 

inverter dead time, and the semiconductor device 

voltage drops. Other factors are the distortion in the 

grid voltage itself and the voltage ripple in the dc 

bus. The magnetizing current drawn by the 

transformer contains lower order harmonics due to 

the nonlinear characteristics of the B–H curve of the 

core. The exact amplitude of the harmonics drawn 

can be obtained theoretically if the B–H curve of the 

transformer is known . The phase angle of the 

harmonics due to the magnetizing current will 

depend on the power factor. 

 

 

 

 

 

 
Fig. 2. Generation of an inverter ac current reference 

from an MPPT block. 

 
of operation of the system. As the operation will be 

at unity power factor (UPF), the current injected to 

the grid will be in phase with the grid voltage. 

However, the magnetizing current lags the grid 

voltage by 90◦. Hence, the harmonic currents will 

have a phase displacement of either +90◦ or −90◦ 

depending on harmonic order. 

The dead-time effect introduces lower order 

harmonics which are proportional to the dead time, 

switching frequency, and the dc bus voltage. The 

dead-time effect for each leg of the inverter can be 

modeled as a square wave error voltage out of phase 

with the current at the pole of the leg . The device 

drops also will cause a similar effect but the 

resulting amount of distortion is smaller compared to 

that due to the dead time. Thus,for a single-phase 

inverter topology considered, net error voltage is the 

voltage between the poles and is out of phase with 

the primary current of the transformer. 

Using the values of the filter inductance, transformer 

leakage inductance, and the net series resistance, the 

harmonic current magnitudes can be evaluated. 

Again, it must be noted that the phase angle of the 

harmonic currents in this case will be 180◦ for UPF 

operation. Thus, it can be observed that the net 

harmonic content will have some phase angle with 

respect to the fundamental current depending on the 

relative magnitudes of the distortions due to the 

magnetizing current and the dead time. 

2) Even Harmonics: The topology under 

consideration is very sensitive to the presence of dc 

offset in the inverter terminal voltage. The dc offset 

can enter from a number of factors such as varying 

power reference given by a fast MPPT block, the 

offsets in the A/D converter, and the sensors. To 

understand how a fast MPPT introduces a dc offset, 

consider Figs. 2 and 3. In Fig. 2, dboost is the duty 

ratio command given to the boost converter switch, 
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Vpv and ipv are the panel voltage and current, 

respectively, Ppv is the panel output power, Vg is 

the rms value of the grid voltage, sin θ is the in- 

phase unit vector for the grid voltage is the reference 

to the current control loop from an MPPT block. As 

the power reference keeps on changing due to fast 

MPPT action, the current reference may have a 

nonzero average value, which is illustrated in Fig. 3 

for a step change in power reference which repeats. 

Assume that a certain amount of dc exists in the 

current control loop. 

 

 
 

Fig. 3. Occurrence of nonzero average in current 

reference due to a fast changing power reference 

from MPPT. 

 

This will result in applying a voltage with a dc 

offset across the L-filter and the transformer 

primary. The net average current flowing in the filter 

and the transformer primary loop will be determined 

by the net resistance present in the loop. This 

average current will cause a dc shift in the B–H 

curve of the transformer . This shift would mean an 

asymmetric nonlinear saturation characteristic which 

causes the transformer magnetizing current to lose 

its half-wave symmetry. The result of this is 

occurrence of even harmonics. The dc in the system 

can be eliminated by using the PRI controller which 

is discussed next. 

III. CONCLUSION 

For the power circuit topology considered, the 

dominant causes for lower order harmonic injection 

are identified as the distorted transformer 

magnetizing current and the dead time of the 

inverter. It is also shown that the presence of dc 

offset in control loop results in even harmonics in 

the injected current for this topology due to the dc 

biasing of the transformer. Modification to the 

inverter current control for a gridconnected single- 

phase photovoltaic inverter has been proposed 

in this paper, for ensuring high quality of the current 

injected into the grid. 
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Abstract— Brushless Direct Current (BLDC) 

motors are one of the motor types rapidly gaining 

popularity. BLDC motors are used in industries such 

as appliances, automotive, aerospace, medical, 

industrial, automation equipment and 

instrumentation. BLDC motors have many 

advantages over brushed DC motors and induction 

motors, such as better speed versus torque 

characteristics, high dynamic response, high 

efficiency and higher speed ranges. This paper 

proposes the development of BLDC motor using 

photovoltaic array to run the electrical vehicle. The 

development of advanced magnetic materials, power 

electronics and digital control systems make the 

Permanent Magnet BLDC motors an effective 

solution for wide range of inverter fed variable speed 

drives. The obtained power from the photovoltaic 

array can be fed to the BLDC motor through buck- 

boost converter. The Hall Effect sensor mounted on 

the motor shaft provides a position feedback to the 

driver circuitry of the inverter circuit, which allows 

the flow of current to stator phase windings in a 

controlled sequence to produce the desired torque 

and speed. In electric vehicle the BLDC motor drive 

is made by the power electronics devices and 

integrated circuits, its function is to receive the 

electric bike motor’s start, stop and brake so that 

control the hub motor to start, stop and brake. The 

speed feedback signal is used to control and adjust 

the speed and also provide protection and display. 

Using MATLAB the driver circuit was simulated 

and plotted. 

Keywords: Grid connected PV Inverter, PV model, 

High frequency pulse width modulation etc. 

 

I. INTRODUCTION 

 

Conventional dc motors are highly efficient and their 

characteristics make them suitable for use as 

servomotors. However, their only drawback is that 

they need a commutator and brushes which are 

subject to wear and require maintenance. When the 

functions of commutator and brushes were 

implemented by solid-state switches, maintenance- 

free motors were realized. These motors are now 

known as brushless dc motors. The construction of 

modern brushless motors is very similar to the ac 

motor, known as the permanent magnet synchronous 

motor. The stator windings are similar to those in a 

poly phase ac motor, and the rotor is composed of 
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one or more permanent magnets. Brushless dc 

motors are different from ac synchronous motors in 

that the former incorporates some means to detect 

the rotor position to produce signals to control the 

electronic switches. The most common position 

sensor is the Hall element, but some motors use 

optical sensors. Although the most orthodox and 

efficient motors are three-phase, two-phase brushless 

dc motors are also very commonly used for the 

simple construction and drive circuits. 

Although it is said that brushless dc motors and 

conventional dc motors are similar in their static 

characteristics, they actually have remarkable 

differences in some aspects. When we compare both 

motors in terms of present-day technology, a 

discussion of their differences rather than their 

similarities can be more helpful in understanding 

their proper applications. When we discuss the 

functions of electrical motors, we should not forget 

the significance of windings and commutation. 

Commutation refers to the process which converts 

the input direct current to alternating current and 

properly distributes it to each winding in the 

armature. In a conventional dc motor, commutation 

is undertaken by brushes and commutator; in 

contrast, in a brushless dc motor it is done by using 

semiconductor devices such as transistors. 

 

 

II. MATHEMATICAL MODELLING OF PV CELL 

 
PV arrays are built up with combined series/parallel 

combinations of PV solar cells, which are usually 

represented by a simplified equivalent circuit model 

such as the one given in Fig. It includes a current 

source, a diode, a series resistance and a shunt 

resistance. 

 

 

 

 
Fig. 1.PV cell equivalent circuit. 

 

 

 
In view of that, the current to the load can be given 

as: 

 

 
In this equation, Iph is the photocurrent, Is is the 

reverse saturation current of the diode, q is the 

electron charge, V is the voltage across the diode, K 

is the Boltzmann's constant, T is the junction 

temperature, N is the ideality factor of the diode, and 

Rs and Rsh are the series and shunt resistors of the 

cell, respectively. 

 

 

 

III. MATHEMATICAL MODEL OF BLDC 

 

The dynamic model of the BLDC motor is 

arrived from the following set of equations. 
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Va = R ia + L1 ( 
d 

i 
dt a 

 

) +ea (1) 
The equation of motion is 

J (d ωm /dt) + B ωm   = Te - Tl (9) 

where J = inertia, Kg m2 

Vb = R ib + L1 ( 
d
 

dt 

Vc = R ic + L1 ( 
d
 

dt 

ib ) +eb (2) 

 
ic ) +ec (3) 

B = friction coefficient, Nm/rad/sec 

Tl = load torque 
 

Electrical rotor speed and position are related by 

(d θr / dt) = (P/2) * ωm (10) 
 

Where R is the stator resistance per phase 

assumed to be equal for all three phases. 

The emfs ea , eb , ec are trapezoidal where Ep is 

the peak value. 

Ep = (Blv) N = λp ωm (4) 

where N = number of conductors in series per 

phase. 

v = velocity, rpm 

l= length of the conductor, m 

r = radius of the rotor bore, m 

ωm = angular velocity, rad/sec 

B=flux density of rotor magnets, Tesla 

λp= back emf constant, V/rad/sec 

If there is no change in the rotor reluctance with 

angle because of non salient rotor and assuming 

symmetric phases, 
L=Laa=Lbb=Lcc 

M= Lab=Lba=Lac= Lca=Lbc=Lcb 

L1=L-M since the stator phase currents are 

balanced (ia+ ib + ic =0) 
The instantaneous induced emfs are 
ea = fas(θr) λp ωm (5) 
eb = fbs(θr) λp ωm (6) 
ec = fcs(θr) λp ωm (7) 

where fas(θr) , fas(θr) , fas(θr) have the same shape 

as the emfs with max magnitude of +/-1 

 

The electromagnetic torque Te, is given by 

Te = λp[fas(θr) ia + fbs(θr) ib + fcs(θr) ic ] (8) 

IV. SIMULATION RESULTS 
 

 

 

 
Fig.2.Simulink model of PV Based BLDC motor drive 

 
 

 

 
Fig.3.Starting Response with Steady State 
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Fig.4.Step-down Voltage Response 

 

 
 

Fig.5.Step-up Voltage Response 

 
 

V. CONCLUSION 

This paper discuss about the closed loop speed 

control of BLDC motor in accordance with the 

change in load condition of an electric vehicle. The 

BLDC motor is a correct choice for various 

applications due to higher efficiency, higher power 

density and higher speed ranges compare to other 

motor drives.The simulation result shows that for 

various voltage level of PV array the set speed gets 

maintained by controlling the duty cycle of the buck- 

boost converter. The output characteristics and 

simplicity of model make it effectively useful in 

design of BLDC motor drives in various fields 

.From this proposed technique ensures the reliability 

of BLDC motor through renewable source by 

eliminating the fossil fuels and also environmental 

friendly for end of life vehicle. 
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Abstract: This paper provides a review of FACTS devices. The value of these FACTS is the improvement of security 

and efficiency of power transmission networks. Fast controllability in emergency situation provides increased 

flexibility and therefore stability and security advantages. The flexibility in control allows operating closer to stability 

limits and improve the efficiency of existing networks. 

 

1. Introduction 

One of the major causes of voltage instability 

is the reactive power limits of the power 

systems. The many literatures have proposed 

solutions for this problem, by using suitable 

location of Flexible AC Transmission Systems 

(FACTS) and proper coordination between 

FACTS controllers to improve voltage stability 

of the power systems. Hence, improving the 

systems reactive power handling capacity via 

Flexible AC transmission System (FACTS) 

device is a remedy for prevention of voltage 

instability and hence voltage collapse. The 

several literatures are proposed the different 

methods/techniques for enhancement of power 

system stability by placement of FACTS 

controllers, and coordination of FACTS 

controllers, one of the shortcomings of such 

methods is that they only consider the normal 

state of system. However, voltage collapses 

are mostly initiated by a disturbance (e.g. the 

outage of a line, or fault on system or 

generation unit, or increased in load demand). 

So to locate FACTS devices, consideration of 

contingency conditions is more important than 

consideration of normal state of system and 

some approaches are proposed to locate of 

FACTS devices with consideration of 

contingencies. 

 
2. Benefits of utilizing FACTS devices 

The benefits of utilizing FACTS devices in 

electrical transmission systems can be 

summarized as follows [1]-[4]: 

• Better utilization of existing transmission 

system assets. 

• Increased transmission system reliability and 

availability. 

• Increased dynamic and transient grid stability and 

reduction of loop flows. 

• Increased quality of supply for sensitive 

industries. 

•Environmental benefits   Better utilization of 

existing transmission system assets. 

 

 

 

 

 

 

 

 

 
Table 1. Technical benefits of the main FACTS devices 

 
3. Types of FACTS devices 

There are different classifications for the FACTS 

devices. Depending on the type of connection to the 

network FACTS devices can differentiate four 

categories: 

• series controllers 

• shunt controllers 

• series- series controllers 

• series- shunt controllers 

Depending on technological features, the FACTS 

Devices Load Flow 

Control 

Voltage 

Control 

Transient 

Stability 

Dynamic 

Stability 

SVC Good Best Good Better 

STATCOM Good Best Better Better 

TCSC Better Good Best Better 

UPFC Best Best Better Better 
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devices can be divided into two generations 

• first generation: uses thyristors with ignition 

controlled by gate(SCR). 

These two classifications are independent, 

existing for example, devices of a group of the 

first classification that can belong to various 

groups of the second classification. The main 

difference between first and second generation 

devices is the capacity to generate reactive 

power and to interchange active power. The 

first generation FACTS devices work like 

passive elements using impedance or tap 

changer transformers controlled by thyristors. 

The second generation FACTS devices work 

like angle and module controlled voltage 

sources and without inertia, based in converters, 

employing electronic tension sources fast 

proportioned and controllable and static 

synchronous voltage and current sources. 

 
4.1 First Generation of FACTS 

 
4.1.1. Static VAR Compensator (SVC) 

A static VAR compensator (or SVC) is an 

electrical device for providing fast-acting 

reactive power on high-voltage electricity 

transmission networks. SVCs are part of the 

Flexible AC transmission system device family, 

regulating voltage and stabilising the system[6]. 

The term "static" refers to the fact that the SVC 

has no moving parts (other than circuit breakers 

and disconnects, which do not move under 

normal SVC operation). Prior to the invention 

of the SVC, power factor compensation was the 

preserve of large rotating machines such as 

synchronous condensers. 

• second generation: uses semiconductors with 

ignition and extinction controlled by gate (GTO´s, 

MCTS, IGBTS, IGCTS, etc). 

 

Fig.1: Circuit for a Static VAR Compensator 

(SVC) 

The SVC is an automated impedance matching 

device, designed to bring the system closer to unity 

power factor. If the power system's reactive load is 

capacitive (leading), the SVC will use reactors 

(usually in the form of Thyristor-Controlled Reactors) 

to consume VARs from the system, lowering the 

system voltage. Under inductive (lagging) conditions, 

the capacitor banks are automatically switched in, 

thus providing a higher system voltage. They also 

may be placed near high and rapidly varying loads, 

such as arc furnaces, where they can smooth flicker 

voltage. It is known that the SVCs with an auxiliary 

injection of a suitable signal can considerably 

improve the dynamic stability performance of a 

power system. It is observed that SVC controls can 

significantly influence nonlinear system behavior 

especially under high-stress operating conditions and 

increased SVC gains. 
 

 

Fig. 2: FACTS devices (a) TCSC, (b) SVC, and (c) 

UPFC 
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common use is for voltage stability. 

4.1.2. Thyristor-Controlled Series Capacitor 

(TCSC) 4.2.2. Static Synchronous Series Compensator 

TCSC  controllers  use  thyristor-controlled  rea(SctSoSrC) 

(TCR) in parallel with capacitor segments of sTerhiiess  device   work   the   same   way   as   the 

capacitor bank. TCSC is an effective  SaTnAdTCOM.  It  has  a  voltage  source  converter 

economical means of solving problems of transsieerniat,lly   connected   to   a   transmission   line 

dynamic, steady state and voltage stability in tlhornogugh a transformer. It is necessary an energy 

transmission lines[7]. A TCSC is a series controsolluerdce to provide a continuous voltage through 

capacitive  reactance  that  can  provide  continauocuosndenser and to compensate the losses of the 

control of power on the ac line over a wide raVnSgCe.[8]. A SSSC is able to exchange active and 

The functioning of TCSC can be comprehenderdeabcytive power with the transmission system. 

analyzing   the   behavior   of   a   variable   induBcutot rif our only aim is to balance the reactive 

connected in series with a fixed capacitor. 

4.1.3.Thyristor-Controlled Phase Shifter 

(TCPS) 

In a TCPS control technique the phase shift 

angle is determined as a nonlinear function of 

rotor angle and speed. However, in real-life 

power system with a large number of 

generators, the rotor angle of a single generator 

measured with respect to the system reference 

will not be very meaningful. 

 
4.2 Second Generation of FACTS 

 
4.2.1. Static Compensator 

The emergence of FACTS devices and in 

particular GTO thyristor-based STATCOM has 

enabled such technology to be proposed as 

serious competitive alternatives to 

conventional SVC[5]. A static synchronous 

compensator (STATCOM) is a regulating 

device used on alternating current electricity 

transmission networks. It is based on a power 

electronics voltage-source converter and can 

act as either a source or sink of reactive AC 

power to an electricity network. If connected to 

a source of power it can also provide active AC 

power. It is a member of the FACTS family of 

devices. Usually a STATCOM is installed to 

support electricity networks that have a poor 

power factor and often poor voltage regulation. 

There are however, other uses, the most 

power, the energy source could be quite small. 

The injected voltage can be controlled in phase and 

magnitude if we have an energy source that is big 

enough for the purpose. With reactive power 

compensation only the voltage is controllable, 

because the voltage vector forms 90º degrees with 

the line intensity. In this case the serial injected 

voltage can delay or advanced the line current. 

 
4.2.3. Unified Power Flow Controller (UPFC) 

A unified power flow controller (UPFC) is the most 

promising device in the FACTS concept. It has the 

ability to adjust the three control parameters, i.e. the 

bus voltage, transmission line reactance, and phase 

angle between two buses, either simultaneously or 

independently. A UPFC performs this through the 

control of the in-phase voltage, quadrature voltage, 

and shunt compensation[9]. The UPFC is the most 

versatile and complex power electronic equipment 

that has emerged for the control and optimization of 

power flow in electrical power transmission systems. 

It offers major potential advantages for the static and 

dynamic operation of transmission lines. The UPFC 

was devised for the real-time control and dynamic 

compensation of ac transmission systems, providing 

multifunctional flexibility required to solve many of 

the problems facing the power industry. Within the 

framework of traditional power transmission 

concepts, the UPFC is able to control, 

simultaneously or selectively, all the parameters 

affecting power flow in the transmission line. 
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Alternatively, it can independently control both theBhilai-Chandrapur double circuit line 

real  and reactive  power  flow  in  the  line unlike  alBl hilai-Satpura and Satpura-Koradi lines 

other controllers. 

 

 

 

 

 

 

 

 

 

 

 

Fig.3: Unified Power Flow Controller 

5. Application of FACTS in Indian Power 

System 

In India at the time of independence, the power 

supply was essentially locally oriented and the 

highest system voltage was 132 kV. 

Subsequently, it rose to 220 kV and finally to 

400 kV level. Also 800 kV transmission system 

has been constructed, but charged at 400 kV 

level for operation at present. in India, a 

FACTS project has been undertaken in 

September 2000 which is an in-house 

development effort on 400 kV line between 

Kanpur (Uttar Pradesh) and Ballabgarh 

(Haryana) in the Northern Grid. The project is 

proposed to be implemented in two phases. 

Phase-I covers commissioning of 35% Fixed 

Series Compensation (FSC) consisting of two 

banks of 27% and 8%. Phase-I1 covers 

commissioning of Thyristor Controlled Series 

Capacitor (TCSC), under an R&D project. 

 
By judiciously applying series compensation, 

active power transfer and reactive power 

consumption of the transmission lines can be 

controlled application of series compensation 

on following 400 kV corridors were 

considered: 

 Itarsi-Indore double circuit line 

 Satpura-Indore line 

 Bhilai-Satpura line 

 Vindhyachal-Jabalpur double circuit line 

 Dadri-Malerkotla line 

 Kanpur-Ballabhgarh line 

 
6. Conclusion 

In FACTS devices the load ability of system 

increases. Also there are always a maximum 

number of FACTS devices beyond which the 

system load ability cannot be increased any 

further. When only one type of FACTS device 

is used, the UPFC has the best performance and 

after it, SVC and TCSC respectively. 

Using two different types of FACTS devices, the 

pair of SVC-UPFC has the best performance and 

after it, TCSC-UPFC and TCSC-SVC, respectively. 

Simultaneous use of these three FACTS devices is 

the best option. The most studied cases from the 

viewpoint of application are: 

Voltage Control:SVC, UPFC, STATCOM, TCSC 

and TCPST/PST. 

Assets Optimization: SVC, UPFC, STATCOM, 

TCSC, TCPST/PST and SSSC 

Line   Overload   Limiting: UPFC, TCSC and 

TCPST/PST. 

Avoid congestion and re-dispatch: UPFC, TCSC 

and SVC. 

Voltage stability and collapse: STATCOM, UPFC, 

TCSC and SVC. 

Angle stability: UPFC, TCSC, SVC and SSSC. 

N-1   Contingency   criteria   fulfillment: UPFC, 

TCSC, SVC and STATCOM. 

Transmission cost minimization: UPFC, TCSC, 

SVC, TCPST/PST, SSSC and STATCOM. 
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Abstract—This paper proposes a unique hybrid power 

generation system, fed by four power sources: wind 

power, solar power, storage battery, and diesel engine 

generator, and which is not connected to a commercial 

power system. Considerable effort was put into the 

development of active-reactive power and dump power 

controls. The result of laboratory experiments revealed 

that amplitudes and phases of ac output voltage were 

well regulated in the proposed hybrid system. Different 

power sources can be interconnected anywhere on the 

same power line, leading to flexible system expansion. It 

is anticipated that this hybrid power generation system, 

into which natural energy is incorporated, will 

contribute to global environmental protection on 

isolated islands and in rural locations without any 

dependence on commercial power systems. 

Index Terms—Dump load, dump power control, low 

cost, standalone hybrid power generation system, 

storage battery. 
 

I. INTRODUCTION 

 

Natural energy-based power generation systems are 

commonly equipped with storage batteries, to 

regulate output fluctuations resulting from natural 

energy variation. Therefore, it is necessary to prevent 

battery overcharging. As for the utility connected 

hybrid generation system consisting of a wind power, 

a solar power, and battery, the dump power is able to 

control to prevent overcharging the battery without 

dump load because of dump power transferred into 

the utility. As for the individual power generation 

system, it is considered that a PV system featuring 

low-cost and simple control, which incorporates 

maximum power point tracking control that makes 

use of diode characteristics, or a PV system that 

features output stability with a multiple-input dc–dc 

converter capable of controlling the output of 

different power sources in combination, or a 

cascaded dc–dc converter PV system that features 

good efficiency along with low cost, or a wind 

turbine system that features output stability with a 

combination of an electric double-layer capacitor and 

storage battery, is suitable for use with hybrid power 

generation systems to stabilize power supply. In 

contrast, the standalone hybrid system is mainly 

composed of natural energy sources (i.e., wind power 

and solar power), and a storage battery; and in some 

cases, a diesel engine generator may be incorporated 

into the system as well. However, there is a tendency 

that the greater the system sophistication, the more 

suitable the power control techniques are required to 

be. A dc–dc converter is mounted in both wind power 

and solar power generation systems. The two systems 

are interconnected at the output sides of individual 

converters and are also connected to the storage 

battery. In such a configuration, each dc–dc converter 

is capable of monitoring the current and voltage of 

the storage battery, and optimally controlling battery 

charging, to supply power to the load. In most cases 

where converters and storage batteries are set up at a 

centralized location, the storage batteries are 

commonly installed adjacent to the wind- and solar- 

power generation systems; therefore, there is 

generally no freedom to install the batteries on flat 

ground or in places with good vehicular access for 

easy maintenance and replacement. 

In a hybrid system with a centralized 

inverter setup, as shown in Fig. 1, the output of dc–dc 

converters is sent to an external dc–ac inverter to 

supply ac power to load. 
 

Fig. 1. Standalone hybrid wind-solar power generation 

system with centralized inverter setup. 
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controlled as necessary to prevent battery 

overcharging. Several different techniques to prevent 

battery overcharging are widely used. For instance, 

the battery is installed adjacent to the wind power 

generation system, and a solid-state relay or power 

device is used as control switch of dump load. 

Another technique is that surplus power is consumed 

by a hydrogen generator for a fuel battery instead of 

storage battery, and when the hydrogen tank becomes 

full, dump load is applied. While these techniques 

construct a dispersed installation of different power 

sources, installation of dump load is necessary. 

Further, a dedicated high-speed line for battery 

current/voltage status data transmission, or otherwise 

a high-tech dump load control method, is necessary. 

To resolve these problems, the authors have proposed 

a low cost, standalone hybrid wind-solar power 

generation system applying advanced power control 

techniques. This system has the following features: 1) 

dispersed installation of different power sources that 

are interconnected in parallel; 2) elimination of dump 

load by using a unique dump power control aimed at 

prevention of battery overcharging; 3) no need for 

dedicated high-speed line for battery current/voltage 

status data transmission; and 4) easy capacity 

expansion through parallel connection of additional 

power sources to cope with future load increases. 

Special attention has also been given to phased 

locked loop (PLL) control techniques. Through 

laboratory experiments, we investigated the behavior 

of current/voltage waves by inputting active-reactive 

power parameters into an experimental power control 

circuit and demonstrated a valid power control effect. 

 

Fig. 2. Standalone hybrid wind-solar power generation 

system with dispersed inverter setup. 
 

II. SYSTEM SUMMARY 

A. System Configuration 

 

The proposed standalone hybrid wind-solar power 

generation system is, as shown in Fig. 3, in outline 

composed of four power sources: a wind power 

generation system (with a WT converter and a WT 

inverter), solar power generation system (with a PV 

inverter), storage battery (with a bidirectional 

inverter), and engine generator (EG); and a control 

unit. The control unit acts to send ON/OFF operation 

commands to individual power sources and monitor 

power status via a simple communication line, which 

is all that is needed since the data traffic volume is 

small. Once an ON command is sent, each power 

source is autonomously operated via individual 

inverters; however, manual setting of inverter 

operating conditions is also possible if required. The 

inverters enable redundant parallel operation, making 

a reliable, stable power supply possible. 

 

Fig. 3. Proposed standalone hybrid wind-solar power 

generation system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. System operation flow 

 

B. System Operation 
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Major operation flows of the proposed hybrid system, 

as shown in Fig. 4, are as follows. 

1) When the remaining battery capacity is sufficient: 

EG operation stops, and all inverters operate in 

parallel. Power surplus and deficit according to the 

balance between the output and load can be optimally 

adjusted through battery charging or discharging. 

2) When the remaining battery capacity is 

insufficient: EG and all inverters operate in parallel. 

When power generated by wind and solar power 

generation systems is insufficient to meet load 

demand, EG compensates for the deficiency. 

Concurrently, EG charges the battery via the 

bidirectional inverter. This inverter regulates 

charging power for the battery so that EG can be 

operated at the optimal load factor congruent with 

high efficiency, following a command from the 

control unit. 

 

III. SYSTEM POWER CONTROL TECHNIQUES 

In the proposed hybrid system, we focused on how to 

control active-reactive power aiming at load sharing 

in parallel inverter operations, as well as how to 

control phase synchronization. Through our research 

activity, we devised an advanced dump power control 

technique without dump load. 

 

A. Active-Reactive Power Control 

 

Fig. 5 shows the basic power control block diagram 

for the inverter section. The auto-master-slave control 

technique is applied in all inverters. When EG is in 

operation, contactor A of each inverter is closed, and 

these contactors are in ac-synchronized operation 

with all inverters that act as slaves and with EG as 

master. When EG operation stops, contactor B of the 

storage battery bidirectional inverter is closed. 

This inverter functions as a master and is under the 

constant voltage constant frequency (CVCF) 

condition. Contactor A of each remaining inverter 

acting as a slave is closed. Then, ac-synchronized 

operation will be underway. In studying the 

developmental concept of our proposed hybrid 

system, we focused on the mechanism of the PLL in 

the active-reactive power control. 

1) Phase Locked Loop (PLL): The PLL, which acts 

as a phase synchronization control, is composed of: a 

phase comparator, low-pass filter, phase shifter, 

multiplier, and voltage controlled oscillator (VCO). 

The phase comparator acts to multiply the ac output 

voltage wave by the cosine wave reference obtained 

from the sine wave reference passing through the 

phase shifter. The multiplied wave is converted to dc 

voltage for VCO frequency control via the low-pass 

filter. During synchronization with phase coincidence 

of the two waves (i.e., sine wave reference and ac 

output voltage wave), dc voltage becomes zero. 

synchronization with phase coincidence of the two 

waves (i.e., sine wave reference and ac output voltage 

wave), dc voltage becomes zero. However, during 

synchronization with their phase shift, dc voltage 

does not become zero. Figs. 6 and 7 illustrate the 

individual waves and dc voltage for VCO frequency 
 

Fig.5. Basic power control block diagram of inverter section 

 

 
control when phase is coincident and shifted, 

respectively. The low pass filter acts as an error 

amplifier. By giving an active power reference (i.e., 

ac output voltage phase reference) to the amplifier, 

the phase shift between sine wave reference and ac 

output voltage wave is adjusted while 

synchronization is maintained in a locked state. That 

is, active power control is possible by altering the dc 

voltage. The dc voltage obtained through the low- 

pass filter is converted to the value of a timer counter 

by using the VCO. This value is defined as the 

duration for which the value obtained for a certain 

address in the sine wave reference data (256 
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addresses. figs. 7 and 8 show voltage waves in the 

status in which the phase difference between sine 

wave reference and ac output voltage wave varies 

with increasing or decreasing amplitude of ac output 

voltage. Fig. 9 shows the individual waves and dc 

voltage when ac output voltage becomes low, 

compared, while maintaining the phase difference 

between the two waves. In this figure, it can be seen 

that the dc voltage became low. To resolve this, we 

normalized the waves for which synchronization was 

required, and the normalized waves were input into 

the phase comparator, resulting in a stable output of 

active power. 

2) Operation of Parallel Inverters: We constructed a 

prototype standalone hybrid wind-solar power 

generation system, and conducted laboratory 

experiments. 

 
 

Fig. 7. When Vaco becomes low (before correction) (phase 

difference: Approx. 1.19 ms) 
 

Fig. 8. When Vaco becomes high (before correction) (phase 

difference: Approx. 0.7 ms). 
 

Fig. 9. When Vaco becomes low (after normalization) 

(phase difference: Approx. 0.98 ms). 

 
B. Dump Power Control 

 

Following research into active-reactive power control 

techniques, we endeavored to devise effective control 

of dump power. When either wind power or solar 

power generation becomes greater than load, EG 

stops, and the bidirectional inverter as a master is 

operated under the CVCF condition. Then, dump 

power, which is defined as the surplus portion 

obtained after deducting load from generated power, 

is used as charging power for storage battery. In the 

course of battery charging, an advanced technique to 

prevent battery overcharge is required. Dump load 

(e.g., a resistor load or radiator), which functions to 

consume dump power, is conventionally mounted 

in parallel with the battery or ac output point, as 

shown in Fig. 10. 
 

Fig. 10. Conventional dump power control technique. 

 

 

Fig. 11. Dump power control block diagram of 

bidirectional inverter. 

 

However, since dump power varies continuously, it is 

difficult to regulate dump load by simply inputting 

dump load, because this hinders flexible control of 
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battery charging. To stabilize both charging current 

and charging voltage of storage battery, we 

developed a unique advanced dump power control 

technique characterized by dump power regulation 

without any dump load. This technique allows for 

quick response to fluctuating dump power as well as 

reduction of needless dump power control, 

contributing to more effective use of natural energy. 

1) Dump Power Control Technique: Fig. 10 show 

the dump power control block diagram of the 

bidirectional inverter and that of theWT and PV 

inverters, respectively. 

 

IV. CONCLUSION 
The authors have proposed a unique standalone 

hybrid wind solar power generation system, which is 

characterized by PLL control and dump power 

control. In particular, dump power control allows for 

formation of a feedback loop in this system, meaning 

that there is no requirement for a dedicated high- 

speed line to transmit storage battery voltage and 

current data. In case the power line is used as a media 

for data transmission, the line voltage amplitudes can 

be applied as a means of data transmission; thus, 

there is no requirement for installation of any optical 

fiber transmission line or power line carrier system 

through which harmonic signals are applied to power 

line. In addition, neither dump load nor dump load 

control device are necessary. Under our dump power 

control, regulation of output is done without battery 

overcharging, and effective use of surplus power is 

made possible. This contributes to battery life 

extension and realization of a low-cost system. The 

system, through ac system interconnection, will also 

allow flexible system expansion in the future. 

Further, power sources including EG can be flexibly 

interconnected anywhere through the same power 

line, and power quality stability can be maintained by 

controlling the phase and amplitude of ac output 

voltage. It is expected that this hybrid system into 

which natural energy is incorporated, and which 

makes use of various power control techniques, will 

be applicable in rural locations, even those with poor 

communications media. The system will also 

contribute to global environmental protection through 

application on isolated islands without any 

dependence on commercial power systems. 
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energy in the power market has become a major 

concern in this emerging technology area. Therefore, 

establishing a desired power condition at the given 

points are best achieved using power controllers such 

as the well known High Voltage Direct Current 

(HVDC) and Flexible Alternating Current 

Transmission System (FACTS) devices. High Voltage 

Direct Current (HVDC) transmission systems are now 

getting more popular due to their low power losses and 

fast controllability of power in DC lines as compared 

to AC systems currently used. The primary goal for 

this study is to control the voltage and power flow 

direction by adjusting the firing angles of 

Rectifier (a) and extinction angle of inverter (y). 

The focus of this paper is to identify the 

improved Power Transmission Capability through 

control scheme and comprehensive analysis for a 

Unified Power Flow Controller (UPFC) on the basis 

of theory . The model was analyzed for different types 

of faults at different locations, keeping the location of 

UPFC fixed at the receiving end of the line, With the 

addition of UPFC, the magnitude of fault current and 

oscillations of excitation voltage reduces. Series and 

Shunt parts of UPFC provide series and shunt injected 

voltage at certain different angles. 

 

Key words: FACTS devices, Power transfer 

controllability, Flexible ac transmission system 

(FACTS), HVDC, PWM, Faults in HVDC 

System. 

 
 

I. INTRODUCTION 
 

The rapid development of power systems generated by 

increased demand for electric energy initially in 

industrialized countries and subsequently in emerging 

countries led to different technical problems in the 

systems, e.g., stability limitations and voltage problems. 

However, breaking Innovations in semiconductor 

technology then enabled the manufacture of powerful 

thrusters and, later of new elements such as the gate 

turn-off thrusters (GTO) and insulated gate bipolar 

transistors (IGBT). HVDC technology, in turn, has 

provided the basis for the development of flexible ac 

Transmission system (FACTS) equipment which can 

deregulation, however, Operational problems arise 

which create additional requirements for load flow 

control and needs for ancillary services in the system. 

This paper summarizes Flexible ac transmission system 

(FACTS),High-Voltage DC Transmission (HVDC), 

FACTS devices, Power transfer controllability, Faults in 

HVDC System are discussed in this paper to explain 

how greater performance of power network 

transmission with various line reactance can be 

achieved.[1,2]. 

 

(a) Reduced maintenance (b) Better availability 

(c) Greater reliability (d) Increased power 

(e) Reduced losses (f) Cost-effectiveness 

 
HVDC became a conventional technology in the 

area of back-to-back and two- terminal long-distance 

and submarine cable schemes [3]. However, only few 
multi terminal schemes have been realized up to now. 

However, further multi terminal HVDC schemes are 

planned in the future (Fig. 1). The main application area 
for HVDC is the interconnection between systems 

which cannot be interconnected by AC because of 

different operating frequencies or different frequency 
controls. This type of interconnection is mainly 

represented by back-to-back stations or long-distance 
transmissions when a large amount of power, produced 

by a hydropower plant, for Instance, has to be 

transmitted by overhead line or by submarine cable. 

HVDC schemes to increase power transmission 
capability inside of a system have been used only in a 

few cases in the past. Hingorani (2) proposed the 
concept of flexible ac transmission systems or FACTS, 

which includes the use of high power electronics, 

advanced control centers, and communication links, to 
increase the usable power transmission capacity to its 

thermal limit. [5]. 

 
When using carrier based Pulse Width 

Modulation (PWM), its switching frequency has to be 

increased (typically, 33 times fundamental frequency 

even higher [17], which cause considerable power 

losses. It reduces the total efficiency and economy of 

the UPFC-HVDC project. And they are also the 

Impediments for equipment aimed at the green, 

renewable Sector. Therefore, with regard to PWM 

technology suited for UPFC-HVDC, how to reduce 

switching frequency and possess good harmonics 

performance, excellent transient control Capability 

simultaneously becomes critical and this is exactly the 
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aim of the paper. 

 

The paper presents an innovative hybrid PWM 

technology, which comprises a combination of a first 

PWM with a first switching pattern and a second PWM 

with a second switching pattern. Hence during a first 

mode of operation, which may be a steady-state 

operation, the converter is controlled by the first PWM 

and during a second mode of operation, which may be a 

transient operation, the HVDC applications can be 

expected in the future to fulfill the requirements in 

deregulated [4,6]. Converter is controlled by the second 

PWM. An intelligent detection function which enables 

the modulation and the corresponding control system 

will smoothly switch from the first PWM to the second 

PWM and vice-versa when a disturbance causing a 

transient occurs. 

 

Fig 1 various types of HVDC Connections 

 

II. HVDC AND FACTS 

 
(i) HVDC converters and functionalities for 
power Transmission enhancements. 

During the state of power exchange in interconnected 

lines to a substation under variable or constant power, 

the HVDC converters comprehends the power 

conversion and later stabilizes the voltage through the 

lines giving a break even margin in the power 

transmission [9, 4]. The operation of HVDC filters any 

system harmonics developed in the network and 

improves the power transmission to the receiving end 

by independently adjusting the real and reactive power 

control. The significance of HVDC controller 

considered as part of FACTS family device is a 

structure of the back-to-back converter that governs the 

conversion of ac-dc-ac; like FACTS [9, 12, and 14]. 

HVDC is assigned for frequency and phase independent 

short or long distance overhead or underground bulk 

power transmission with high speed controllability [9, 

4]. This provides greater real power transmission and 

less maintenance. It reduces the chances of installing 

power cables especially in difficult transmission that 

travels under water [4, 10]. The installation of HVDC 

also depends on the dc voltage and current ratings 

desired in the network that yields for optimum 

converter cost. The converters terminate The DC 

overhead lines or cables that are linked to AC buses and 

network [9]. 

The operation of HVDC is restricted when network 

system contains low short circuit ratios. Therefore, 

insulation in the HVDC is essential in such cases. 

However, this does not restrict the converter stations 

operation. The HVDC insulation must withstand the 

stress produced in ac and dc voltages to allow full 

operation of HVDC in the lines. In addition to this 

Graetz’s theory is applied into the system to measure 

system harmonics occurring in the system to further 

allow energy conversion in the HVDC system. 

 
HVDC used for submarine cables 

connection will normally have 12-pulse converters as 

shown in Fig. 1 and Fig. 3. The bridge converter circuit 

contains delta and Wye type transformer. The 

transformer windings filter out system harmonics that 

occur by using the 6-pulse Graetz bridge converter [10]. 

Passive filters involved components like reactors, 

capacitors and resistors are the ones that remove the 

Harmonics [9]. 

 

 
Fig. 2 HVDC terminal station in cable 

transmission 
 

 
Fig.3 Schematic diagram of HVDC back-to- 

back converter station 
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𝑄 = √𝑆2 − [
𝑉𝑛𝑑𝑐 𝐼𝑛 𝑑𝑐 𝑉 2 

𝐼   ] ………… (7) 
𝑚𝑘 𝐼 𝑆𝑛 𝐼𝑑𝑐 𝑑𝑐 

 

The assumptions for the algebraic equations are then 

 

cos 𝛼 =𝑥𝑅 + 𝐾𝑝(𝐼𝑅𝑂 − 𝐼𝑑𝑐 ) ....................................... (8) 

 
 

𝑉 = 3√2 𝑉 
 

cos 𝛼 - 3 𝑉 
 

cos 𝛼 - 3 𝐼 
 

….... (9) 
𝑅𝑑𝑐 𝜋 𝑘 𝜋   𝑘 𝜋𝑡𝑅 

𝑑𝑐 

 

 
Fig. 4 Transformers and valve in 12-pulse 

bridge converter 

𝐼𝑅𝑂 =
 𝑉𝑘  

𝑚𝑅 

 3√2 

………………… (10) 

 
3 

 
(ii) Operation condition of HVDC converter 

𝑉𝐼𝑑𝑐 = 

 
 

𝑉𝑚 cos(𝜋 − ϓ) - 𝑋𝑡𝐼𝐼𝑑𝑐 ……….. (11) 

𝑆 = 
3√2 𝑉𝑛𝑑𝑐𝐼𝑛𝑑𝑐  𝑉  𝐼 ………………… (12) 

Rectification of voltage-current using the sending-end 

converter, pole 1, filters the system harmonic and 

𝐼 𝜋 

 
𝐼 = 𝑉𝑚 

𝑆𝑛 𝑚   𝑑𝑐  
 

…………………… (13) 
‘noise’ occurring in the transmission. When power is 

filtered, the conversion from DC is direct back into the 

𝐼𝑂 𝑚𝐼 

AC line at the Receiving-end of the HVDC pole 2 

(fig.2). this sequence operated instantaneously when 

matching the AC and DC voltage during the conversion 

process. Requirements for this Conversion must have 

adequate impedance either on the AC or DC side of the 

HVDC [10], see Fig. 3. The availability of the 

Smoothing inductors is to control the pulses of constant 

current flows into the transformer’s secondary 

windings. This is because the transmission current has 

pulses travels from the Primary side of the transformer, 

which have specific types of Connection and ratio [9]. 

Thyristor schemes are more feasible in the converters. 

HVDC and FACTS used this scheme to generate 

automated switching for close accuracy in their voltage 

conversion. 

For an optimal converter utilization and low 

peak inverse Voltage across the converter valves, 

typical 3-phase bridge Converter is normally used. 

Simple transformers that installed in the lines resist 

voltage variation and high direct voltages when 

insulated. The assumption and representation of HVDC 

block-set are expressed in equations (5) to (13) . 

The assumptions for the algebraic equations 

are then 

(𝑉𝑅𝑑𝑐 − 𝑉𝐼𝑑𝑐 − 𝑅𝑑𝑐 𝐼𝑑𝑐 ) 

This expression represents a single DC line circuit with 
two AC/DC converters connected as a RL circuit 

 

(iii) Flexible AC Transmission System 

(FACTS) 

The objective of incorporating FACTS is into 

the power system lines are similar to HVDC but greater 

flexibility are involved like improving real power 

transfer capability in the lines, prevention of sub- 

synchronous resonance (SSR)oscillations and damping 

of power swings [9]. FACTS devices have four well- 

known types which are used in many power systems in 

the world [9, 4, 10]. ‘ Single ’ type controller is the 

types of FACTS that installed in series or shunt in an 

AC transmission line, while ‘ unified ’ type controller 

are the combined converters type of FACTS controllers 

like UPFC and HVDC.The following types of FACTS 

devices are VSC type based controllers: 

 
(a) Shunt controller: example device, STATCOM 

emulates like a variable inductor or can be a capacitor 

in shunt or parallel connection in the transmission line. 

This type of device is capable of imitating inductive or 

capacitive reactance in turns to regulate line voltage at 

the point of coupling. Shunt controller in general 
𝐼𝑑𝑐 = ⁄𝐿𝑑𝑐 

………… (1) controls the voltage injection [4]. 
 

𝑥𝑟 = 𝐾𝐼 (𝐼𝑅𝑂 − 𝐼𝑑𝑐 ) ………… (2) 

𝑥𝐼 = 𝐾𝐼 (𝐼𝑅𝑂 − 𝐼𝑑𝑐 ) …………. (3) 

(b) Series controller: example device, SSSC emulates 

like a variable inductor or a capacitor in series with a 

transmission line and it imitates inductive or capacitive 

reactance in turn to regulate effective line reactance 

𝑃 =  
𝑉𝑛 𝑑𝑐 𝐼𝑛 𝑑𝑐  𝑉 𝐼 ………….. (4) between the two ends. Series controller in general 

𝑘𝑚 𝑆𝑛 𝑅 𝑑𝑐 𝑑𝑐 

controls current injection [4]. 

𝑄 =  √𝑆2 −  [
𝑉𝑛𝑑𝑐 𝐼𝑛 𝑑𝑐 𝑉 

 

2 
𝐼   ] ……… (5) 

 
(c) Shunt-series controller:   can be   a standalone 

𝑚𝑘 
 

 
𝑃 

𝑟 
 
 

= 
𝑉𝑛𝑑𝑐𝐼𝑛𝑑𝑐 𝑉 

𝑆𝑛 

 
𝐼 

𝑅 𝑑𝑐 𝑑𝑐 
 

 
.……………….. (6) 

controller as STATCOM and SSSC. This type of 

controller is a reactive compensator with the exception 
𝑚𝑘 𝑆𝑛 𝐼𝑑𝑐 𝑑𝑐 of producing its own losses. It is also recognized as 

𝜋 𝜋 
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“unified” controller and requires small amount of power 

for DC circuit exchange occurring between the shunt 

and series converters [4]. See Fig.2 for shunt- series 

controller. 
 

 

 
Fig. 5 Series-shunt compensator, UPFC 
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Abstract— In silicon-controlled rectifier (SCR) dc motor drive 

control, it is desirable for a microprocessor to perform both the 

control law computations and the logical functions of SCR firing. 

However, because of their limited real-time capabilities, present- 

day microprocessors cannot accommodate excessively lengthy 

control algorithms. This paper presents a method, suitable for 

microprocessor implementation, of controlling the position or 

speed of an SCR dc motor drive which uses a half-wave single- 

phase supply. The state-space equations of the system are first 

obtained 

Keywords - SCR,Single Phase Fully Controlled Converte.r, 

Microcontroller (AT89C52), D.C. Motor, Zero cross detector, 

L.C.D. module. 

also unidirectional in the sense that they allow electrical power 
to flow from the ac side to the dc side only. These two 
disadvantages are the direct consequences of using power 
diodes in these converters which can block voltage only in one 
direction. As will be shown in this module, these two 
disadvantages are overcome if the diodes are replaced by 
thyristors, the resulting converters are called fully controlled 

 

3 Bit control 
 

 

 

 

 

I. Introduction 
This paper deals with the single quadrant operation of d.c. 

motor drive with the help of single phase fully controlled 
converter. This paper is microcontroller based system in which 
most of the controls are handled by microcontroller in such a 
way that all the parameters like current, voltage and direction 
of revolution of motor etc. are scanned and controlled 
continuously and all these parameters are also available to the 
display as well as to the computer for further analysis. 

This paper is versatile and standalone system and 
most of the facilities to interface with PC is implemented. With 
the help of this paper the analysis can be made for overall 
phenomenon of single quadrant drive by analyzing the saved 
data in the computer. This paper is also have number of further 
enhancement like extension to four quadrant drive as far as the 
hardware is concern, on software side, we can design most 
interactive software for displaying the data on computer in 
form of graphs, digits, further processing etc. 

II. System Discription and working. 

Single phase uncontrolled rectifiers are extensively used in a 
number of power electronic based converters. In most cases 
they are used to provide an intermediate unregulated dc voltage 
source which is further processed to obtain a regulated dc or ac 
output. They have, in general, been proved to be efficient and 
robust power stages. However, they suffer from a few 
disadvantages. The main among them is their inability to 
control the output dc voltage / current magnitude when the 
input ac voltage and load parameters remain fixed. They are 
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Figure: 1. Block Diagram. 

 
LOAD 

 
 

 

The single phase fully controlled bridge converter is obtained 
by replacing all the diode of the corresponding uncontrolled 
converter by thyristors. Thyristors T1 and T2 are fired together 
while T3 and T4 are fired 180º after T1 and T2. From the 
circuit diagram of Fig 1(a) it is clear that for any load current to 
flow at least one thyristor from the top group (T1, T3) and one 
thyristor from the bottom group (T2, T4) must conduct. It can 
also be argued that neither T1T3 nor T2T4 can conduct 
simultaneously. For example whenever T3 and T4 are in the 
forward blocking state and a gate pulse is applied to them, they 

Thyristors are semi controlled devices which can be turned ON 
by applying a current pulse at its gate terminal at a desired 
instance. However, they cannot be turned off from the gate 
terminals. Therefore, the fully controlled converter continues to 
exhibit load dependent output voltage / current waveforms as in 
the case of their uncontrolled counterpart. However, since the 
thyristor can block forward voltage, the output voltage / current 
magnitude can be controlled by controlling the turn on instants 
of the thyristors. Working principle of thyristors based single 
phase fully controlled converters will be explained first in the 
case of a single thyristor half wave rectifier circuit supplying an 
R or R-L load. However, such converters are rarely used in 
practice. 

Full bridge is the most popular configuration used with 
single phase fully controlled rectifiers. Analysis and 
performance of this rectifier supplying an R-L-E load (which 
may represent a dc motor) is given here. [1],[2],[3] 

 

A. Single Phase Fully Controlled Converter 

Full bridge is the most popular configuration used with single 
phase fully controlled rectifiersMaintaining the Integrity of the 
Specifications. 

Full bridge is the most popular configuration used with single 

phase fully controlled rectifiers. Fig shows the circuit diagram 

of a single phase fully controlled bridge converter. It is one of 

the most popular converter circuits and is widely used in the 

speed control of separately excited dc machines. Indeed, the 

R–L–E load shown in this figure may represent the electrical 

equivalent circuit of a separately excited dc motor 
 

 
 

Figer.2 (a) (b) 

turn ON and at the same time a negative voltage is applied 
across T1 and T2 commutating them immediately. Similar 
argument holds for T1 and T2. 

For the same reason T1T4 or T2T3 can not conduct 
simultaneously. Therefore, the only possible conduction modes 
when the current i0 can flow are T1T2 and T3T4. Of coarse it 
is possible that at a given moment none of the thyristors 
conduct. This situation will typically occur when the load 
current becomes zero in between the firings of T1T2 and T3T4. 
Once the load current becomes zero all thyristors remain off. In 
this mode the load current remains zero. Consequently the 
converter is said to be operating in the discontinuous 
conduction mode. 

Fig 2(a) shows the voltage across different devices and the 
dc output voltage during each of these conduction modes. It is 
to be noted that whenever T1 and T2 conducts, the voltage 
across T3 and T4 becomes –vi. Therefore T3 and T4 can be 
fired only when vi is negative i.e, over the negative half cycle 
of the input supply voltage. Similarly T1 and T2 can be fired 
only over the positive half cycle of the input supply. The 
voltage across the devices when none of the thyristors conduct 
depends on the off state impedance of each device. The values 
listed in Fig 2(b) assume identical devices. 

Under normal operating condition of the converter the load 
current may or may not remain zero over some interval of the 
input voltage cycle. If i0 is always greater than zero then the 
converter is said to be operating in the continuous conduction 
mode. In this mode of operation of the converter T1T2 and 
T3T4 conducts for alternate half cycle of the input supply. 
However, in the discontinuous conduction mode none of the 
thyristors conduct over some portion of the input cycle. The 
load current remains zero during that period. [1],[2] 

 

B. Zero Crossing Detector. 

Zero crossing is used as a reference for measuring firing angle 
of the scr. Output from transformer serves as input for low 
power quad OPAMP LM324 (IC4).[2] 

To all 
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Figure:4. Output waveforms of zero crossing detectors 

C. Firing pulse generation. 

20 pin microcontroller AT89C4051 processes the instruction 
form the first microcontroller and generates the scr firing 
pulses accordingly. Output from the zero crossing detector is 
connected to pin p1.0 and is used to get the count for the half 
cycle. This count is then used to get the counts for the various 
levels. Zero crossing detector output is also used to synchronize 
the scr pulse with the input supply frequency. Fig. shows the 
flowchart for its working. 

 

D. Flow Chart. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure:4.Block diagram 

 

E. Microcontroller (AT89C52). 

Atmels micro-controller IC AT89C52 is the heart of the 
circuit as well as this project. This controller belongs to Micro- 
controller family 8051. All necessary circuits for AT89C52 i.e. 
Reset, Oscillation circuit (by crystal), Pull-Up resistors etc. are 
present around micro-controller.Four ports of micro-controller 
are utilized to connect to Key s/w, to LEDs, to LCD panel and 
Relay section. This port scheme is as follows: 

Above block is the main controlling block which is connected 
to all other blocks so that controller can control them. This 
block consists of a Microcontroller which is the heart of whole 
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circuit and the required auxiliary circuit like reset, oscillator 
and noise cancellation. The main controller IC used here is 
AT89C52 which is a member of 51 based Microcontroller 
family. For oscillations 11.0592 MHz ceramic crystal is used 
so that exact baud rates can be generated. For power ON, 
resetting as well as intended resetting a capacitor, a resistance 
and a switch combination is used 

The controller acts as the heart of whole system. The 8052, 
Intel's second generation of microcontrollers, rules the 
microcontroller market at the present time. Although featuring 
a somewhat bizarre design, it is a very powerful and easy to 
program chip. 

Split memory architecture with separate address spaces for 
program memory and data memory. The program memory can 
be up to 64K. The lower portion (4K or 8K depending on type) 
may reside on chip. The 8052 can address up to 64K of 
external data memory, and is accessed only by indirect 
addressing. The 8052 has 256 bytes of on-chip RAM, plus a 
number of special functions register (SFRs). I/O is mapped in 
its own space.[2],[4] 

F. Memory Section: 

This Section Contains arrangement for Storing various 
control and menu, mode or other setting parameters into a 
dedicated non volatile memory. Here we used here a popular 
“Flash Based” EEPROM IC (Electrical Erasable 
Programmable Read Only Memory) AT24C04 from ATMEL 
Semiconductors. 

The AT24C01A/02/04/08/16 provides1024 / 2048 / 4096 / 
8192 / 16384 bits of serial electrically erasable and 
programmable read-only memory (EEPROM) organized as 
128/256/512/1024/2048 words of 8 bits each. The device is 
optimized for use in many industrial and commercial 
applications where low-power and low-voltage operation are 
essential. 

Main Features offered by this IC are: 

• Low-voltage and Standard-voltage Operation 

– 2.7 (VCC = 2.7V to 5.5V) 

– 1.8 (VCC = 1.8V to 5.5V) 

• Internally Organized 128 x 8 (1K), 256 x 8 (2K), 512 x 8 

(4K), 1024 x 8 (8K) or 2048 x 8 (16K) 

• Two-wire Serial Interface 

• Schmitt Trigger, Filtered Inputs for Noise Suppression 

• Bi-directional Data Transfer Protocol 

• 100 kHz (1.8V) and 400 kHz (2.5V, 2.7V, 5V) 

compatibility 

• Write Protect Pin for Hardware Data Protection 

• 8-byte Page (1K, 2K), 16-byte Page (4K, 8K, 16K) Write 

Modes 

• Partial Page Writes Allowed 

• Self-timed Write Cycle (5 ms max) 

• High-reliability 

– Endurance : 1 Million Write Cycles 

– Data Retention : 100 Years 

• Automotive Grade, Extended Temperature and Lead- 

free/Halogen- free Devices available 

• 8-lead PDIP, 8-lead JEDEC SOIC, 8-lead MAP, 5-lead 

SOT23, 8-lead TSSOP and 8-ball dBGA2 Packages 

• Die Sales: Wafer Form, Waffle Pack and Bumped Wafers 

Memory Organization AT24C01A, 1K SERIAL EEPROM: 
Internally organized with 16 pages of 8 bytes each, the 1K 
requires a 7-bit data word address for random word addressing. 
AT24C02, 2K SERIAL EEPROM: Internally organized with 
32 pages of 8 bytes each, the 2K requires an 8-bit data word 
address for random word addressing. AT24C04, 4K SERIAL 
EEPROM: Internally organized with 32 pages of 16 bytes each, 
the 4K requires a 9-bit data word address for random word 
addressing. 

F. SCR CONTROL BY PULSE TRANSFORMER 

Among the many ways to drive a SCR the pulse transformer is 
one of the easiest. By applying some simple rules it can be used 
to design an efficient scr triggering circuit without reduction of 
the commutation capability of the SCR. 

G. LCD Module: 

To display various temperature values as well as moving 
Messages, an LCD Module (44780) is used. LCD employed 
here is a two line, 16 Characters per line, and 5X7 dots per 
character LCD. 

 
III. OPERATION IN THE CONTINUOUS CONDUCTION MODE 

As has been explained earlier in the continuous conduction 
mode of operation i0 never becomes zero, therefore, either 
T1T2 or T3T4 conducts. Fig shows the waveforms of different 
variables in the steady state. The firing angle of the converter is 
α. The angle θ is given by 

1Esinθ=2V (10.15) 

It is assumed that at t = 0- T3T4 was conducting. As T1T2 
are fired at ωt = α they turn on commutating T3T4 
immediately. T3T4 are again fired at ωt = π + α. Till this point 
T1T2 conducts. The period of conduction of different thyristors 
are pictorially depicted in the second waveform (also called the 
conduction diagram) of Fig 3 
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Figer 3. 

The dc link voltage waveform shown next follows from this 
conduction diagram and the conduction table shown in Fig 3. It 
is observed that the emf source E is greater than the dc link 
voltage till ωt = α. Therefore, the load current i0 continues to 
fall till this point. However, as T1T2 are fired at this point v0 
becomes greater than E and i0 starts increasing through R-L 
and E. At ωt = π – θ v0 again equals E. Depending upon the 
load circuit parameters io reaches its maximum at around this 
point and starts falling afterwards. Continuous conduction 
mode will be possible only if i0 remains greater than zero till 
T3T4 are fired at ωt = π + α where upon the same process 
repeats. The resulting i0 waveform is shown below v0. The 
input ac current waveform ii is obtained from i0 by noting that 
whenever T1T2 conducts ii = i0 and ii = - i0 whenever T3T4 
conducts. The last waveform shows the typical voltage 
waveform across the thyristor T1. It is to be noted that when 
the thyristor turns off at ωt = π + α a negative voltage is applied 
across it for a duration of π – α. The thyristor must turn off 
during this interval for successful operation of the converter. 
[1],[2],[4] 

IV. CONCLUSION 

This paper aiming at the smooth speed control of dc motor with 
low cost and light in weight. The pulse transformer provides an 
excellent method to trigger a SCR when galvanic insulation is 
required. Nevertheless it needs some precautions to avoid a 
decrease of the SCR commutation behavior. This precaution is 
achieved by adding a diode in series with the gate. 

Finally, it is shown from simulation experiments that the 
scheme is effective in controlling a 3-hp dc motor. 

This paper has a number of further enhancements. Some of 
them reside in Hardware and some are in Software part. 

As far as the present system is concern, this paper may be 
extended in future as:- 

Scope for handling all four quadrants. 

Scope for extension of controlling actions up to “Dual 
Converter” for more control by enhancing number of SCRs up 
to 4. 

Scope for extension of controlling actions up to “Full 
Converter” for Complete Controlling actions control by 
enhancing number of SCRs up to 8. 

Scope for handling more than one motor at a time by just 
attaching more Fire-Controlled circuits with the Fire- 
Controlling Section. 

As far as software is concern, we can design most interactive 
software for displaying the data on computer in form of graphs, 
digits, further processing etc. 
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Abstract—This paper proposes a unique hybrid power 

generation system, fed by four power sources: wind 

power, solar power, storage battery, and diesel engine 

generator, and which is not connected to a commercial 

power system. Considerable effort was put into the 

development of active-reactive power and dump power 

controls. The result of laboratory experiments revealed 

that amplitudes and phases of ac output voltage were 

well regulated in the proposed hybrid system. Different 

power sources can be interconnected anywhere on the 

same power line, leading to flexible system expansion. It 

is anticipated that this hybrid power generation system, 

into which natural energy is incorporated, will 

contribute to global environmental protection on 

isolated islands and in rural locations without any 

dependence on commercial power systems. 

Index Terms—Dump load, dump power control, low 

cost, standalone hybrid power generation system, 

storage battery. 
 

I. INTRODUCTION 

 

Natural energy-based power generation systems are 

commonly equipped with storage batteries, to 

regulate output fluctuations resulting from natural 

energy variation. Therefore, it is necessary to prevent 

battery overcharging. As for the utility connected 

hybrid generation system consisting of a wind power, 

a solar power, and battery, the dump power is able to 

control to prevent overcharging the battery without 

dump load because of dump power transferred into 

the utility. As for the individual power generation 

system, it is considered that a PV system featuring 

low-cost and simple control, which incorporates 

maximum power point tracking control that makes 

use of diode characteristics, or a PV system that 

features output stability with a multiple-input dc–dc 

converter capable of controlling the output of 

different power sources in combination, or a 

cascaded dc–dc converter PV system that features 

good efficiency along with low cost, or a wind 

turbine system that features output stability with a 

combination of an electric double-layer capacitor and 

storage battery, is suitable for use with hybrid power 

generation systems to stabilize power supply. In 

contrast, the standalone hybrid system is mainly 

composed of natural energy sources (i.e., wind power 

and solar power), and a storage battery; and in some 

cases, a diesel engine generator may be incorporated 

into the system as well. However, there is a tendency 

that the greater the system sophistication, the more 

suitable the power control techniques are required to 

be. A dc–dc converter is mounted in both wind power 

and solar power generation systems. The two systems 

are interconnected at the output sides of individual 

converters and are also connected to the storage 

battery. In such a configuration, each dc–dc converter 

is capable of monitoring the current and voltage of 

the storage battery, and optimally controlling battery 

charging, to supply power to the load. In most cases 

where converters and storage batteries are set up at a 

centralized location, the storage batteries are 

commonly installed adjacent to the wind- and solar- 

power generation systems; therefore, there is 

generally no freedom to install the batteries on flat 

ground or in places with good vehicular access for 

easy maintenance and replacement. 

In a hybrid system with a centralized 

inverter setup, as shown in Fig. 1, the output of dc–dc 

converters is sent to an external dc–ac inverter to 

supply ac power to load. 
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Fig. 1. Standalone hybrid wind-solar power generation 

system with centralized inverter setup. 

 

controlled as necessary to prevent battery 

overcharging. Several different techniques to prevent 

battery overcharging are widely used. For instance, 

the battery is installed adjacent to the wind power 

generation system, and a solid-state relay or power 

device is used as control switch of dump load. 

Another technique is that surplus power is consumed 

by a hydrogen generator for a fuel battery instead of 

storage battery, and when the hydrogen tank becomes 

full, dump load is applied. While these techniques 

construct a dispersed installation of different power 

sources, installation of dump load is necessary. 

Further, a dedicated high-speed line for battery 

current/voltage status data transmission, or otherwise 

a high-tech dump load control method, is necessary. 

To resolve these problems, the authors have proposed 

a low cost, standalone hybrid wind-solar power 

generation system applying advanced power control 

techniques. This system has the following features: 1) 

dispersed installation of different power sources that 

are interconnected in parallel; 2) elimination of dump 

load by using a unique dump power control aimed at 

prevention of battery overcharging; 3) no need for 

dedicated high-speed line for battery current/voltage 

status data transmission; and 4) easy capacity 

expansion through parallel connection of additional 

power sources to cope with future load increases. 

Special attention has also been given to phased 

locked loop (PLL) control techniques. Through 

laboratory experiments, we investigated the behavior 

of current/voltage waves by inputting active-reactive 

power parameters into an experimental power control 

circuit and demonstrated a valid power control effect. 

 

Fig. 2. Standalone hybrid wind-solar power generation 

system with dispersed inverter setup. 

 

II. SYSTEM SUMMARY 

 

A. System Configuration 

 

The proposed standalone hybrid wind-solar power 

generation system is, as shown in Fig. 3, in outline 

composed of four power sources: a wind power 

generation system (with a WT converter and a WT 

inverter), solar power generation system (with a PV 

inverter), storage battery (with a bidirectional 

inverter), and engine generator (EG); and a control 

unit. The control unit acts to send ON/OFF operation 

commands to individual power sources and monitor 

power status via a simple communication line, which 

is all that is needed since the data traffic volume is 

small. Once an ON command is sent, each power 

source is autonomously operated via individual 

inverters; however, manual setting of inverter 

operating conditions is also possible if required. The 

inverters enable redundant parallel operation, making 

a reliable, stable power supply possible. 

 

Fig. 3. Proposed standalone hybrid wind-solar power 

generation system 
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Fig. 4. System operation flow 
 

B. System Operation 

 

Major operation flows of the proposed hybrid system, 

as shown in Fig. 4, are as follows. 

1) When the remaining battery capacity is sufficient: 

EG operation stops, and all inverters operate in 

parallel. Power surplus and deficit according to the 

balance between the output and load can be optimally 

adjusted through battery charging or discharging. 

2) When the remaining battery capacity is 

insufficient: EG and all inverters operate in parallel. 

When power generated by wind and solar power 

generation systems is insufficient to meet load 

demand, EG compensates for the deficiency. 

Concurrently, EG charges the battery via the 

bidirectional inverter. This inverter regulates 

charging power for the battery so that EG can be 

operated at the optimal load factor congruent with 

high efficiency, following a command from the 

control unit. 

 

III. SYSTEM POWER CONTROL TECHNIQUES 

In the proposed hybrid system, we focused on how to 

control active-reactive power aiming at load sharing 

in parallel inverter operations, as well as how to 

control phase synchronization. Through our research 

activity, we devised an advanced dump power control 

technique without dump load. 

 

A. Active-Reactive Power Control 

 

Fig. 5 shows the basic power control block diagram 

for the inverter section. The auto-master-slave control 

technique is applied in all inverters. When EG is in 

operation, contactor A of each inverter is closed, and 

these contactors are in ac-synchronized operation 

with all inverters that act as slaves and with EG as 

master. When EG operation stops, contactor B of the 

storage battery bidirectional inverter is closed. 

 

This inverter functions as a master and is under the 

constant voltage constant frequency (CVCF) 

condition. Contactor A of each remaining inverter 

acting as a slave is closed. Then, ac-synchronized 

operation will be underway. In studying the 

developmental concept of our proposed hybrid 

system, we focused on the mechanism of the PLL in 

the active-reactive power control. 

1) Phase Locked Loop (PLL): The PLL, which acts 

as a phase synchronization control, is composed of: a 

phase comparator, low-pass filter, phase shifter, 

multiplier, and voltage controlled oscillator (VCO). 

The phase comparator acts to multiply the ac output 

voltage wave by the cosine wave reference obtained 

from the sine wave reference passing through the 

phase shifter. The multiplied wave is converted to dc 

voltage for VCO frequency control via the low-pass 

filter. During synchronization with phase coincidence 

of the two waves (i.e., sine wave reference and ac 

output voltage wave), dc voltage becomes zero. 

synchronization with phase coincidence of the two 

waves (i.e., sine wave reference and ac output voltage 

wave), dc voltage becomes zero. However, during 

synchronization with their phase shift, dc voltage 

does not become zero. Figs. 6 and 7 illustrate the 

individual waves and dc voltage for VCO frequency 
 

Fig.5. Basic power control block diagram of inverter section 
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control when phase is coincident and shifted, 

respectively. The low pass filter acts as an error 

amplifier. By giving an active power reference (i.e., 

ac output voltage phase reference) to the amplifier, 

the phase shift between sine wave reference and ac 

output voltage wave is adjusted while 

synchronization is maintained in a locked state. That 

is, active power control is possible by altering the dc 

voltage. The dc voltage obtained through the low- 

pass filter is converted to the value of a timer counter 

by using the VCO. This value is defined as the 

duration for which the value obtained for a certain 

address in the sine wave reference data (256 

addresses. figs. 7 and 8 show voltage waves in the 

status in which the phase difference between sine 

wave reference and ac output voltage wave varies 

with increasing or decreasing amplitude of ac output 

voltage. Fig. 9 shows the individual waves and dc 

voltage when ac output voltage becomes low, 

compared, while maintaining the phase difference 

between the two waves. In this figure, it can be seen 

that the dc voltage became low. To resolve this, we 

normalized the waves for which synchronization was 

required, and the normalized waves were input into 

the phase comparator, resulting in a stable output of 

active power. 

2) Operation of Parallel Inverters: We constructed a 

prototype standalone hybrid wind-solar power 

generation system, and conducted laboratory 

experiments. 

Fig. 7. When Vaco becomes low (before correction) (phase 

difference: Approx. 1.19 ms) 
 

Fig. 8. When Vaco becomes high (before correction) (phase 

difference: Approx. 0.7 ms). 
 

Fig. 9. When Vaco becomes low (after normalization) 

(phase difference: Approx. 0.98 ms). 

B. Dump Power Control 

 

Following research into active-reactive power control 

techniques, we endeavored to devise effective control 

of dump power. When either wind power or solar 

power generation becomes greater than load, EG 

stops, and the bidirectional inverter as a master is 

operated under the CVCF condition. Then, dump 

power, which is defined as the surplus portion 

obtained after deducting load from generated power, 

is used as charging power for storage battery. In the 

course of battery charging, an advanced technique to 

prevent battery overcharge is required. Dump load 

(e.g., a resistor load or radiator), which functions to 

consume dump power, is conventionally mounted 

in parallel with the battery or ac output point, as 

shown in Fig. 10. 
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Fig. 10. Conventional dump power control technique. 

 

 

Fig. 11. Dump power control block diagram of 

bidirectional inverter. 

 

However, since dump power varies continuously, it is 

difficult to regulate dump load by simply inputting 

dump load, because this hinders flexible control of 

battery charging. To stabilize both charging current 

and charging voltage of storage battery, we 

developed a unique advanced dump power control 

technique characterized by dump power regulation 

without any dump load. This technique allows for 

quick response to fluctuating dump power as well as 

reduction of needless dump power control, 

contributing to more effective use of natural energy. 

1) Dump Power Control Technique: Fig. 10 show 

the dump power control block diagram of the 

bidirectional inverter and that of theWT and PV 

inverters, respectively. 

 

IV. CONCLUSION 

The authors have proposed a unique standalone 

hybrid wind solar power generation system, which is 

characterized by PLL control and dump power 

control. In particular, dump power control allows for 

formation of a feedback loop in this system, meaning 

 

that there is no requirement for a dedicated high- 

speed line to transmit storage battery voltage and 

current data. In case the power line is used as a media 

for data transmission, the line voltage amplitudes can 

be applied as a means of data transmission; thus, 

there is no requirement for installation of any optical 

fiber transmission line or power line carrier system 

through which harmonic signals are applied to power 

line. In addition, neither dump load nor dump load 

control device are necessary. Under our dump power 

control, regulation of output is done without battery 

overcharging, and effective use of surplus power is 

made possible. This contributes to battery life 

extension and realization of a low-cost system. The 

system, through ac system interconnection, will also 

allow flexible system expansion in the future. 

Further, power sources including EG can be flexibly 

interconnected anywhere through the same power 

line, and power quality stability can be maintained by 

controlling the phase and amplitude of ac output 

voltage. It is expected that this hybrid system into 

which natural energy is incorporated, and which 

makes use of various power control techniques, will 

be applicable in rural locations, even those with poor 

communications media. The system will also 

contribute to global environmental protection through 

application on isolated islands without any 

dependence on commercial power systems. 
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Abstract—This paper proposes a unique standalone 

hybrid power generation system, applying advanced 

power control techniques, fed by four power sources: 

wind power, solar power, storage battery, and diesel 

engine generator, and which is not connected to a 

commercial power system. Considerable effort was put 

into the development of active-reactive power and 

dump power controls. The result of laboratory 

experiments revealed that amplitudes and phases of ac 

output voltage were well regulated in the proposed 

hybrid system. Different power sources can be 

interconnected anywhere on the same power line, 

leading to flexible system expansion. It is anticipated 

that this hybrid power generation system, into which 

natural energy is incorporated, will contribute to global 

environmental protection on isolated islands and in 

rural locations without any dependence on commercial 

power systems. 

Index Terms—Dump load, dump power control, low 

cost, standalone 

hybrid power generation system, storage battery. 

 

I. INTRODUCTION 

Natural energy-based power generation systems are 

commonly equipped with storage batteries, to 

regulate output fluctuations resulting from natural 

energy variation. Therefore, it is necessary to prevent 

battery overcharging. As for the utility connected 

hybrid generation system consisting of a wind power, 

a solar power, and battery, the dump power is able to 

control to prevent overcharging the battery without 

dump load because of dump power transferred into 

the utility. As for the individual power generation 

system, it is considered that a PV system featuring 

low-cost and simple control, which incorporates 

maximum power point tracking control that makes 

use of diode characteristics, or a PV system that 

features output stability with a multiple-input dc–dc 

converter capable of controlling the output of 

different power sources in combination, or a 

cascaded dc–dc converter PV system that features 

good efficiency along with low cost, or a wind 

turbine system that features output stability with a 

combination of an electric double-layer capacitor and 

storage battery, is suitable for use with hybrid power 

generation systems to stabilize power supply. In 

\contrast, the standalone hybrid system is mainly 

composed of natural energy sources (i.e., wind power 

and solar power), and a storage battery; and in some 

cases, a diesel engine generator may be incorporated 

into the system as well. However, there is a tendency 

that the greater the system sophistication, the more 

suitable the power control techniques are required to 

be. A dc–dc converter is mounted in both wind power 

and solar power generation systems. The two systems 

are interconnected at the output sides of individual 

converters and are also connected to the storage 

battery. In such a configuration, each dc–dc converter 

is capable of monitoring the current and voltage of 

the storage battery, and optimally controlling battery 

charging, to supply power to the load. In most cases 

where converters and storage batteries are set up at a 

centralized location, the storage batteries are 

commonly installed adjacent to the wind- and solar- 

power generation systems; therefore, there is 

generally no freedom to install the batteries on flat 

ground or in places with good vehicular access for 

easy maintenance and replacement. 

In a hybrid system with a centralized 

inverter setup, as shown in Fig. 1, the output of dc–dc 

converters is sent to an external dc–ac inverter to 

supply ac power to load. 
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Fig. 1. Standalone hybrid wind-solar power generation 

system with centralized inverter setup. 

 

controlled as necessary to prevent battery 

overcharging. Several different techniques to prevent 

battery overcharging are widely used. For instance, 

the battery is installed adjacent to the wind power 

generation system, and a solid-state relay or power 

device is used as control switch of dump load. 

Another technique is that surplus power is consumed 

by a hydrogen generator for a fuel battery instead of 

storage battery, and when the hydrogen tank becomes 

full, dump load is applied. While these techniques 

construct a dispersed installation of different power 

sources, installation of dump load is necessary. 

Further, a dedicated high-speed line for battery 

current/voltage status data transmission, or otherwise 

a high-tech dump load control method, is necessary. 

To resolve these problems, the authors have proposed 

a low cost, standalone hybrid wind-solar power 

generation system applying advanced power control 

techniques. This system has the following features: 1) 

dispersed installation of different power sources that 

are interconnected in parallel; 2) elimination of dump 

load by using a unique dump power control aimed at 

prevention of battery overcharging; 3) no need for 

dedicated high-speed line for battery current/voltage 

status data transmission; and 4) easy capacity 

expansion through parallel connection of additional 

power sources to cope with future load increases. 

Special attention has also been given to phased 

locked loop (PLL) control techniques. Through 

laboratory experiments, we investigated the behavior 

of current/voltage waves by inputting active-reactive 

power parameters into an experimental power control 

circuit and demonstrated a valid power control effect. 

 

Fig. 2. Standalone hybrid wind-solar power generation 

system with dispersed inverter setup. 
 

II. SYSTEM SUMMARY 

 

 

A. System Configuration 

 

The proposed standalone hybrid wind-solar power 

generation system is, as shown in Fig. 3, in outline 

composed of four power sources: a wind power 

generation system (with a WT converter and a WT 

inverter), solar power generation system (with a PV 

inverter), storage battery (with a bidirectional 

inverter), and engine generator (EG); and a control 

unit. The control unit acts to send ON/OFF operation 

commands to individual power sources and monitor 

power status via a simple communication line, which 

is all that is needed since the data traffic volume is 

small. Once an ON command is sent, each power 

source is autonomously operated via individual 

inverters; however, manual setting of inverter 

operating conditions is also possible if required. The 

inverters enable redundant parallel operation, making 

a reliable, stable power supply possible. 

 

Fig. 3. Proposed standalone hybrid wind-solar power 

generation system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. System operation flow 

 

B. System Operation 
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Major operation flows of the proposed hybrid system, 

as shown in Fig. 4, are as follows. 

1) When the remaining battery capacity is sufficient: 

EG operation stops, and all inverters operate in 

parallel. Power surplus and deficit according to the 

balance between the output and load can be optimally 

adjusted through battery charging or discharging. 

2) When the remaining battery capacity is 

insufficient: EG and all inverters operate in parallel. 

When power generated by wind and solar power 

generation systems is insufficient to meet load 

demand, EG compensates for the deficiency. 

Concurrently, EG charges the battery via the 

bidirectional inverter. This inverter regulates 

charging power for the battery so that EG can be 

operated at the optimal load factor congruent with 

high efficiency, following a command from the 

control unit. 

 

III. SYSTEM POWER CONTROL TECHNIQUES 

In the proposed hybrid system, we focused on how to 

control active-reactive power aiming at load sharing 

in parallel inverter operations, as well as how to 

control phase synchronization. Through our research 

activity, we devised an advanced dump power control 

technique without dump load. 

 

A. Active-Reactive Power Control 

Fig. 5 shows the basic power control block diagram 

for the inverter section. The auto-master-slave control 

technique is applied in all inverters. When EG is in 

operation, contactor A of each inverter is closed, and 

these contactors are in ac-synchronized operation 

with all inverters that act as slaves and with EG as 

master. When EG operation stops, contactor B of the 

storage battery bidirectional inverter is closed. 

This inverter functions as a master and is under the 

constant voltage constant frequency (CVCF) 

condition. Contactor A of each remaining inverter 

acting as a slave is closed. Then, ac-synchronized 

operation will be underway. In studying the 

developmental concept of our proposed hybrid 

system, we focused on the mechanism of the PLL in 

the active-reactive power control. 

 

1) Phase Locked Loop (PLL): The PLL, which acts 

as a phase synchronization control, is composed of: a 

phase comparator, low-pass filter, phase shifter, 

multiplier, and voltage controlled oscillator (VCO). 

The phase comparator acts to multiply the ac output 

voltage wave by the cosine wave reference obtained 

from the sine wave reference passing through the 

phase shifter. The multiplied wave is converted to dc 

voltage for VCO frequency control via the low-pass 

filter. During synchronization with phase coincidence 

 

of the two waves (i.e., sine wave reference and ac 

output voltage wave), dc voltage becomes zero. 

 

 

Fig.5. Basic power control block diagram of inverter 

section 

 

 
synchronization with phase coincidence of the two 

waves (i.e., sine wave reference and ac output voltage 

wave), dc voltage becomes zero. However, during 

synchronization with their phase shift, dc voltage 

does not become zero. Figs. 6 and 7 illustrate the 

individual waves and dc voltage for VCO frequency 

control when phase is coincident and shifted, 

respectively. The low pass filter acts as an error 

amplifier. By giving an active power reference (i.e., 

ac output voltage phase reference) to the amplifier, 

the phase shift between sine wave reference and ac 

output voltage wave is adjusted while 

synchronization is maintained in a locked state. That 

is, active power control is possible by altering the dc 

voltage. The dc voltage obtained through the low- 

pass filter is converted to the value of a timer counter 

by using the VCO. This value is defined as the 
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duration for which the value obtained for a certain 

address in the sine wave reference data (256 

addresses. figs. 7 and 8 show voltage waves in the 

status in which the phase difference between sine 

wave reference and ac output voltage wave varies 

with increasing or decreasing amplitude of ac output 

voltage. Fig. 9 shows the individual waves and dc 

voltage when ac output voltage becomes low, 

compared, while maintaining the phase difference 

between the two waves. In this figure, it can be seen 

that the dc voltage became low. To resolve this, we 

normalized the waves for which synchronization was 

required, and the normalized waves were input into 

the phase comparator, resulting in a stable output of 

active power. 

2) Operation of Parallel Inverters: We constructed a 

prototype standalone hybrid wind-solar power 

generation system, and conducted laboratory 

experiments. 

 

 

 
Fig. 7. When Vaco becomes low (before correction) (phase 

difference: Approx. 1.19 ms) 
 

Fig. 8. When Vaco becomes high (before correction) (phase 

difference: Approx. 0.7 ms). 

 
Fig. 9. When Vaco becomes low (after normalization) 

(phase difference: Approx. 0.98 ms). 

B. Dump Power Control 
Following research into active-reactive power control 

techniques, we endeavored to devise effective control 

of dump power. When either wind power or solar 

power generation becomes greater than load, EG 

stops, and the bidirectional inverter as a master is 

operated under the CVCF condition. Then, dump 

power, which is defined as the surplus portion 

obtained after deducting load from generated power, 

is used as charging power for storage battery. In the 

course of battery charging, an advanced technique to 

prevent battery overcharge is required. Dump load 

(e.g., a resistor load or radiator), which functions to 

consume dump power, is conventionally mounted 

in parallel with the battery or ac output point, as 

shown in Fig. 10. 

 

Fig. 10. Conventional dump power control technique. 

 

 

Fig. 11. Dump power control block diagram of 

bidirectional inverter. 

 

However, since dump power varies continuously, it is 

difficult to regulate dump load by simply inputting 

dump load, because this hinders flexible control of 

battery charging. To stabilize both charging current 
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and charging voltage of storage battery, we 

developed a unique advanced dump power control 

technique characterized by dump power regulation 

without any dump load. This technique allows for 

quick response to fluctuating dump power as well as 

reduction of needless dump power control, 

contributing to more effective use of natural energy. 

 

1) Dump Power Control Technique: Fig. 10 show 
the dump power control block diagram of the 

bidirectional inverter and that of theWT and PV 

inverters, respectively. 

 

IV. CONCLUSION 

The authors have proposed a unique standalone 

hybrid wind solar power generation system, which is 

characterized by PLL control and dump power 

control. In particular, dump power control allows for 

formation of a feedback loop in this system, meaning 

that there is no requirement for a dedicated high- 

speed line to transmit storage battery voltage and 

current data. In case the power line is used as a media 

for data transmission, the line voltage amplitudes can 

be applied as a means of data transmission; thus, 

there is no requirement for installation of any optical 

fiber transmission line or power line carrier system 

through which harmonic signals are applied to power 

line. In addition, neither dump load nor dump load 

control device are necessary. Under our dump power 

control, regulation of output is done without battery 

overcharging, and effective use of surplus power is 

made possible. This contributes to battery life 

extension and realization of a low-cost system. The 

system, through ac system interconnection, will also 

allow flexible system expansion in the future. 

Further, power sources including EG can be flexibly 

interconnected anywhere through the same power 

line, and power quality stability can be maintained by 

controlling the phase and amplitude of ac output 

voltage. It is expected that this hybrid system into 

which natural energy is incorporated, and which 

makes use of various power control techniques, will 

be applicable in rural locations, even those with poor 

communications media. The system will also 

contribute to global environmental protection through 

application on isolated islands without any 

dependence on commercial power systems. 
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Abstract: Photovoltaic is one of the most important 

renewable energy sources. Due to the low efficiency of 

solar module lots of research have been made about 

the control technologies of grid-connected PV system. 

This paper describes a grid-connected photovoltaic 

system and its various control techniques i.e Grid 

connected control and MPPT control . 

 

1. INTRODUCTION 

 
Grid-connected photovoltaic power systems are 

power systems energised by photovoltaic panels 

which are connected to the utility grid. Grid- 

connected photovoltaic power systems consist of 

Photovoltaic panels, MPPT, solar inverters, power 

conditioning units and grid connection equipment 

[1]. 

 

Solar energy gathered by photovoltaic solar panels, 

intended for delivery to a power grid, must be 

conditioned, or processed for use, by a grid- 

connected inverter. This inverter sits between the 

solar array and the grid, draws energy from each, 

and may be a large stand-alone unit or may be a 

collection of small inverters, each physically 

attached to individual solar panels. The inverter 

must monitor grid voltage, waveform and 

frequency. One reason for monitoring is if the grid 

is dead or strays too far out of its nominal 

specifications, the inverter must not pass along any 

solar energy. An inverter connected to a 

malfunctioning power line will automatically 

disconnect in accordance with safety rules. Another 

reason for the inverter monitoring the grid is 

because for normal operation the inverter must 

synchronize with the grid waveform, and produce a 

voltage slightly higher than the grid itself, in order 

for energy to smoothly flow outward from the solar 

array. 

 

Grid-connected PV systems are comparatively 

easier to install as they do not require a battery 

system. Grid interconnection of photovoltaic (PV) 

power generation systems has the advantage of 

effective utilization of generated power because 

there are no storage losses involved. A photovoltaic 

power system is carbon negative over its lifespan, 

as any energy produced over and above that to 

build the panel initially offsets the need for burning 

fossil fuels. Even though the sun doesn’t always 

shine, any installation gives a reasonably 

predictable average reduction in carbon 

consumption. 
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Figure 1. Components of a grid connected Photovoltaic system. 
 

2. PHOTOVOLTAIC ARRAY 

 
Photovoltaic array or solar array is a linked 

collection of solar panels [2,3]. The power that one 

module can produce is seldom enough to meet 

requirements of a home or a business, so the 

modules are linked together to form an array. Most 

PV arrays use an inverter to convert the DC power 

produced by the modules into alternating current 

that can power lights, motors, and other loads. The 

modules in a PV array are usually first connected in 

series to obtain the desired voltage, the individual 

strings are then connected in parallel to allow the 

system to produce more current. Solar panels are 

typically measured under STC (standard test 

conditions) in watts. Typical panel ratings range 

from less than 100 watts to over 400 watts. The 

array rating consists of a summation of the panel 

ratings, in watts, kilowatts, or megawatts. 

 

The Sun generates photons that stream down to 

earth as visible light. Solar cells convert the energy 

of light directly into electricity. Assemblies of 

solar cells are used to make solar modules. Six or 

so solar panels are typically put together on a rack 

that faces the sun called an array. Some racks have 

motors that keep them pointed directly at the sun as 

it moves across the sky. Many racks of solar panels 

are typically lined up into long columns and those 

columns form a large scale Photovoltaic Array. 

The array generates direct current (DC) electrical 

power. The DC power must be converted to 

Alternating Current (AC) by inverters in order for 

the power to be fed into transformers. Since there 

are no moving parts, the panels need little 

maintenance beyond periodic dusting and cleaning. 

Solar cells lose about 1 percent of their power 

output each year as they age from environmental 

exposure [4]. 

 

 

Figure 2. Photovoltaic array 
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3. PHOTOVOLTAIC INVERTER 

 
A basic inverter’s function is to convert the direct 

current (DC) power coming from a photovoltaic 

panel into alternating current (AC). Grid Connected 

Photovoltaic System consisting of Grid tie inverter 

that includes features to maximize the solar energy 

that is collected from photovoltaic panels. The PV 

inverter utilizes a Maximum Power Point Tracking 

(MPPT) to find the maximum power through 

adjusting the voltage and current supplied from the 

PV panel. Photovoltaic panel power production is 

directly related to the intensity of the sun light 

which is affected by the daily sun cycle, clouds, 

shading from nearby objects. Grid-tie inverters are 

designed to shut down automatically upon loss of 

utility supply, for safety reasons. They do not 

provide backup power during utility outages. 

 

 
Figure 3. Grid-tie inverter 

 
4. CONTROL TECHNIQUE OF 

PHOTOVOLTAIC SYSTEM 

The control strategy of grid-connected Photovoltaic 

system is generally classified into two links. The 

first one is to get the power point in the system, 

which is the power point of the photovoltaic array. 

The second one is to make the photovoltaic inverter 

system track the power system. 

 

4.1 MPPT (Maximum Power Point Tracking) 

Control 

Maximum power point tracking (MPPT) is a 

technique that grid connected inverters, solar 

battery chargers and similar devices use to get the 

maximum possible power from one or more 

photovoltaic devices, typically solar panels [6]. It is 

the purpose of the MPPT system to sample the 

output of the cells and apply the proper resistance 

(load) to obtain maximum power for any given 

environmental conditions. MPPT devices are 

typically integrated into an electric power converter 

system that provides voltage or current conversion, 

filtering and regulation for driving various loads, 

including power grids, batteries, or motors [7]. 

 

Maximum power point trackers may implement 

different algorithms and switch between them 

based on the operating conditions of the array: 

 

1. Perturb and observe 

 
2. Incremental conductance 

 
3. Current Sweep Method 

 
4. Constant Voltage Method 

 
4.2 Grid Connected Control 

 
Voltage control and current control are two types 

of waveform generation control scheme used for 

grid connected inverter. PV inverters injects energy 

directly into the grid and are controlled as power 

sources i.e they inject ‘constant’ power into the 

grid at close to unity power factor. The control 

system constantly monitors power extracted from 

the PV array and adjust the magnitude and phase of 

the AC voltage or current to export the power 

extracted from the PV array. 

 
4.2.1 Voltage Control: 

 
A voltage controlled inverter produces a sinusoidal 

voltage at the output. It can be in standalone 

operation supplying a local load. If non-linear loads 

are connected within the rating of the inverter, the 

inverter’s output voltage remains sinusoidal and 

supplies non sinusoidal current as demanded by 
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load. Since it is a voltage controlled source, it 

cannot be directly connected to the grid and 

therefore it is connected via an inductance. The 

inverter voltage may be controlled in magnitude 

and phase with respect to the grid voltage. 

 

The inverter voltage is usually controlled by the 

modulation index and this controls the reactive 

power. The phase angle of the inverter may be 

controlled with respect to the grid which controls 

the active power [8]. 

 

4.2.2 Current Control: 

 
A current controlled inverter produces a sinusoidal 

current at output. It is only used for the injection 

into the grid and not for standalone applications. 

The output is generated using a sinusoidal 

reference which is phase locked to the grid voltage. 

The output stage is switched so that the output 

current follows the generated sinusoidal reference. 

The reference waveform may be varied in 

amplitude and phase with respect to the grid and 

the output current automatically follows the 

reference. The output current waveform is ideally 

not influenced by the grid voltage waveform 

quality and always produces a sinusoidal current. 

The current controlled converter is inherently 

current-limited because the current is tightly 

controlled even if the output is short circuited [8]. 

 

5. CONCLUSION 

 
With the increasing scale of power system as well 

as the increasing demand of the user for power 

quality, grid-connected PV system, as a 

development potential and competitive way to 

produce electricity in power system, plays an 

important position. As the key technology of the 

grid system, the control technology of the inverter 

in which no doubt plays an important role. With the 

development of technology, digital, intelligent 

comprehensive control strategy will become a 

research trend. 
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Abstract- This paper presents the modeling and simulation of 

photovoltaic model using MATLAB/Simulink software package. 

The proposed model is design with a user-friendly icon using 

Simpower of Simulink block libraries. Taking the effect of 

irradiance and temperature into consideration, the output 

current and power characteristic of PV model are simulated 

using the proposed model. 

 
Index Terms— Photovoltaic module, Matlab/ Simulink. 

 

I. INTRODUCTION 

Photovoltaic energy is a source of interesting energy. It 

is renewable, inexhaustible and nonpolluting, and that it is more 

and more intensively used as energy sources in various 

applications. Photovoltaic systems have been the worldwide fast 

growing energy source because of the increase in energy demand 

and the fact that fossil energy sources are finite, and that they are 

expensive. Furthermore, the impacts that the energy technology 

has on the environment which make the photovoltaic become a 

mature technology in used. The increase in a number of 

Photovoltaic system installed all over the world brought the need 

for proper supervision and control algorithms as well as modeling 

and simulation tool for researcher and practitioners involved in its 

application is very necessary. 
A recent study in Germany, of 21 PV systems in 

operation for 10 years, revealed that inverters contributed for 63% 

of failures, modules 15% and other components 23%, with a 

failure occurring, on an average, every 4.5 years. [2] To reduce 

the failure rate of PV systems, it is necessary to reduce the failure 

rate of inverters and components also called the PV balance of 

systems (BOS) that would result in their economic viability. 

At present, PV BOS research use mathematical 

functional models for the performance analysis of newly 

developed systems. These developed systems could not be readily 

adopted by the field professionals and hence the above 

difficulties arise. Hence the need for simplified Simulink 

modeling of PV module has been long felt. 

Simple circuit-based PV models have been proposed in 

literature Some authors have proposed indirect methods to adjust 

the I–V curve through artificial intelligence. Although interesting, 

such methods are impractical, complicated and require high 

computational effort. In all the above, modeling was limited to 

simulation of PV module characteristics. 

In this paper, the design of PV system using simple 

circuit model with detailed circuit modeling of PV module is 

presented. Simulink model for each equation is presented with 

numerical results for various irradiation and temperature. The 

tabulation gives the relationship of module parameters with 

characteristics curves of PV module and hence the circuit 

performance. 

 

II. THE CIRCUIT MODELS OF THE PV MODULES 

Photovoltaic cell models have long been a source for the 

description of photovoltaic cell behaviors for researchers and 

professionals. The most common model used to predict energy 

production in photovoltaic cell modeling is the single diode 

circuit model shown in Figure-1[3]. The ideal photovoltaic 

module consists of a single diode connected in parallel with a 

light generated current source (Isc ) as shown in Figure-1. The 

equation for the output current is given by: 
 

I=Isc-ID 

where, 
ID== Isc/[exp( qVoc / NskAT ) -1] 

 

Fig.1 equivalent circuit of photovoltaic cell 
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For modeling of photovoltaic array, we must be calculate 

photo current, reverse saturation current. So first we calculate 

this term in following steps. 

 

Step-1 Photo Current 

Fig.3 Reverse Saturation Current, Irs 

 
Step -3Module Saturation Current I0 

In Fig.4 The module saturation current Io that varies 

with the cell temperature is given by, 
 

In Fig.2[2], the module photocurrent Iph of the 

photovoltaic module depends linearly on the solar irradiation 

and is also influenced by the temperature according to the 

following equation. 

Iph = [Iscref + Ki (Tk - Tref)]*λ/1000 
Where, 

Iph =light generated current at nominal condition 

Ki = Temperature co efficient 
Tk =actual Temperature 
Tref =reference Temperature 

 

Where, 

 

 
 

Egg = the bandgap energy of the semiconductor 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig.4 Module Saturation Current I0 
 

 

 

 

 
 

Fig.2 photocurrent Iph 

Step -4 Module Output Current IPV 

The basic equation that describes the current output of 

PV module I PV of the single-diode model presented in Fig.5[2] is 

given by 
 

𝑉𝑝𝑣 + 𝐼𝑝𝑣𝑅𝑠 𝐼𝑝𝑣𝑅𝑠 
𝐼𝑝𝑣 = 𝑁𝑝 ∗ 𝐼𝑝ℎ − 𝑁𝑝 ∗ 𝐼𝑜 [exp {𝑞 ∗ } − 1] − 𝑉𝑝𝑣 + 

 
Step-2 Module Reverse Saturation Current 

In Fig.3[2] Module reverse saturation current, Irs is 
given by the equation, 

Irs = Isc/[exp( qVoc / NskAT ) -1] 

Where 
𝑁𝑠𝐴𝐾𝑇 

 

Np = number of parallel cells 

Ns = number of series cells 

Rs = series resistance 
Rsh = parallel resistance 

𝑅𝑠ℎ 

Where, 
Irs= Reverse Saturation Current, 

q = electron charge (1.6 × 10-19C), 

Voc = the Solar module open circuit voltage (21.24V), 

Ns =  the number of cells connected in series, 

k = the Boltzmann constant (1.3805×10-23 J/K), 

A = the Ideality factor (1.6). 

 

 
Fig.5 Module Output Current IPV 

Step -5 Module for calculate NsAkt 
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Fig.6 This model takes operating temperature in 

Kelvin and calculates the product NsAkT. 

 

Step-6 Interconnected of above module 

 

 
Fig.7 This model contains all the five model interconnected 

together. 

 

The detailed circuit model of PV module is shown in fig.7. The 

circuit model of PV module is given in fig.8 

 

Fig.8 Detailed Circuit model of PV module. 

 

III. THE SIMULATION RESULTS 

The model of the PV module was implemented using a 

Matlab Simulink model. The model parameters are evaluated 

during execution using the equations listed as in the previous 

section. The PV module chosen for this simulation is MXS60, 

which provides 60W nominal maximum power and has 36 series 

connected cells. 

Figure-9 shows the I-V output characteristics of PV 

module with varying irradiance at the constant temperatures. It is 

depicted that the PV output current varies drastically with 

insulation conditions and there is an optimum operating point 

such that the PV system delivers its maximum possible power to 

the load. The optimum operating points changes with the solar 

insulation, temperature and load conditions. 

Figure-10 shows the P-V out characteristics of the PV 

module with varying irradiance at the constant temperatures. 

From the graphs when the irradiance increases, the current and 

voltage output also increases. This result shows the net increase in 

power output with an increase in irradiance at the constant 

temperatures. Furthermore, it is well known that for a certain PV 

panel, the voltage-power characteristics are fixed for each 

insolation without intersection, as shown in Figure-10, 11, 12. 

 
Fig.9 I-V characteristic of photovoltaic array 

 

 
Fig.10 P-V characteristic of photovoltaic array 
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Figure-11 I-V characteristic-varying irradiance- constant 

temperature. 
 

Fig-11.P-V characteristic-varying irradiance-constant 

temperature. 

IV. DISCUSSIONS AND CONCLUSIONS 

An accurate PV module electrical model is presented 

and demonstrated in Matlab Simulink. It can be seen that the PV 

current Isc is a function of the solar irradiation and is the only 

energy conversion process in which light energy is converted to 

electrical energy. Equations, and indicate that PV voltage is a 

function of the junction voltage across the diode, which is the 

material property of the semiconductors, susceptible to failure at 

higher temperatures. The physical equations governing the PV 

module (also applicable to PV cell) is elaborately presented with 

numerical values of module saturation current at various 

temperatures. Hence, this circuit model presents the relationship 

between module parameters and circuit performance. This 

involves the step-by-step method for the PV modeling in Matlab 

Simulink. This paper provides a clear and concise understanding 

of the, I-V and P-V characteristics of PV module, which will 

serve as the model for researchers and expert in the field of PV 

modeling. 
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Abstract 
 

In parallel to developing technology, 

demand for more energy makes us seek new 

energy sources. The most important 

application field of this search is renewable 

energy resources. Wind and solar energy 

have being popular ones owing to abundant, 

ease of availability and convertibility to the 

electric energy. This work covers realization 

of a hybrid renewable energy system for a 

domestic application, which runs under a 

microcontroller to utilize the solar and wind 

power. This project is implemented in 

accordance with available line electricity. 

Batteries in the system are charged by either 

wind power via a small alternator or solar 

power via an MPPT Module. System control 

relies mainly on microcontroller. Power 

resources and loads in the system are 

monitored and and controlled in real time. 

 

INTRODUCTION 

Energy plays an important role in all types 

of development, including economic 

development. The world total energy annual 

 

consumption generally increases, with the 

vast majority of energy being produced by 

fossil fuels such as coal, oil and natural gas. 

In 2002 fossil fuels provided the three 

quarters of the total.   With the current 

energy  consumption  rate,  proven  coal 

reserves should last for about 200 years, oil 

for approximately 40 years and natural gas 

for around  60  years.  With  constantly 

increasing development, diminishing fossil 

fuel resources and related environmental 

problems    (emissions),    sustainable 

development and the manner in which 

energy  is produced  and  consumed  is 

reconsidered.   Renewable  energy,   i.e., 

energy   generated   from  solar,  wind, 

biomass,geo-thermal, hydropower and ocean 

resources, could  increase the diversity of 

energy   supplies  and   offer   “clean”- 

environmental friendly energy. Although 

wind  and  solar   energy    sources    are 

significantly less productive compared to 

fossil fuels, the use of photovoltaic (PV) 

cells and wind turbines has increased rapidly 

during the last years, especially in developed 

countries. Photovoltaic (PV) cells are 

electronic devices that are based on 

semiconductor technology and can produce 

an electric current directly from sunlight. 

The best silicon PV modules currently 

commercially available have an efficiency 

of over 18%, and it is expected that in about 
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10 years’ time module efficiencies may rise 

to 25%. Wind power is basically electricity 

produced by a generator, which is driven by 

a turbine according to flowing air’s 

aerodynamics, and is one of the fastest 

growing renewable energy technologies 

around the world. 

PV modules and wind turbines are now 

widely used in developed countries to 

produce electrical power in locations where 

it might be inconvenient or expensive to use 

conventional grid supplies, while other 

homeowners who choose the renewable 

energy sources prefer to connect their 

energy system to the grid as a huge ‘battery’ 

for some convenient grid-tied situation. 

However, when electricity grids are non- 

existent or rudimentary, all forms of energy 

can prove very expensive. In such cases, 

solar and wind energy can be highly 

competitive. The fact that natural energy 

resources are intermittent and storage 

batteries are expensive, has led to the 

utilization of so-called hybrid renewable 

energy systems. Any power system that 

incorporates two or more of the following is 

referred to as a hybrid power system: PV 

panels, wind turbines, or diesel, propane, 

gasoline generators. For small loads, the 

most common combinations are PV-wind 

hybrid system. PV and wind is a good 

match, because inland wind speeds tend to 

be lower in summer, when solar energy can 

compensate, and higher in winter, when 

sunshine falls to very low levels. 

In this paper, a PV-wind hybrid system is 

presented able to supply electricity to a 

private house, farm house or a small 

company or an apartment, with electrical 

power depending on the site’s needs. The 

aim of this study is to introduce the local 

PV-wind hybrid system’s working principle 

by reviewing one case where the system is 

connected to the grid. 

 

2. Solar Power 

Solar panels are the medium to convert solar 

power into the electrical power. Solar panels 

can convert the energy directly or heat the 

water with the induced energy. PV (Photo- 

voltaic) cells are made up from 

semiconductor structures as in the computer 

technologies. Sun beam is absorbed with 

this material and electrons are emitted from 

the atoms that they are bounded. This 

release activates a current. Photovoltaic is 

known as the process between beam 

absorbed and the electricity induced. With a 

common principle and individual 

components, solar power is converted into 

the electric power. Solar batteries are 

produced by waffling p-n semiconductors. 

A current-volt characteristic of the PV in the 

darkness is very similar to that of diot. 

Under beam, electron flow and current 

occurs. In closed-loop, PV current 

passesthrough the external load. While in 

open-loop, the current completes the circuit 

through the p-n diot structure. 

Solar batteries can be represented with an 

equivalent circuit of a current source, a 

resistor and a diot in parallel, and an 

external load-resistor , as seen in Figure 2 . 
 
 

 

Fig. 2. Equivalent circuit of solar battery 

 

It is possible to insert AC-DC converter, 

charger, accumulator, extra power source, 

and controller depending on the design 

differences in operational and functional 

specifications.Solar system could be 

categorized into two types: 

Line-independent systems: These are 

established in absence of line electricity to 

provide electricity. Since the current in these 

systems are DC and it must be also available 

overnight, energy is stored in accumulators, 

DC-Batteries. In case of AC-Supply 
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requirements for the appliances, it is 

possible to use DC-AC inverter. 

Line-dependent systems: These systems do 

not need DC Batteries, since the energy is 

served to the demand with the help of an 

inverter. Line electricity is being switched in 

use in case of insufficient sun beam. 

 

3. Wind Power 

Wind turbines are used to convert the wind 

power into electric power. Electric generator 

inside the turbine converts the mechanical 

power into the electric power. Wind turbine 

systems are available ranging from 50W to 

2-3 MW. The energy production by wind 

turbines depends on the wind velocity acting 

on the turbine. Wind power is used to feed 

both energy production and consumption 

demand, and transmission lines in the rural 

areas. Wind turbines can be classified with 

respect to the physical features (dimensions, 

axes, number of blade), generated power 

and so on. For example, wind turbines with 

respect to axis structure: horizontal rotor 

plane located turbines, turbines with vertical 

or horizontal spinning directions with 

respect to the wind. Turbines with blade 

numbers: 3-blade, 2-blade and 1- blade 

turbines. 

4. Design and Implementation of 

Domestic Solar-Wind Hybrid Energy 

System 

Hybrid systems are the ones that use more 

than one energy resources. Integration of 

systems(wind and solar) has more influence 

in terms of electric power production. Such 

systems are called as “hybrid systems”. 

Hybrid solar-wind applications are 

implemented in the field, where all-year 

energy is to be consumed without any 

chance for an interrupt. It is possible to have 

any combination of energy resources to 

supply the energy demand in the hybrid 

systems, such as oil, solar and wind. This 

project is similar with solar power panel and 

wind turbine power. Differently, it is only an 

add-on in the system. Photovoltaic solar 

panels and small wind turbines depend on 

climate and weather conditions. Therefore, 

neither solar nor wind power is sufficient 

alone. A number of renewable energy expert 

claims to have a satisfactory hybrid energy 

resource if both wind and solar power are 

integrated within a unique body. 

In the summer time, when sun beams are 

strong enough, wind velocity is relatively 

small. In the winter time, when sunny days 

are relatively shorter, wind velocity is high 

on the contrast. Efficiency of these 

renewable systems show also differences 

through the year. In other words, it is needed 

to support these two systems with each other 

to sustain the continuity of the energy 

production in the system. 
 

 

 
 

 

Fig. 3. Hybrid system 

In the realized system, a portion of the 

required energy for an ordinary home has 

been obtained from electricity that is 

obtained from the wind and solar power. 

Experimental setup for the domestic hybrid 

system consists of a low power wind turbine 

and two PV panel. Depending on the 

environmental conditions, required energy 

for the system can be supplied either 

separately from the wind or solar systems or 

using these two resources at the same time is 

in show Figure 3. Control unit decides 

which source to use for charging the battery 

with respect to condition of the incoming 

energy as seen in Figure 4. 
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Fig. 4. System Hybrid diagram 

 

Wind turbine first converts the kinetic 

energy to mechanical energy and then 

converts it to the electricity. The wind 

turbine in the system consists of tower, 

alternator, speed converters (gear box), and 

propeller. and a picture of the constructed 

hybrid system is show in Figure 6. 

The kinetic energy of the wind is converted 

to the mechanical energy in the rotor. The 

rotor shaft speed, 1/18, is accelerated in the 

reduction gear and then transmitted to 

alternator. The electricity that comes from 

the alternator can be directly transmitted to 

DC receivers as well as it can be stored in 

the batteries. The solar panels in the system 

convert the day light directly in to 

electricity. The properties of the PV module 

(PM 065, Solen Energy Corporation) in the 

system are given in the Table 1. below. 

 

Table 1. PV module properties 

PMAX (WP) 65 

MPP Voltage (V) 16.5 

MPP Current (A) 3.94 

Open Circuit Voltage (V) 20 

Short Circuit Current (I) 4.50 

The solar panels can generate major amount 

of electricity even in the cloudy weathers. 

Fig. 5. Typical day in the Life of a MPPT 

controller charging Batteries 

 

MPPT regulates the energy coming from 

these panels and ensures a continuous high 

power generation. The current from the 

MPPT is used to charge the batter . The 

system layout for MPPT charge controller 

(60 PV MPPT Charge Controller, OutBack) 

is shown in Figure 4. 

Control card controls the microprocessor by 

processing the information coming from all 

the components in real time. Measurement 

card simultaneously measures the current 

and the voltage values of the wind, solar, 

and inverter systems.They operate according 

to line-isolated Hall-Effect principle. In 

addition, these sensors have high precision 

(99.2 %), high linearity, high band width, 

and low response time features . The current 

sensors used in the system are LTS-25 from 

LEM Company. They also operate 

according to Hall-Effect principle and have 

unipolar voltage feature. Measurement range 

is expanded. Solid state relays for switching 

the wind turbine, solar panels, and invertor 

system are capable of conducting high 

currents with low supply voltages . 

The batteries in the system provide to store 

the electricity that is generated from the 

wind or the solar power. Any required 

capacity can be obtained by serial or parallel 

connections of the batteries. The battery that 

provides the most advantageous operation in 

the solar and wind power systems are 
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maintenance free dry type and utilizes the 

special electrolytes. These batteries provide 

a perfect performance for long discharges. 

The storage and usage of the electricity that 

is generated from the wind and solar power 

are controlled in the real time control 

system. In the domestic type hybrid system, 

the storage of the electricity from the wind 

turbine and solar panels is achieved by 

control card, measurement card and 

connection card is show in Figure 5. 
 

 

 
Fig. 6. Control system 

 

Control card controls the microprocessor by 

processing the information coming from all 

the components in real time. Measurement 

card simultaneously measures the current 

and the voltage values of the wind, solar, 

and inverter systems.Thus, the relay can 

switch on/off more quickly than the 

conventional relays. It is used because of the 

properties like spark free operation and long 

operation life. 

 

 
 

Fig. 7. A picture of the constructed hybrid 

system 

 

Inverter in the system is used to convert the 

direct current to 220V alternative current. 

External inverters can use 12V and\ 24V 

direct current from the batteries and by 

converting it to 220V alternative current, 

they provide a safe operation for any 

electrical device. Depending on the output 

voltage, invertors have different output 

waves like square wave, modified sinusoidal 

wave and exact sinusoidal wave. Inentors 

with the exact sinusoidal wave output is 

used in the system. Linetech Cotek 300W 

exact sinusoidal invertors that can 

automatically turn off in case of the 

overload, overheating, and high-low battery 

voltage is used in the system. This inventor 

can operate to devices up to 300W and has a 

400W surge rating. 

 

5. Experimental Results 

The current and voltage values from the 

wind turbine, solar panels, battery group, 

and load are measured in the implemented 

system. Production and consumption of 

power for each module are calculated. 

Picoscope 3423 measurement equipment 

used to perform measurements. In order to 

allow separate chassis, a laptop computer 

which is disconnected from the power line is 

used to record the measurement data of the 

operating system. 
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5.1. Wind Turbine Electrical 

Measurements 

Measurements carried on at different times 

of day and different wind speeds for wind 

turbines. The results for variations in the 

rotation speed of the turbine blade due to the 

changing wind direction were recorded. 

Function of the control card is investigated 

by measurements for alternator output 

voltage and different output voltages. The 

alternator provides a continuous output of 

29V and 250ma for continuous wind blow. 

Minor disturbances in the direction of the 

wind cause little depressions in the voltage 

as shown in Figure 8. There are major 

decreases in the current value due to 

variations in the alternator speed. If the wind 

speed falls below the critical value, the 

alternator output voltage falls below 24V 

and the control system take out the wind 

turbine from the system. 
 

 

Fig. 8.Measurement values for wind turbine 

Special circumstances for variations in the 

wind force were defined in the control 

system. As shown in Figure 9, as long as the 

voltage value, which is depend on the 

variations in the wind speed, does not 

exceed the critical value, the system takes 

out the wind turbine and hence the transfer 

energy does not occur. 

 

 

 
 

Fig. 9.Measurement values for wind turbine 

 

For the wind turbine to be taken into 

operation, as shown in Figure 10, the 

alternator output must remain above the 

critical level during a certain period of time. 

In the implemented system, this duration 

defined as 7 seconds. This value can be 

replaced by software in the system. 
 

 

 

 

Fig. 10.Measurement values for wind 

turbine 

 

Fluctuations in the current value of wind 

turbine can be corrected by current filter of a 

high power turbine. There is no need any 

correction in the implemented system. 

5.2. Electrical Measurements of Solar 

Panel 
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Solar panels were placed stationary. 

Therefore,measurements carried out in 

different time of day since the incoming 

sunlight has different angles during the day. 

The measured current and voltage values 

from the solar panels for the daylight makes 

a peak, at 10:25am, are shown in Figure 11. 

MPPT is activated by the control system 

with switching on the solar panels and 

capture algorithm starts running to achieve 

the greatest power value. MPPT finds the 

peak point by search algorithm in 8 seconds 

and batteries are charged. In the 

measurements, it is seen that by deactivating 

the load, batteries charged at the maximum 

power point. The voltage value of these 

panels is 37V and the current value is 0.75A. 
 

 

Fig. 11. Measurement values for solar 

panels 

 

Solar panels integrated to the system after 

1.5 minutes when the batteries engaged to 

the system (Figure 12). To obtain the highest 

power output from the panel when the 

battery is being charged, if the load is 

engaged to the system when 1A current 

pulled out of the system, the current value in 

the system raises up to 3.2A. Meanwhile the 

voltage increases from 27V to 32V. 

The peak power point search algorithm 

causes large changes in current between the 

time interval of 2.5 minute and the 7.th 

minute. 

 

 

 
Fig. 12. Measurement values for solar 

panels 

 

 
Fig. 13. Measurement values for solar 

panels 

When both the solar panels and the load are 

engaged to the system at the same time, 

MPPT continuously keep running the search 

algorithm as shown in Figure 13. If both the 

load and battery engaged to the system, this 

cause an increase in the current which is 

being pulling out from the system while the 

voltage values decreases. Measurements 

which were taken for 8 minutes at the 

highest sunshine hour, 01:30pm, show that 

the current changes 0.3A due to the load. 

 

6. Conclusion 

In this study, "A Domestic Type Solar-Wind 

Hybrid System Design and Application" is 

implemented. A portion of the energy 

requirement for a home has been supplied 

with the electricity generated from the wind 
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and solar power. In the implemented system, 

control card in which the software is 

developed by experts, decides whether the 

energy generators would be engaged to the 

system or not. Real time control of the 

inputs and outputs is carried out by 3 current 

sensors and 3 voltage sensors in the system. 

Maximum power point tracking system used 

in the MPPT provided optimum benefit from 

the solar energy. 

The key element of the concept presented in 

this paper is that two or more renewable 

power sources can be connected to a power 

grid with complex electrical interactions. A 

complete hybrid power system such as the 

one described, may be too expensive and too 

labor intensive for many Industrial 

TechnologyDepartments. The enhancements 

to instruction, especially in making electrical 

power measurements more physical, 

intuitive, and real-world-like are substantial 

and the costs and labor involved in some 

adaptation of the ideas in this paper to a 

smaller scale setup are reasonable. 

The use of solar and wind hybrid power 

generation is an especially vivid and 

relevant choice for students of electrical 

technology as these are power sources of 

growing technological, political, and 

economic importance. 
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1. Abstract – In this paper, an overview of the 

energy storage technologies used for electric 
power is carried out. Most of the technologies 
are in use today while others are still under 
intensive research and development. A 
comparison between the various technologies 
is presented in terms of the most important 
technological characteristics of each 
technology. The comparison shows that each 
storage technology is different in terms of its 
ideal network application environment and 
energy storage scale. 
Keywords: Power generation, Distributed 
generation, Energy storage, Electricity storage 

 

2. Introduction 
In today’s world, the need for more energy 
seems to be ever increasing. Both households 
and industries require large amounts of power. 
In addition, the unprecedented global increase 
in energy demand has meant that the price of 
conventional energy sources has risen 
dramatically and that the dependence of 
national economies on a continuous and 
undistorted supply of such sources has 
become critical. Such development brings 
about the need to replace old energy 
production methods with new ones. While 
several are in development, including the 
promising nuclear fission power, other 
production methods are already in commercial 
use. The penetration of renewable energy 
sources and of other forms of potential 
distributed generation sources is increasing 
worldwide. These types of energy sources 
often rely on the weather or climate to work 
effectively, and include such methods as wind 
power, solar power and hydroelectricity in its 
many forms. 
These new sources of energy have some 
indisputable advantages over the older 
methods. At the same time, they present new 
challenges. The output of the traditional 
methods is easy to adjust according to the 
power requirements. The new energy sources 
are based more directly on harnessing the 

power of the nature and as such their peak 
power outputs may not match the power 
requirements. They may exhibit large 
fluctuations in power output in monthly or even 
annual cycles. Similarly, the demand can vary 
monthly or annually. Therefore, in order for 
these new sources to become completely 
reliable as primary sources of energy, energy 
storage is a crucial factor. Essentially, energy 
from these sources must be stored when 
excess is produced and then released, when 
production levels are less than the required 
demand. Energy storage technologies form 
therefore an integral and indispensable part of 
a reliable and effective renewable and 
distributed generation unit. 

 
 

3. Flywheel storage technologies 

A flywheel is a mass rotating about an axis, 
which can store Energy mechanically in the 
form of kinetic energy .Energy is required to 
accelerate the flywheel so it is rotating. This is 
usually achieved by an electric motor when 
being used in an electrical system. Once it is 
rotating, it is in effect a mechanical battery that 
has a certain amount of energy that can be 
stored depending on its rotational velocity and 
It’s moment of inertia. The faster a flywheel 
rotates the more energy it stores. This stored 
energy can be retrieved by slowing down the 
flywheel via a decelerating torque and 
returning the kinetic energy to the electrical 
motor, which is  used as a generator. Apart 
from the rotating flywheel, the other main 
components of a flywheel storage system are 
the rotor bearings and the power interface as 
illustrated in fig 1. The flywheel can be either 
low speed, with operating speeds up to 6000 
rpm, or high-speed with operating speeds up 
to 50,000 rpm [1]. Low speed flywheels are 
usually made of steel rotors and conventional 
bearings. The main advantages of flywheel 
storage systems are the high charge and 
discharge rates for many cycles. Indeed, the 
high cycling capability of flywheels is one of 
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their key features and is not dependent on the 
charge or discharge rate. Full-cycle lifetimes 
range from105 up to 107. In fact, the limiting 
factor in some applications is more likely to be 
the flywheel lifetime which is quoted as 
typically 20 years. Also, typical state-of-the-art 
composite rotors have high specific energies, 
up to 100 Wh/kg, with high specific power. 

 
 

Fig.1 Main components of a flywheel storage 
system 

 

Such applications can be the integration of a 
flywheel energy storage system with a 
renewable energy source power plant system 
[4]. The amount of power produced by 
renewable energy sources such as 
photovoltaic cells and wind turbines varies 
significantly on an hourly, daily and seasonal 
basis due to the variation in the availability of 
the sun, wind and other renewable resources. 
Even when conventional technologies are 
generating electricity at a constant rate, there 
are demand fluctuations throughout the day. 

 
 

4. Battery storage technologies 
Battery storage technologies are rechargeable 
electrochemical systems used to store energy. 
They deliver, in the form of electric energy, the 
chemical energy generated by electrochemical 
reactions. These reactions are set in train 
inside a basic cell, between two electrodes 
plunged into an electrolyte, when a load is 
connected to the cell’s terminals. A battery 
consists of single or multiple cells, connected 
in series or in parallel or both depending on 
the desired output voltage and capacity. Each 
cells, consists of: 

 

 The anode or negative electrode 
which provides electrons to the load 
and is oxidised during the 
electrochemical reaction. 

 The cathode or positive electrode 
which accepts electrons and is 
reduced during the reaction. 

 The electrolyte which provides the 
medium for transfer of electrons 
between the anode and the cathode. 

 

 The separators between positive and 
negative electrodes for electrical 
insulation. 

 
 

 

Fig. 2.Chargeable cell/battery diagram 
 

There are three main types of conventional 
storage batteries that are used extensively 
today: the lead–acid batteries, the nickel 
based batteries and the lithium-based 
batteries. 

 

5. Super capacitor storage technologies 

The super capacitor resembles a 
The super capacitor resembles a regular 
capacitor except that it offers very high 
capacitance in a small package. 
Super capacitors rely on the separation of 
charge at an electric interface that is measured 
in fractions of a nano meter, compared with 
micrometers for most polymer film capacitors. 
Energy storage is by means of static charge 
rather than of an electro-chemical process 
inherent to the battery [1]. Super capacitors 
are very high surface areas activated 
capacitors that use a molecule-thin layer of 
electrolyte as the dielectric to separate charge. 
Depending on the material technology used for 
the manufacture of the electrodes, super 
capacitors can be categorized into 
electrochemical double layer super capacitors 
(ECDL) and pseudo capacitors. Hybrid 
capacitors are also a new category of super 
capacitors (see Fig. 3 for super capacitor 
taxonomy). ECDL super capacitors are 
currently the least costly to manufacture and 
are the most common type of super capacitor. 
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Fig. 3.Taxonomy of super capacitors 
 

6. Pumped storage technology 

Pumped storage hydroelectricity is a method 
of storing and producing electricity to supply 
high peak demands by moving water between 
reservoirs at different elevations. At times of 
low electricity demand, excess generation 
capacity is used to pump water into the higher 
reservoir (Fig. 4). When there is higher 
demand, water is released back into the lower 
reservoir through a turbine, generating 
electricity. Pumped storage system may be 
economical because it flattens out load 
variations on the power grid, permitting 
thermal power stations such as coal-fired 
plants and nuclear plants that provide base- 
load electricity to continue operating at peak 
efficiency, while reducing the need for peaking 
power plants that use costly fuels. Capital 
costs for purpose-build hydro storage are high, 
however. 
Along with energy management, pumped 
storage systems help control electrical network 
frequency and provide reserve generation. 

 

 

Fig.4.A typical pumped storage plant 
 

Reversible turbine/ generator assemblies act 
as pump and turbine. Some facilities use 
abandoned mines as the lower reservoir, but 
many use the height difference between two 
natural bodies of water or artificial reservoirs. 
Pure pumped storage plants just shift the 
water between reservoirs, but combined 
pump-storage plants also generate their own 
electricity like conventional hydroelectric plants 

 

through natural steam-flow. Plants that do not 
use pumped storage are referred to as 
conventional hydroelectric plants. 
Taking into account evaporation losses from 
the exposed water surface and conversion 
losses, approximately 70–85% of the electrical 
energy used to pump the water into the 
elevated reservoir can be regained. The 
technique is currently the most cost effective 
means of storing large amounts of electrical 
energy on an operating basis, but capital costs 
and the presence of appropriate geography 
are critical decision factors. 

 
 
 

7. Conclusions 

It is very difficult to compare the various types 
of energy store techniques to one another as 
they are individually ideal for certain 
applications but no technology is perfect for 
everything. Consequently, for the purposes of 
this paper, a number of illustrations are 
provided indicating the capabilities of each 
energy storage technology in relation to one 
another. 
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1. INTRODUCTION 

Conventional vehicles operate on the principle of 

internal combustion engine (ICE) that runs on 

fossil fuels (gasoline or diesel) from oil deposits 

that are millions of years old. ICE vehicles emit 

carbon dioxide, hydrocarbon, sulphur oxides, 

carbon monoxide and hydrocarbon through their 

tailpipes. These gases result in global warming 

through green house gas effects and pollution 

effects which are harmful to both environment and 

lives. Also the prices of fossil fuels keep rising 

astronomically. There is a growing scientific 

consensus that increasing levels of greenhouse gas 

emissions are changing the earth’s climate [1]. Also 

oil prices continue to sky rocket while tougher 

regulations and policies on permitted exhaust gases 

are being instituted in major cities of the world. 

These and some other related issues are compelling 

vehicle manufacturers to come up with fuel 

efficient vehicles. These types of vehicles are 

known as hybrid electric vehicles. Hybrid as it 

affects vehicles could be in terms of the fuel used 

in the internal combustion engine of vehicles (fuel 

hybridization) or the combination of propulsive 

power from an internal combustion engine with 

that produced by electric energy stored in batteries 

(drive – train hybridization).The latter which is also 

known as electric – internal combustion hybrid. 

In addition to vehicles that use two or more 

different devices for creating propulsion power, 

some vehicles also use distinct energy input types 

or fuels. For example, flexible – 

fuel vehicles can use a mixture of gasoline and 

natural gas. Some vehicles too have been modified 

to use another fuel source if available. For instance 

some cars that run on propane and diesels are 

modified to run on waste vegetable oil. 

 
Figure: hybrid electric vehicle 

 

2. ALTERNATIVE FUELS 

The alternative fuels are mainly considered to be 

those from renewable sources like ethanol and 

methanol from crops or cellulose and biomass from 

rot of organic material. Alternative fuels like 

methanol from natural gas or gasol are of fossil fuel 

origin, but have lower emissions than gasoline and 

diesel. 

 

2.1 Ethanol 

Ethanol is produced through fermentation of sugar, 

which can be extracted from crops or cellulose. All 

gasoline powered passenger cars can without any 

technical modifications be tanked with 10-15% of 

ethanol. This is also possible for diesel engines 

after some minor adjustments. The advantages of 

using ethanol are mainly reduction in the emission 

of harmful exhaust gases such as reduced carbon 

dioxide, nitrogen dioxide and soot particles. 

 

2.2 Methanol 

This is mainly produced from natural gas, even 

though it is also possible to produce methanol from 

biomass. The use of methanol also yields reduced 

emissions. 

Biogas 

Biomass is produced from organic rest products 

and from cultivated biomass. It is today considered 

to be the bio-fuel with the least harmful impacts on 

the environment. The gas consists of methane gas, 

carbon dioxide and water. The methane gas can be 

used as fuel in vehicle engines. 

 

2.3 Natural Gas 

Natural gas is a fossil fuel with main methane as 

the main contaminant. The emissions of carbon 

dioxide from the use of natural gas is 15-20% 

lower than by using gasoline. Engines using natural 
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gas have mainly low emissions of particles and 

hydrocarbons. 

 

2.4 Gasol 

Gasol is basically a fossil fuel. The gas is quite 

relatively cheap and gives low exhaust emissions 

compared with gasoline and diesel. 

 

2.5 Hydrogen Gas (Fuel Cell) 

The fuel cells replace the thermal engine/generator 

group. The associate hybrid structure is always the 

series one. A fuel cell is an electrochemical energy 

conversion device. It produces electricity, water 

and heat when hydrogen fuel and oxygen from the 

air are used. Water is the only emission when 

hydrogen is used [2]. In an automotive fuel cell, 

hydrogen and oxygen undergo a relatively cool, 

electrochemical reaction that directly produces 

electrical energy. This electrical energy is fed into 

motor to power the wheels of the vehicle. The 

problem with this type of fuel is that hydrogen is 

not found naturally and as such has to be produced. 

It also has to be stored. Also there is the possibility 

of explosion that may occur should hydrogen leak 

and get in contact with air (take for instance during 

auto accident). However, hydrogen gas used as fuel 

cells is considered to be an optimal energy carrier 

for the future[1]. 

Types of fuel cell available are Alkaline Fuel Cell 

(AFC), Proton Exchange Membrane (PEM), Direct 

Methanol Fuel Cell (DMFC), Phosphoric Acid Fuel 

Cell (PAFC), Molten Carbonate Fuel Cell (MCFC) 

and Solid Oxide Fuel Cell (SOFC) [1, 3]. 

 
 

3. BATTERIES 

 

Batteries are portable sources of electrical energy 

which is converted to mechanical energy in the 

electric motor for propulsion. There are many types 

of batteries in existence for hybrid electric vehicle 

application. They are Lead Acid, Nickel Iron, 

Nickel Cadmium, Nickel Metal Hydride, Lithium 

Polymer, Lithium Iron, Sodium Sulphur and 

Sodium Metal Chloride. Examples of metal air 

battery which are mechanically refueled are: 

Aluminum – Air and Zinc – Air [3]. 

 

4. ELECTRIC/INTERNAL COMBUSTION 

ENGINE HYBRID 

 

This involves basically the combination of two 

power sources, an internal combustion engine and 

an electrical machine [4]. The electrical machine is 

designed to handle transient power variations and 

helps the engine to operate more constantly such 

that higher efficiency and lower tailpipe emissions 

can be achieved [2]. There are many ways to create 

an electric – internal combustion hybrid. The 

variety of electric – ICE designs can be 

 

differentiated by how the electric and combustion 

portions of the power train connect, at what times 

each portion is operation and what percent of the 

power is provided by each hybrid component. Two 

major categories are:- 

 

Series hybrids and Parallel hybrids [6,7] 

 

4.1 Series Hybrid Electric Vehicles 

 

The series hybrid is a combination of energy 

sources. The traction is obtained by only one 

central electric motor or by wheel hub motors. The 

on-board total energy source results from the 

combination of two or more energy sources. Hence 

a decoupling of the operation of the energy source 

from the required traction power is possible. The 

advantage of this type of hybrid is the flexibility 

afforded by the lack of a mechanical link between 

the internal combustion engine and the wheels. 

 

4.2 Parallel Hybrid Electric Vehicles 

 

The parallel hybrid is a combination of traction 

systems. A combination of electric machines and 

internal combustion engine, being part of two or 

more drive shafts, perform the traction. Each 

driveshaft has to be associated with an energy 

source. The parallel hybrid drives realise a purely 

mechanical power addition. Parallel hybrid systems 

connect both the electrical and internal combustion 

systems to the mechanical transmission. They can 

be sub – classified on the bases of the ratio of 

contribution to the motive power of the different 

component or portion. In some cases the internal 

combustion engine is the dominant component and 

is used to supply power primarily with the battery 

supplying power only when a boost is needed. 

Others can run with just the electric system 

operating alone. 

 
 

5. POWER ELECTRONICS CONVERTERS 
(DRIVES) 

 

5.1 Inverter 

An inverter is a device that converts a direct current 

(DC) from battery or a similar source into an 

alternating current (AC) which can be used for 

driving AC electrical motors. It consists of a power 

module, DC link capacitors, sensors, a filter and a 

control system. The power module is made of high 

– power fast – acting semiconductor devices such 

as bipolar junction transistor (BJT), metal oxide 

semiconductor field effect transistor (MOSFET), 

insulated gate bipolar transistor 

(IGBT), silicon – controlled rectifier (SCR) etc. 

Electric machine is current intensive; therefore the 

switching devices must have the high current 

capabilities [4]. 
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5.2 Rectifier 

A rectifier does opposite of what an inverter does. 

It is a device that converts an alternating current 

(AC) from the utility grid to a direct current (DC) 

for direct current applications such as direct current 

(DC) motor drives. It also has all the components 

like the inverter. The switching devices are just like 

the ones used in inverter. 

 

5.3 Two-Quardrant Converters 

A two – quadrant converter is a converter that can 

act both as a rectifier and an inverter. It makes the 

flow of current and power in bidirectional form 

possible. This type of converter becomes necessary 

in hybrid electric vehicle drive because of the need 

to recover braking power through regeneration. 

Other 
types of converters that may find application in 

hybrid electric vehicle drive includes PWM DC/DC 

Buck, Boost, Buck-Boost and Cuk converter. 

 

6. BENEFITS OF HYBRID VEHICLES 

There are large and growing reasons why hybrid 

vehicles are the future of auto-industry worldwide. 

Among many advantages that have given hybrid 

vehicle edge over its internal combustion engine 

counterpart are as follows: 

 

 The internal combustion engine in a hybrid 

vehicle is Much smaller, lighter and more efficient 

than the one in a conventional vehicle. This is 

because the engine can be sized for slightly above 

average power demand rather than peak power 

demand. 

 

 A standard combustion engine is required to 

operate over a range of speed and power, yet its 

highest efficiency is in a narrow range of operation 

where as in a hybrid vehicle, the engine operates 

within its range of highest efficiency. 

 

 The power curve of electric motors is s better 

suited to Variable speeds and can provide 

substantially greater Torque at low speeds 

compared with internal combustion engines. 

 Hybrid vehicles are much more energy efficient 

than traditional internal combustion engine vehicles 

because they generally provide greater fuel 

economy. This statistic has a major implication for 

the reducing gasoline consumption and vehicle air 

pollution emissions worldwide. 

 

 There is reduced wear and tear on the gasoline 
engine. 
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Abstract:- In the last two decades, power demand has 

increased substantially while the expansion of power 

generation and transmission has been severely limited due 

to limited resources and environmental restrictions. As a 

consequence, some transmission lines are heavily loaded 

and the system stability becomes a power transfer-limiting 

factor. Flexible AC transmission systems (FACTS) 

controllers have been mainly used for solving various 

power system steady state control problems. Flexible AC 

transmission systems or FACTS are devices which allow 

the flexible and dynamic control of power systems. 

Enhancement of system stability using FACTS controllers 

has been investigated. This paper is aimed towards the 

benefits of utilizing FACTS devices with the purpose of 

improving the operation of an electrical power system. 

Performance comparison of different FACTS controllers 

has been discussed. In addition, some of the utility 

experience and semiconductor technology development 

have been reviewed and summarized. Applications of 

FACTS to power system studies have also been discussed 

 
Keywords— FACTS devices, genetic algorithms, 

Applications 

I. INTRODUCTION 

The FACTS controllers offer a great opportunity to regulate 

the transmission of alternating current (AC), increasing or 

diminishing the power flow in specific lines and responding 

almost instantaneously to the stability problems. The potential 

of this technology is based on the possibility of controlling the 

route of the power flow and the ability of connecting networks 

that are not adequately interconnected, giving the possibility 

of trading energy between distant agents. Flexible Alternating 

Current Transmission System (FACTS) is static equipment 

used for the AC transmission of electrical energy. It is meant 

 
to enhance controllability and increase power transfer 

capability. It is generally power electronics based device. The 

FACTS devices can be divided in three groups, dependent on 

their switching technology: mechanically switched (such as 

phase shifting transformers), thyristor switched or fast 

switched, using IGBTs. While some types of FACTS, such as 

the phase shifting transformer (PST) and the static VAR 

compensator (SVC) are already well known and used in 

power systems, new developments in power electronics and 

control have extended the application range of FACTS. 

Furthermore, intermittent renewable energy sources and 

increasing international power flows provide new applications 

for FACTS. The additional flexibility and controllability of 

FACTS allow mitigating the problems associated with the 

unreliable of supply issues of renewable. SVCs and 

STATCOM devices are well suited to provide ancillary 

services (such as voltage control) to the grid and fault rid 

through capabilities which standard wind farms cannot 

provide Furthermore, FACTS reduce oscillations in the grid, 

which is especially interesting when dealing with the 

stochastic behaviour of renewable. 

Appearance of FACTS devices (Flexible AC Transmission 

Systems) linked to the improvements in semiconductor 

technology permitted to suppress these drawbacks. It opens up 

new opportunities for controlling power and enhancing the 

usable capacity of existing transmission lines. In this paper, 

we look for the optimal location of multi-type FACTS 

devices. Four different devices, with specific characteristics, 

have been selected and modeled for steady-state analysis. 

They are used in order to maximize the power transmitted by 

the network by controlling the power flows. The optimal 

location of a given number of FACTS is a problem of 

combinatorial analysis. To solve such kind of problem, 

heuristic methods can be used . Among them, we have chosen 

the genetic algorithms (GAs) . 
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II. FACTS DEVICES 

 
A. Generalities on FACTS Devices 

In a power system, FACTS devices may be used to achieve 

several goals. In steady-state, for a meshed network, they can 

permit to operate transmission lines close to their thermal 

limits and to reduce the loop flows. In this respect, they act by 

supplying or absorbing reactive power, increasing or reducing 

voltage and controlling series impedance or phase-angle. 

Their high-speed command gives them several qualities in 

dynamic stability. In particular, they are capable to increase 

synchronizing torque, damp oscillations at various frequencies 

below the rated frequency (0.2 to 1.5 Hz), support dynamic 

voltage or control power flows. Moreover, FACTS devices 

mayhave benefits in case of short circuits, by limiting short- 

circuit current . 

Another advantage of FACTS devices consists in the fact that 

this technology gives the opportunity to extend the current 

transmission line limits in a step-by-step manner with 

incremental investment when required. Furthermore, it offers 

the possibility to move an installation when it becomes not 

useful anymore. Different types of devices have been 

developed and there is various ways to class them: i) the 

technology of the used semiconductor, ii) the possible benefits 

of the controllers, and iii) the type of compensation. 

According to the last classification, we may distinguish three 

categories of FACTS controllers: 

• series controllers 

• shunt controllers 

• combined series-shunt controllers 

Inside a category, several FACTS devices exist and each one 

has its own proprieties and may be used in specific contexts. 

The choice of the appropriate device is important since it 

depends on the goals to be reached. 

B. Choice of FACTS Devices 

In an interconnected electrical network, power flows obey 

Kirchhoff’s laws. Usually, the value of the transverse 

conductance is close to zero and for most transmission lines, 

the resistance is small compared to the reactance. By 

neglecting the transverse capacitance, active and reactive 

power transmitted by a line between two buses 1 and 2 may be 

approximated by the following relationships: 

 

 
 

 

Fig. 1. Used FACTS devices. (a) TCSC. (b) TCPST. (c) 

TCVR. (d) SVC. 

III. OPTIMIZATION ALGORITHMS 

Heuristic Methods and Genetic Algorithms 

Heuristic methods may be used to solve combinatorial 

optimization problems. These methods are called “intelligent,” 

because the move from one solution to another is done using 

rules close to the human reasoning. The heuristic algorithms 

search for a solution inside a subspace of the total search 
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space. Thus, they are able to give a good solution of a certain 

problem in a reasonable computation time, but they do not 

assure to reach the global optimum. The most important 

advantage of heuristic methods lies in the fact that they are not 

limited by restrictive assumptions about the search space like 

continuity, existence of derivative of objective function, etc. 

Several heuristic methods exist. Among them, we may quote 

Tabu Search method (TS) , Simulated Annealing (SA) , and 

Genetic Algorithms (GAs) . Each one has its own properties 

and drawbacks. The TS is basically a deterministic method, 

and experience shows that no random process might restrict 

the search in the set of solutions. The SA needs long 

computation time. Further, there are an important number of 

parameters that are difficult to determine, such as the cooling 

schedule. In this research we decided to work with GAs. 

Genetic algorithms are based on the mechanisms of natural 

selection. They always produce high quality solutions because 

they are independent of the choice of the initial configurations. 

Moreover, they are computationally simple and easy to 

implement. One of the drawbacks is their possibility to 

converge prematurely to a suboptimal solution. The optimal 

solution is sought after from a population of solutions using 

random process. A new generation is created by applying to 

the current population the three following operators: 

reproduction, crossover and mutation. The reproduction is 

a process dependant of an objective function to maximize or 

minimize according to the cases. 

 
 
 

Fig. 2. Configuration of 5 FACTS devices. (a) Power system. 

(b) Individual 

 
 

 

Fig. 3. Computation of the objective function. (a) Population. 

(b) Objective function. (c) Biased roulette wheel. 

 
 

 

Fig. 4. Reproduction. (a) Draws on the biased roulette wheel. 

(b) Selected individuals 
 

 

Fig. 5. Crossover. (a) Individuals; offsprings. (b) Before 

correction. (c) After correction. 

 

Fig. 6. Mutations. (a) Before mutations. (b) After 

mutations. 

IV. CONTROL OF POWER SYSTEM 

A. Generation, Transmission, Distribution 

In any power system, the creation, transmission, and 

utilization of electrical power can be separated into three areas, 

which traditionally determined the way in which electric 

utility companies had been organized. 

These are illustrated in Figure 1 and are: 

• Generation 
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• Transmission 

• Distribution 
 

 

Fig – 1.Block diagram of generation, transmission & 

distribution 

Although power electronic based equipment is prevalent in 

each of these three areas, such as with static excitation 

systems for generators and Custom Power equipment in 

distribution systems, the focus of this paper and 

accompanying presentation is on transmission, i.e, moving the 

power from where it is generated to where it is utilized. 

 
B. Controllability of Power Systems 

To illustrate that the power system only has certain variables 

that can be impacted by control, we have considered here the 

power-angle curve, shown in Figure 2. Although this is a 

steady-state curve and the implementation of FACTS is 

primarily for dynamic issues, this illustration demonstrates the 

point that there are primarily three main variables that can be 

directly controlled in the power system to impact its 

performance. These are: 

• Voltage 

• Angle 

• Impedance 
 

 
 

Fig – 2. Illustration of controllability of power systems 

 

We can also infer the point that direct control of power is a 

fourth variable of controllability in power systems. With the 

establishment of “what” variables can be controlled in a 

power system, the next question is “how” these variables can 

be controlled. The answer is presented in two parts: namely 

conventional equipment and FACTS controllers 

Examples of Conventional Equipment For Enhancing Power 

System Control 

• Series Capacitor -Controls impedance 

• Switched Shunt-Capacitor and Reactor - Controls voltage 

• Transformer LTC -Controls voltage 

• Phase Shifting Transformer -Controls angle 

• Synchronous Condenser -Controls voltage 

• Special Stability Controls-Focuses on voltage control but 

often include direct control of power 

• Others (When Thermal Limits are Involved) - Can included 

reconductoring, raising conductors, dynamic line monitoring, 

adding new lines, etc. 

Example of FACTS Controllers for Enhancing Power System 

Control 

• Static Synchronous Compensator (STATCOM) 

-Controls voltage 

• Static VAR Compensator (SVC) -Controls voltage 

• Unified Power Flow Controller (UPFC) 

• Convertible Series Compensator (CSC) 

• Inter-phase Power Flow Controller (IPFC) 

• Static Synchronous Series Controller (SSSC) 

Each of the above mentioned controllers have impact on 

voltage, impedance, and/or angle (and power) 

• Thyristor Controlled Series Compensator (TCSC)-Controls 

impedance 

• Thyristor Controlled Phase Shifting Transformer (TCPST)- 

Controls angle 

• Super Conducting Magnetic Energy Storage (SMES)- 

Controls voltage and power 
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C. Benefits of Control of Power System 

Once power system constraints are identified and through 

system studies viable solutions options are identified, the 

benefits of the added power system control must be 

determined. The following offers a list of such benefits: 

• Increased Loading and More Effective Use of Transmission 

Corridors 

• Added Power Flow Control 

• Improved Power System Stability 

• Increased System Security 

• Increased System Reliability 

• Added Flexibility in Starting New Generation 

• Elimination or Deferral of the Need for New Transmission 

Lines 

D. Benefits of utilizing FACTS devices 

The benefits of utilizing FACTS devices in electrical 

transmission systems can be summarized as follows [1]: 

• Better utilization of existing transmission system assets 

• Increased transmission system reliability and availability 

• Increased dynamic and transient grid stability and reduction 

of loop flows 

•Increased quality of supply for sensitive industries 

• Environmental benefits Better utilization of existing 

transmission system assets 

 

 
V. APPLICATIONS AND TECHNICAL BENEFITS OF 

FACTS 

The technical benefits of the principal for dynamic 

applications of FACTS in addressing problems in transient 

stability, dampening, post contingency voltage control and 

voltage stability are summarized in Table-1. FACTS devices 

are required when there is a need to respond to dynamic (fast- 

changing) network conditions. The conventional solutions are 

normally less expensive than FACTS devices, but limited in 

their dynamic behaviour. It is the task of the planners to 

identify the most economic solution. 

 

 
 

Table 1. Technical benefits of the main FACTS devices 

 
VI. CONCLUSIONS 

The essential features of FACTS controllers and their 

potential to improve system stability is the prime concern for 

effective & economic operation of the power system. We have 

presented a genetic algorithm to optimally locate multi-type 

FACTS devices in a power system. Four types of controllers 

were chosen and modeled for steady-state studies. 

Optimizations were performed on three parameters: the 

locations of the devices, their types, and their values. The 

system loadability was employed as measure of power system 

performance 
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Abstract- 

 

The power system stability problem can be 

discussed on the basis of concept, 

classification and definition of parameters 

used in synchronous machines under small 

perturbations. This phenomenon can be 

suitably explored by examining the case of 

a Single Machine connected to an Infinite 

Bus (SMIB) through external reactance. 

The analysis of the system are done on the 

basis of two major points: i) steady 

increase in rotor angle of generator due to 

lack of synchronizing torque, and ii) rotor 

oscillations due to lack of sufficient 

damping (increasing in nature). Due to 

insufficient damping of system oscillations 

the small signal stability is disturbed in the 

range of small signal frequency between 

0.2 Hz to 2.5 Hz. 

 

Introduction 

 

In this paper a study is done on various 

dynamic characteristics parameter and 

their control strategies used to reduce the 

small signal oscillations. The concept of 

Power System Stabilizer (PSS) is 

introduced along with the Automatic 

Voltage Regulator (AVR). The effect of 

synchronous machine field circuit 

dynamics plays an important role in the 

stability of the machine. A transfer 

function is introduced in the classic SMIB 

model to make effective use of PSS. The 

different PSS transfer functions are 

compared by providing stabilizing signal 

to excitation system. 

 

The phenomenon of stability of 

synchronous machine operation has 

received a great deal of attention in the 

past and will receive increasing attention 

in the future. The stabilizing requirements 

include the voltage regulator gain 

parameters as well as the transfer function 

characteristics for a machine speed derived 

signal superposed on the voltage regulator 

reference for providing damping of 

machine oscillations. AVR in weakly 

interconnected power systems introduce a 

significant negative damping to low 

frequency dynamic oscillations in the 0.2- 

2.5 Hz range. These oscillations affecting 

the dynamic stability are generally taken 

care by PSS through supplementary 

excitation control. Concurrent with these 

trends are improvements in calculating 

methods and computing capability which 

permit predicting complex dynamic 

effects, providing the means for designing 

control equipment with the proper 

characteristics. 

 

The control strategy of excitation control 

of synchronous machine requires dynamic 

calculations. Signals are derived from the 

machine parameters. Study has revealed 

that the most suitable variable is the rotor 

speed for providing the control signal to 

the excitation system. Though this requires 

measurement of accelerating power yet 

measurement of mechanical power is more 

complicated and it does not actually make 

any significance change in the power angle 

oscillations. The input used by a PSS can 

be the generator rotor speed or electrical 

power which is proportional to the rate of 



 

𝑑 

 

change of speed and is fed through a lead 

type transfer function to the voltage 

regulator input of the synchronous 

 

𝐸′𝐸𝐵𝑠𝑖𝑛𝛿 
 
= 

𝑋𝑇 

 
 
+ 𝑗 
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𝐸′(𝐸′ − 𝐸𝐵𝑐𝑜𝑠𝛿) 
 

 

𝑋𝑇 

generator. 

A proper stabilizing signal derived from 

the speed control loop and introduced into 

the excitation system can increase the 

damping torque of the machine at these 

oscillation frequencies; therefore, 

considerable attention and efforts have 

been directed toward using the excitation 

control systems to improve power system 

stability. 

 

Development of small signal oscillation 

damping system: 

 

The state space representation is given by: 

 

∆𝑥  = 𝐴∆𝑥 + 𝐵∆𝑢 
∆𝑦 = 𝐶∆𝑥 + 𝐷∆𝑢 

 
In the above equation: 

 
Δx      is the state vector of dimension n 

The equation of motion in per unit are: 
 

1 
𝑝∆𝑤𝑟 = 

2𝐻 
(𝑇𝑚 − 𝑇𝑒 − 𝐾𝐷∆𝑤𝑟) 

𝑝𝛿 = 𝑤0∆𝑤𝑟 
 

Where ∆𝑤𝑟 is the per unit speed deviation, 

𝛿 is rotor angle in electrical radians, 𝑤0 is 

the base rotor electrical speed in radians 

per second, and p is the differential 

operator d/dt with time t in seconds. 

By linearization of above equation and 

putting value of ΔTe : 

1 
𝑝∆𝑤𝑟 = 

2𝐻 
(∆𝑇𝑚 − 𝐾𝑠∆𝛿 − 𝐾𝐷∆𝑤𝑟) 

Where Ks is the synchronizing torque 

coefficient and is equal to: 

 
𝐸′𝐸𝐵 

Δy is the output vector of dimension n 
Δu is the input vector of dimension r 

𝐾𝑠 = ( 
𝑋𝑇 

)𝑐𝑜𝑠𝛿0 

A is the state/plant matrix of size 

nxn 

B is the control input matrix of size 

Writing equations in the vector-matrix 

form: 

nxr 
C is the output matrix of size mxn  𝑑  ∆𝑤𝑟 

𝐾𝐷 
− 

 𝐾𝑠  
− 

 
∆𝑤𝑟 

D is the (feedforward) matrix which 𝑑𝑡 
[ 
∆𝛿 

] = [ 2𝐻 2𝐻] [ 
∆𝛿 

] 

defines the proportion of input 

which appears directly in the 

output, size mxr 

 

The single machine infinite bus system: 
 

 

Fig 1: Single machine infinite bus system 

the complex power behind 𝑋′ is given by: 

𝑤0 0 
1 

+ [2𝐻] ∆𝑇𝑚 
0 

The above equation is of the form of state 

space representation. We can see that the 

matrix A elements are depending upon 

system parameters and initial condition. 

On basis of state space a block diagram 

can be developed as shown below: 

𝑆′ = 𝑃 + 𝑗𝑄′ = 𝐸′𝐼∗̅ 𝑡 



 

𝑤 𝑤 
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Using Park’s transformation: 
 

𝑤 
𝑣𝑑 = 𝑅𝑒𝐼𝑑 + 

𝑠 

1 
𝜑𝑒𝑞 − 

𝑠 

𝑑𝜑𝑒𝑑 

𝑑𝑡 
+ 𝑣𝑠 sin(𝛿 

− 𝜃𝑣𝑠) 

𝑤 1 𝑑𝜑𝑒𝑞 
𝑣𝑑 = 𝑅𝑒𝐼𝑞 − 𝜑𝑒𝑑 − 

𝑠 𝑠 𝑑𝑡 
+ 𝑣𝑠 cos(𝛿 − 𝜃𝑣𝑠) 

 
Fig 2: Block diagram of a SMIB with 

classical generator model 

1 
𝑣0 = 𝑅𝑒𝐼0 − 

𝑠 

𝑑𝜑𝑒0 

𝑑𝑡 

where 

Ks= synchronizing torque coefficient in pu 

torque/rad 

KD=damping toruque coefficient in pu 

torque/pu speed deviation 

H= inertia constant in MW-s/MVA 

The synchronous machine model, 

exciter/AVR model and terminal constraint 

model can be combined to achieve single 

machine infinite bus model in completion. 

Adding all the model we obtains: 

∆𝑤𝑟= speed deviation in pu= (wr-w0)/w0 𝑇′ 
𝑑 𝐸𝑞 = −𝐸  

 
− (𝑋 − 𝑋  

 
) [𝐼 − 

∆𝛿= rotor angle deviation in elec.rad 
𝑑0 𝑑𝑡 𝑞 𝑑 𝑑 𝑑 

   𝑋 𝑑−�̈�𝑑      (𝜑
 + (𝑋  − 𝑋 )𝐼   − 

s = Laplace operator (𝑋  𝑑−𝑋𝑒𝑠)2 1𝑑 𝑑 𝑒𝑠     𝑑 

w0= rated speed in elec.rad/s=2πf0 

Modelling of Single Machine Infinite 

𝐸  𝑞)] + 𝐸𝑓𝑑 ; 

Bus System 𝑇 ̈   
𝑑𝜑1𝑑  = − − (𝑋   − 

An infinite bus is an ideal sinusoidal 
𝑑0 𝑑𝑡 1𝑑 𝑑 

voltage source with constant magnitude 

and frequency and phase. 
𝑋𝑒𝑠)𝐼𝑑 + 𝐸 𝑞 ; 

 
𝑣   = −𝑖 

 
𝑟 − 𝑑𝜆 

 
 𝑒𝑎 + √2 𝑣 𝐶𝑜𝑠 (𝜔 𝑡 𝑇  

 

𝑞 0 

𝑑 𝐸𝑑 = −𝐸  
𝑑𝑡 

 

𝑑  + (𝑋𝑞 − 𝑋  𝑞) [𝐼𝑞 − 
𝑎 𝑎  𝑒 

 

𝑑𝑡 𝑠 𝑠 

+ 𝜃𝑣𝑠)     𝑋 𝑞−�̈�𝑞      
(𝜑

 
 

+ (𝑋  
 
− 𝑋 

 
)𝐼 + 

𝑑𝜆𝑒𝑏 
(𝑋  

2 
𝑞−𝑋1𝑠) 

2𝑞 𝑞 𝐿𝑠     𝑞 

𝑣𝑏 = −𝑖𝑏𝑟𝑒 − 
𝑑𝑡   

+ √2 𝑣𝑠𝐶𝑜𝑠 (𝜔𝑠𝑡 

2𝜋 𝐸 𝑑)] ; 

+ 𝜃𝑣𝑠 −  
3 

) 

 
 

𝑇 ̈   
𝑑𝜑2𝑞  = − 

 
− (𝑋  − 

𝑣 = −𝑖 𝑑𝜆𝑒𝑐 𝑟 − + √2 𝑣 𝐶𝑜𝑠 (𝜔 𝑡 𝑞0 𝑑𝑡 2𝑞 𝑞 

𝑐 𝑎  𝑒 𝑑𝑡 𝑠 𝑠 

2𝜋 𝑋𝐿𝑠 )𝐼𝑞 − 𝐸 𝑑  ; 

+ 𝜃𝑣𝑠 +  
3 

) 
T   

dδ 
= w ; 

 

Where s  dt t 

T
 dωt  = T − (𝜑 𝐼 − 𝜑 𝐼 ) − 

𝜆𝑒𝑎 𝐿𝑒𝑠 𝐿𝑒𝑚  

𝐿𝑒𝑚 

𝑖𝑎 s   dt m 𝑑𝑒  𝑞 𝑞𝑒  𝑑 

[𝜆𝑒𝑏] = [𝐿𝑒𝑚 𝐿𝑒𝑠 𝐿𝑒𝑚] [𝑖𝑏] Tfw; 
𝜆𝑒𝑐 𝐿𝑒𝑚 𝐿𝑒𝑚  

𝐿𝑒𝑠 

𝑖𝑐 

𝑤 𝑤 

𝑤 



 

𝑑 𝑞0 

 

𝜑1𝑑 and 𝜑2𝑞 are damper winding 

dynamics. 
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Eliminating stator network and fast 

damper winding effect the model equation 

now becomes: 

𝑇  

 

𝑇  

 
𝑑 0 

 

𝑞 0 

𝑑 𝐸𝑞 = −𝐸  
𝑑𝑡 

𝑑 𝐸𝑑 = −𝐸  
𝑑𝑡 

 
 

𝑞  
 
 

𝑑  

− (𝑋𝑑 

 
+ (𝑋𝑞 

− 𝑋  
 

− 𝑋  

𝑑)𝐼𝑑 

 
𝑞)𝐼𝑞 

+ 𝐸𝑓𝑑 

 

 
Fig 3: Equivalent circuit of exciter system 

𝑑𝛿 
= 𝜔 − 𝜔 

 

 
Two axis model: 

𝑑𝑡 

2𝐻 𝑑𝜔 = 𝑇 
 

 

𝑠 
 

 
− 𝐸  𝐼 

 
 
− 𝐸  𝐼 

Considering 𝑇 ̈    𝑎𝑛𝑑 𝑇 ̈  very small or 𝜔 𝑑𝑡 𝑚 𝑑  𝑑 𝑞  𝑞 

 
negligible: 

𝑑0 𝑞0 𝑠 

− (𝑋 𝑞  − 𝑋 𝑑)𝐼𝑑𝐼𝑞 − 𝑇𝑓𝑤 
 

0 = −𝜑1𝑑 − (𝑋 𝑑  − 𝑋𝑒𝑠)𝐼𝑑 + 𝐸 𝑞 

 

0 = −𝜑2𝑞 − (𝑋 𝑞  − 𝑋𝐿𝑠)𝐼𝑞 − 𝐸 𝑑 

Eliminating damper winding dynamic 

factors 𝜑1𝑑𝑎𝑛𝑑 𝜑2𝑞 equation for id and iq 

are: 

0 = (𝑅𝑠 + 𝑅𝑒)𝐼𝑑 − (𝑋 𝑞  − 𝑋𝑒𝑝)𝐼𝑞 − 𝐸 𝑑  + 

𝑣𝑠sin(𝛿 − 𝜃𝑣𝑠) 

0 = (𝑅𝑠 + 𝑅𝑒)𝐼𝑞 + (𝑋 𝑑  + 𝑋𝑒𝑝)𝐼𝑑 − 𝐸 𝑞  + 

𝑣𝑠cos(𝛿 − 𝜃𝑣𝑠) 

Both real equations can be combined to 

obtain complex equation: 

𝑉𝑑 = 𝑅𝑒𝐼𝑑 − 𝑋𝑒𝑝𝐼𝑞 + 𝑣𝑠sin(𝛿 − 𝜃𝑣𝑠) 
 

𝑉𝑞 = 𝑅𝑒𝐼𝑞 + 𝑋𝑒𝑝𝐼𝑑 + 𝑣𝑠cos(𝛿 − 𝜃𝑣𝑠) 
 

Fig 5: Block diagram with exciter and AVR 

 

The one-axis model: 
 

The two axis model still contains damper 

winding dynamics 𝐸′ . By setting 𝑇′ equal 

 
𝜋 

 
 

[𝐸 𝑑  + (𝑋 𝑞  − 𝑋 𝑑)𝐼𝑞 + 𝑗𝐸 𝑞]𝑒𝑗(𝛿−2
)

 

= (𝑅𝑠 + 𝑗𝑋 𝑑)(𝐼𝑑 

to zero the fast damper winding integral 

can be eliminated. 

 
0 = −𝐸′ + (𝑋𝑞 − 𝑋′ )𝐼 

 
𝜋 

+ 𝑗𝐼𝑞)𝑒𝑗(𝛿−2
)𝑉𝑠𝑒

𝑗𝜃
 

𝑑 𝑞    𝑞 

 
𝐸′ = (𝑋 − 𝑋′ )𝐼 
𝑑 𝑞 𝑞    𝑞 

The two axis model can be developed 

using the above equations. 

 

Putting the value in the two axis model: 

 

0 = (𝑅𝑠 + 𝑅𝑒)𝐼𝑑 − (𝑋𝑞 + 𝑋𝑒𝑝)𝐼𝑞 

+ 𝑣𝑠sin(𝛿 − 𝜃𝑣𝑠) 



 

𝑑 

𝑇 

𝑑 𝑞 

0 = (𝑅𝑠 + 𝑅𝑒)𝐼𝑞 + (𝑋 𝑑  + 𝑋𝑒𝑝)𝐼𝑑 − 𝐸 𝑞 

+ 𝑣𝑠cos(𝛿 − 𝜃𝑣𝑠) 
 

After combining both: 
 

𝜋 

[(𝑋𝑞 − 𝑋′ )𝐼𝑞 + 𝑗𝐸′ ]𝑒𝑗(𝛿−2
) = 

𝜋 
 

 

(𝑅𝑒 + 𝑗𝑋′ )(𝐼𝑑 + 𝑗𝐼𝑞)𝑒𝑗(𝛿−2
) + 
𝜋 

 
 

(𝑅𝑒 + 𝑗𝑋𝑒𝑝)(𝐼𝑑 + 𝑗𝐼𝑞)𝑒𝑗(𝛿−2
)  + 𝑉𝑠𝑒𝑗𝜃𝑣𝑠 
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Step two: 

Fast acting exciter between ∆𝑉𝑡 and ∆𝐸𝑓𝑑 
is introduced. In state space certain 

constants K1-K6 identified. The K1-K6 are 

functions of operating points. Using state 

space eigen values are identified and the 

supplementary controller are designed. 

Real and imaginary parts of 

electromechanical modes are associated 

with damping and synchronizing torques. 

Flux decay equations 

𝐸′   = − 
1 

(𝐸′ + (𝑋 
 

 
− 𝑋′ )𝐼 

 
− 𝐸 ) 

𝑞 ′ 𝑞 
𝑑0 

𝑑 𝑑    𝑑 𝑓𝑑 

𝛿  = 𝑤 − 𝑤𝑠 
 𝑤𝑠 𝑤   = [𝑇 

 
 
− (𝐸′ 𝐼 

 

+ (𝑋 − 𝑋′ )𝐼 𝐼 
2𝐻 𝑚 𝑞  𝑞 𝑑 𝑑 𝑑  𝑞 

 
Fig 4: Block diagram with constant Efd 

Modelling of PSS: 

It is a stabilizing device used to damp out 

the low frequency oscillations. The 

parameters are set to suppress the local and 

inter area modes. 

+ 𝐷(𝑤 − 𝑤𝑠))] 

Using stator algebraic equations assuming 

stator resistance Re as zero and terminal 

voltage as |Vt| 

Stator equations 

𝑋𝑞𝐼𝑞 − 𝑉𝑡 sin(𝛿 − 𝜃) = 0 

𝐸′ − 𝑉 cos(𝛿 − 𝜃) − 𝑋′ 𝐼 = 0 
Basic approach: 

The differential algebraic nonlinear model 

𝑞 𝑡 𝑑  𝑑 

of single machine infinite bus system is 

given by: 

𝑥  = 𝑓(𝑥. 𝑦, 𝑢) 

0 = 𝑔(𝑥. 𝑦, 𝑢) 

Writing network equations for given SMIB 

system: 
𝜋 

(𝐼𝑑  + 𝐽𝐼𝑄)𝑒𝑗(𝛿−2
)
 
𝜋 

(𝑉𝑑 + 𝐽𝑉𝑞)𝑒𝑗(𝛿−2
)  − 𝑉∞∠0 

Where = 

x= state vector; y= vector of algebraic 

variable; g= stator algebraic and network 

𝑅𝑒 + 𝐽𝑋𝑒 
𝜋 

(𝑉𝑑 + 𝐽𝑉𝑞) − 𝑉∞𝑒
−𝑗(𝛿−

2
)
 

 
 

equation 
(𝐼𝑑 + 𝐽𝐼𝑄) = 

𝑅𝑒 + 𝐽𝑋𝑒 

Let 𝑥0, 𝑦0, 𝑢0 are operating point and the 

perturbed variables are: 

𝑥 = 𝑥0 + ∆𝑥; 𝑦 = 𝑦0 + ∆𝑦; 𝑢 = 𝑢0 + ∆𝑢 

Two steps to design PSS: 

First step: 

SMIB chosen to analyze local (plant) 

mode oscillations 1 to3 hz range. Flux 

decay model linearize with 𝐸𝑓𝑑 input. 

Linearizing the differential equation: 



 

𝑑  𝑞   

[ 
𝑞   

𝑇′ 𝑑 

𝑇′ 
𝑞 

𝑞 

𝑞 

𝑑  

0 0 

0 
𝑑 

1 𝑞  ∞ 𝑑 𝑞 𝑞 

𝑑 𝑞 

 
∆𝐸′ 

1 

𝑇′ 0 0 
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Partial derivative gives 
𝑞 

[ ∆𝛿  ] = 
𝑑0 

0 0 𝑤𝑠 
𝑞 

[ ∆𝛿 ] + 
 

∆𝑉 𝑉 
0 

= ( ) ∆𝑉 𝑉 
0 

+ ( ) ∆𝑉 

∆𝑣  𝐼
0 

− 2𝐻 0 − 
𝐷 𝑤𝑠 

2𝐻 
∆𝑣 

𝑡 𝑉𝑡
 𝑑 𝑉𝑡 

𝑞 

− 
1 

𝑑0 
(𝑋𝑑 − 𝑋′ ) 0 

Now putting values f∆𝐼𝑑 𝑎𝑛𝑑 ∆𝐼𝑞 
∆𝐼𝑑 ∆𝑉𝑑 

[ 0 0 ] [∆𝐼  
[]∆𝑉+𝑞 

] 
1 1 0 1 

 
   

𝑞   1 
 

 

𝑋𝑞𝑅𝑒 𝑋𝑞(𝑅𝑒𝑉∞𝑠𝑖𝑛𝛿0 + 𝑉∞ 𝑐𝑜𝑠𝛿0(𝑋′  + 𝑋𝑒)) ∆𝐸 ′ 

𝐼0(𝑋′ − 𝑋  ) (𝑋′ − 𝑋 )𝐼  − 𝐸′ =    [ 𝑑 ] [ 𝑞] 2𝐻  𝑞 𝑑 𝑞 2𝐻 𝑑 𝑞 𝑑 2𝐻 𝑞0 ∆   −𝑋 ′ (𝑋𝑞  + 𝑋𝑒)     −𝑋 ′ (−𝑅𝑒𝑉∞𝑐𝑜𝑠𝛿0 + 𝑉∞(𝑋𝑞  + 𝑋𝑒)𝑠𝑖𝑛𝛿0) ∆𝛿 

1 
0

 

[ 
𝑑0 

] [
∆𝐸𝑓𝑑] 
∆𝑇𝑀 

0 
2𝐻 

 
 

Putting values of ∆𝐼𝑑𝑎𝑛𝑑 ∆𝐼𝑞from 

equation 

𝑑 𝑑 
0 

+ [∆𝐸′ ] 

Putting the values of ∆𝑉𝑑𝑎𝑛𝑑∆𝑉𝑞𝑖𝑛 ∆𝑉𝑡 

∆𝑉𝑡 = 𝐾5∆𝛿 + 𝐾6∆𝐸′ 

If the exciter transfer function and 

generator  transfer function between 

∆𝐸𝑓𝑑 𝑎𝑛𝑑 ∆𝑇𝑒 were pure gains, a direct 

  ′ 
1 ′ 

𝐾4 1 
 

  

feedback of ∆𝑤𝑟 would result in a 

∆𝐸𝑞 = − 
𝐾 𝑇′   

𝐸𝑞 − 
𝑇′    

∆𝛿 + 
𝑇′    

∆𝐸𝑓𝑑 damping torque component. Therefore the 
3 

∆𝛿  = 𝑤𝑠∆𝑣 
 𝐾2 

𝑑0 

 

 𝐾1  

𝑑0 𝑑0 
 
 

𝐷𝑤𝑠 

PSS transfer function shoud have 
appropriate phase compensation circuits 

for the phase lag between the exciter input 

∆𝑣  = − 2𝐻 ∆𝐸
′ − 2𝐻 ∆𝛿 − 2𝐻 ∆𝑣 and the electrical torque. 

1 
+ 

2𝐻 
∆𝑇𝑀 

Now we define the K1-K6 parameter 

constants for final values of linearized 

equation. 

Ideally with PSS transfer function bein an 

exact inverse of the exciter and generator 

phase characteristics to be compensated, 

the PSS would result in a pure damping 

tourque at all oscillating frequencies. 

1 
 

 

𝐾3 

( 𝑋𝑑 − 𝑋′ )(𝑋𝑞 + 𝑋𝑒) 
= 1 + 

∆ 
𝑉∞(𝑋𝑑 − 𝑋′ ) 

 
The PSS is represented in figure ..which 

consist of three blocks: a phase 

compensation, a signal wash out block and 𝐾  = 𝑑 [(𝑋  + 𝑋 )𝑠𝑖𝑛𝛿0 
4 ∆ 𝑞 𝑒 

− 𝑅𝑒𝑐𝑜𝑠𝛿0] 
a gain block. 

𝐾   = 
1 

[𝐼0∆ − 𝐼0(𝑋′ − 𝑋 
 

 
)(𝑋 

 
+ 𝑋 ) 

2 ∆ 𝑞 𝑞 𝑑 𝑞 
′ 

𝑞 𝑒 
0 ′ 0 

− 𝑅𝑒(𝑋𝑑 − 𝑋𝑞)𝐼𝑑 + 𝑅𝑒𝐸𝑞  ] 

𝐾   = − 
1 

[𝐼0𝑉 (𝑋 − 𝑋 ){(𝑋 + 
∆ 

𝑋𝑒)𝑠𝑖𝑛𝛿0 − 𝑅𝑒𝑐𝑜𝑠𝛿0} + 𝑉∞{(𝑋′ − 
𝑋𝑞)𝐼0 − 𝐸′ }{(𝑋′ + 𝑋 )𝑐𝑜𝑠𝛿0 + 

 
Internal Structure of CPSS 

The phase compensation block provides 

the appropriate phase-lead characteristics. 
𝑑 𝑞 𝑑 𝑒 The signal wash out block serves as a high 

𝑅𝑒𝑠𝑖𝑛𝛿0}] 
 

Now 𝑉𝑡 = √𝑉2 + 𝑉2 

 
 

𝑉2 = 𝑉2 + 𝑉2 

pass filter, with time constant high enough 

to allow signals associated with 

oscillations in wr to pass unchanged. The 

stabilizer gain determines the amount of 

damping introduced by the PSS. 

𝑡 𝑑 𝑞 

] 

1 



 

= 5 

0 + T 
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The system state matrix including PSS: 

that transfer function of the system with 

PSS. The linear state space model is given 

in the form 

𝑋  = 𝐴𝑋 + 𝛤𝑝 

 
Where 

 
 
 

A 

𝖥    − 
KD 

− 
K1 

− 
K2

 

 
 

 
0 0 0 1 

Fig 6: Excitation system with AVR and PSS 

I 2H 2H 2H I 

I 2πf 0 0 0 0 0   I Combining the AVR and PSS gives the 
K3K4 I 0 − 1 K3K4 − − 

 
  0 

K3K4I  

 

I T3 T3 

I K K6 
0 − − 

TR TR 

T3 T3   I 
1 I 

0 − 0 
TR 

solution   for   the   small   signal   stability 
problem and improves the overall system 

I   KSTABKD 
I− 
I 2H 

KSTABK1 
− 

2H 

KSTABK2 
− 0 

2H 

1 I 
0   I 

TR I 

stability during dynamics. 

I     T1a51 T1a52 T1a53 T1a55 1   I 
 

[ T2 

 
 

 
𝖥 

T2 T2 

 

 
𝛥𝜔 
𝛥𝛿 1 

T2 
2

 T2   ] 

I𝛥𝜓𝑓𝑑
I 

𝑋 = I 
𝛥𝑣   

I 
I 1  I 
I 𝛥𝑣2 I 
[ 𝛥𝑢𝑡 ] 

1 
𝖥 0 1 

I 2H I 

I 0 0 I 

I 0 
K3K4I 

Fig 7: System with AVR and PSS 

𝛤 = I 
I KSTAB 

T3  I 
I 

Conclusion and future work: 

I 0 I 
I 2H I 

I T1 KSTAB 
0 I 

[T2 2H ] 

 
𝑝 = [ 

𝛥𝑇𝑚 ] 
𝛥𝑣𝑟𝑒𝑓 

The studies has shown that the small signal 

disturbance can cause the loss of 

synchronism in the power system. Use of 

AVR is not sufficient to overcome these 

system frequencies. The development of 

the system state matrix along with the 

modelling of single machine infinite bus 

system is helpful to understand the input to 

the AVR and the new model of PSS. The 

exciter part of the synchronous machine 

plays a very important part in the stability 

during the system dynamics. 

The developed model can be utilise to 

provide the complete oscillation damping 

to a range of frequency. 

The complete system can be utilized for 

the study of multi-machine system which 

I I 



180 
 

requires the inter-area oscillation damping and the range 

of frequency along with the local mode can be controlle 

 

REFRENCES 

 
 

1. Anderson and Fouad , Power System Control and Stability- 

Galgotia Publication1,981. 

2. P.KUNDUR, Power System Stability and Control- McGraw Hill 

Inc, pp 699-781. 

3. Peter W. Sauer, M.A. Pai-Power system dynamics and stability-

Pearson Education, Inc.First Indian Reprint, 2002, pp 221-277. 

4.  P.Kundur, M.Klein, G.J.Rogers and M.S.Zywno, “Application of 

power system stabilizers for enhancement of overall system 

stability”, IEEE Trans. On power Systems, Vol. 4, No. 2, May 

1989, pp 614-626. 

5. D.C.Lee, R.E.Beaulieu and J.R.R.Service, “A power system 

stabilizer using speed and electrical power inputs – design and 

field experience”, IEEE Trans. Vol. PAS-100, No. 9, Sept. 1981, 

pp 4151-4167. 

6. F.P.De Mello, P.J. Nolan, Laskowski and J.M.Undrill, “ Co-

ordinateted application of stabilizers in multimachine power 

system”, IEEE Trans. On Power Apparatus and Systems, Vol-

3,PAS-99, 1980. 

7. Y.Zhang, G.P.Chen, O.P.Malik, G.S.Hope, “An artificial neural 

network based adaptive power system stabilizer”, IEEE 

Transactions on Energy Conversion, Vol.8, No. 1. March 1993, pp 

71-77. 

8. Md.Shah Majid, ,Hasimah Abb Rahman, Othman B.Jais,’’ Study 

of fuzzy logic power system stabilizer,’’ IEEE Conference on 

research and development Proceeding , Shah Alam, Malaysis 

2002, PP- 335-339 

9. G.Heffron and R.A. Phillips, “ Effect of modern amplifying 

voltage regulators on under excited operation of large turbine 

generators”, AIEE Trans. On Power Apparatus and Systems, 

Vol.PAS-71, Aug 692-697. 

10. E.V.Larsen and D.A. Swann, “Applying Power System Stabilizers, 

Part1,II,III”, IEEE Trans. Vol. PAS-100, June 1981, pp 3017-3046 

11. E.Z.Zhout, O.P.Malik, G.S.Hope, “Theory and Method of 

PowerSystem Stabilizer Location”. IEEE Trans. On Energy 

conversion, Vol. 6, No. 1, March 1991. 

 

 

 

 

 

 

 

 

 

 

 

 



181 
 

 

 

Renewable Energy Management: 

Solar Based Inverter Using 

CFL Load 

Disha Dubey 

Assistant Professor 

SS College of Engineering, 

Udaipur, Rajastha 

 
 
 
 

 

Abstract - In recent years, the cost of conventional 

energy is rising and renewable   energy has emerged 
to be a promising alternative. They are abundant, 

pollution free, distributed throughout the earth and 
recyclable. Solar energy is such a type which is 

extracted using PV cells. 

PV arrays consist of parallel and series combination 

of PV cells that are used to generate electrical power 

depending upon the atmospheric specifies (e.g. solar 

insolation and temperature). 
 

Keywords- Inverter, multivibrator IC 4047 

This paper presents cost effective method to 

implement single phase solar inverter. Solar cell/ PV 

cells convert solar energy into electrical energy.This 

electrical energy is in DC form which is fed to 

inverter. Inverter converts dc voltage into ac voltage. 

Here sine coded PWM push-pull inverter is used. 

Inverter topology is sine wave push pull inverter is 

selected. This topology is used to decrease the cost of 

solar inverter. In this topology only two MOSFETs 

are used. And the isolation requirement between 

control and power circuit is less. The output of 

inverter is given to step-up transformer and low-pass 

filter which will give 220V 50Hz sine wave output. 

This output is given to the load. 

 
1. Components of Solar System 

 

 

Fig.1 Block Daigram 

 

 
 

1.1 Solar cell: 

A solar cell (also called a photovoltaic cell) is an 

electrical    device    that     converts     the     energy 

of light directly into electricity by the photovoltaic 

effect. It is a form of photoelectric cell (in that its 

electrical characteristics—e.g. current, voltage, or 

resistance—vary when light is incident upon it) 

which, when exposed to light, can generate and 

support an electric current without being attached to 

any external voltage source. 

file:///C:/wiki/Photovoltaic_effect
file:///C:/wiki/Photovoltaic_effect


182 
 

 

Assemblies of photovoltaic cells are   used   to 

make solar modules which generate electrical power 

from sunlight. Multiple cells in an integrated group, 

all oriented in   one plane, constitute a solar 

photovoltaic     panel 

 

 

 
 

1.2 INVERTER CIRCUIT USING ICCD4047 
Inverter Circuit using 4047 is a simple 100 watt 

inverter using IC CD4047 and MOSFET.The 
circuit is simple low cost and can be even assembled 

on a veroboard. 
CD 4047 is alow power CMOS astable / monostable 

multivibrator IC. Here it is wired as an 

astablemultivibrator producing two pulse trains of 

0.01s which are 180 degree out of phase at the pins 

10 and 11 of the IC. Pin 10 is connected to the gate of 

Q1 and pin 11 is connected to the gate of Q2. 

Resistors R3 and R4 prevents the loading of the IC 

by therespective MOSFETs. When pin 10 is high 

then Q1 conducts and current flows through the 

upper half of the transformer primary which accounts 

for the positive half of theoutput AC voltage. When 

pin 11 is high then Q2 conducts and current flows 

through the lower half of the transformer primary in 

opposite direction and it accounts for the negative 

half of the output AC voltage. 

 

 

 

Fig 2: Inverter circuit using 4047 

 

 

 

Pin Description Of IC 4047 

 
The HEF4047B consists of a gatable astable 

multivibrator with logic techniques 

incorporated to permit positive or negative 

edge-triggered monostable multivibrator 

action with retriggering and external counting 

options. 

 

 

 

 

 

Fig.3 Pin Connection of IC4047 

 

 
 

Power Consumption 

 
In the standby mode (monostable or astable), 

power dissipation will be a function of leakage 

current in the circuit. For dynamic operation, the 

power needed to charge the external timing 

capacitor Ct is given by the following formulae: 

Astable mode 

: 
 

file:///C:/wiki/Solar_module
file:///C:/wiki/Sunlight
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Monostable mode: 
 

Because the power dissipation does not depend on 

Rt, a design for minimum power dissipation would 

be a small value of Ct. The value of R would 

depend on the desired period (within the limitations 

discussed previously 

 

 

OUTPUT WAVEFORM 
 
 

 

1.3 MOSFET: 

A power MOSFET is a specific type of metal oxide 

semiconductor field-effect transistor (MOSFET) 

designed to handle significant power levels. 

Compared to the other power semiconductor devices, 

for example insulated-gate bipolar transistor 

(IGBT), Thyristor, main   advantages   are 

high commutation speed and good efficiency at low 

voltages. It shares with the IGBT an isolated gate that 

makes it easy to drive. 

The power MOSFET is the most widely used low- 

voltage (that is, less than 200 V) switch. 

 

1.4 TRANSFORMER : 

Principle of Transformers : 

A transformer is a device that changes and alternating 

potential difference from one value to another value 

be it smaller or greater using the principle of 

electromagnetic induction.A transformer consists of a 

soft iron coil with two coils wound around it which 

are not connected to one another. These coils can be 

wound either on separate limbs of the iron core or be 

arranged on top of each other. 

The coil to which the alternating voltage is 

supplied is called the primary coil or 

primary winding. When an alternating 

potential difference is supplied the resulting 

alternating current in the primary coil 
produces a changing magnetic field around it. This 

changing field induces an alternating current in the 

secondary coil. The size of the induced voltage 

resulting from the induced current in the secondary 

coil depends on the number of turns in the secondary 

coil. 

The relationship between the voltage and the number 

of turns in each coil is given by: 
 

 

 

Fig9 :transformer 

Step-up Transformer: 

On a step-up transformer there are more turns on the 

secondary coil than the primary coil. The induced 

http://en.wikipedia.org/wiki/MOSFET
http://en.wikipedia.org/wiki/Power_semiconductor_device
http://en.wikipedia.org/wiki/IGBT
http://en.wikipedia.org/wiki/Thyristor
http://en.wikipedia.org/wiki/Switch#Electronic_switches
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voltage across the secondary coil is greater than the 

applied voltage across the primary coil or in other 

words the voltage has been “stepped-up”. 

Transformers are very efficient. If it is assumed that a 

transformer is 100% efficient (and this is a safe 

assumption as transformers may be up to 99% 

efficient) then the power in the primary coil has to be 

equal to the power in the secondary coil, as per the 

law of conservation of energy. 

 
Power in primary coil = Power in secondary coil 

Remember, power = potential difference x current 

 

 

 

 

Thus, 

Primary     coil     p.d.     x     primary     coil 

current = Secondary coil p.d. x secondary coil 

current VP x IP = VS x IS 

So if the potential difference is stepped up by a 

transformer then the current is stepped down by 

roughly the same ratio. In the case of the potential 

being stepped down by the transformer then the 

current is stepped up by the same ratio. 

 

1.5 CFL LOAD: 

A compact     fluorescent     lamp (CFL),     also 

called compact fluorescent light, energy-saving light, 

and compact fluorescent tube, is a fluorescent 

lampdesigned to replace an incandescent lamp; some 

types fit into light fixtures formerly used for 

incandescent lamps. The lamps use a tube which is 

curved or folded to fit into the space of an 

incandescent bulb, and a compact electronic ballast in 

the base of the lamp. 

2 Future Scope Of Solar Energy 

Future development: 

•AC modules (Micro-inverters). 

• Innovative topologies (e.g. multiple inverters in 

parallel) to get more power, more reliability and more 

efficiency. 

• Transformer-less design to improve cost, weight, 

and efficiency. Regulation has to change in many 

countries to allow the transformer-less design. 

• Development of Highly Accelerated Life Testing 

(HALT) and Highly Accelerated Stress Screening 

would help improve inverter quality and 

reliability. 

• Use of new components (e.g. film capacitors instead 

of electrolytic capacitors) to prolong the life. 

•Reducing the component count to lower the cost and 

enhance the reliability. 

• Hybrid PV systems with energy storage options 

(Compressed air or pumped hydro). 

• Micro grids for better grid quality and reliability. 

 
 

Challenges: 

• Thermal Management. 

•Robust performance (right wake up voltage 

calculation, riding through grid disturbances, finding 

the global maximum power point on a shaded or dirty 

PV panels). 

•Achieving the targeted inverter price of $0.25-$0.3 

per W by 2020. 

•Achieving an inverter life time > 15 years. 

 
 

I Conclusion 

The proposed solar based inverter using half bridge 

configuration fed the CFL load using the DC source 

was developed and validate with hardware. The 

fundamental switching is done using 

astable/monostable multivibrator IC .The output of 

http://en.wikipedia.org/wiki/Fluorescent_lamp
http://en.wikipedia.org/wiki/Fluorescent_lamp
http://en.wikipedia.org/wiki/Incandescent_light_bulb
http://en.wikipedia.org/wiki/Light_fixture
http://en.wikipedia.org/wiki/Electronic_ballast
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inverter is fed to transformer and desired voltage 

level is achieved to fed the load. 
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Abstract - This paper describes the modelling of a nonlinear 

conical tank system and the closed loop PID controller based on 

the two point method and robust Controller with real time 

experimentation results. The implementation part was done with 

the MATLAB-Simulink environment. Also the controller 

responses were analysed for the various region of the conical tank 

individual with servo and regulatory signal. The experimentation 

results were found satisfactory. 

 

Index Terms - List key index terms here. No mare than 5. 

 

I. INTRODUCTION 

A basic need in all the process industries is to control the 

liquid level or the flow in process tank. Conical tanks are 

extensively used in process industries such as petrochemical 

industries, food process industries, fermentor process and 

wastewater treatment industries. Control of conical tank is a 

challenging problem because of its constructional non-linearity 

i.e., constant variation in area of cross section. Hence for these 

reasons the conical tank is taken here for the level control 

purpose. This paper described several processes such as 

mathematical modelling, conventional controller design, 

robust controller design and real time experimentation. 

 

II. EXPERIMENTAL METHOD 

The physical real time system consists of a conical tank, a 

water reservoir, an electrical pump, a rotameter, a differential 

pressure transmitter, an electro pneumatic converter (I/P 

converter), two control valves, an interfacing DAC card and a 

Personal Computer (PC). The differential pressure transmitter 

output is interfaced with Computer using DAC card in the RS- 

232 port of the PC. Fig.1 shows the real time setup of conical 

tank system. 

One valve is to control the output flow which should be 

maintained constant during the process so that the tank does 

not get overflow with maximum flow in (340LPH) and does 

not be empty with the lowest flow in (180LPH). The input 

flow can be controlled by the valve or by the SCR powered 

motor, in this process it is controlled by the SCR powered 

motor. The input voltage of the pump is controlled by the SCR 

 

 
 

circuit which is operated by the PID controller helps to feed 

the inflow to the conical tank and the level height in the 

conical tank is the output of this process which is measured 

with a 4-20mA by the pressure transmitter. 

 

Fig. 1. Real time experimental setup of conical tank system with interfacing 

DAQ card. 

 

III. SYSTEM IDENTIFICATION 

In order to control any system, all important parameters of 

that system have to be identified and that’s called system 

parameter identification method. Conical tank system has three 

important parameters which are time constant (T), time delay 

(θ) and gain of the system (Km). From the graph of the open 

loop response of a conical tank system these parameters can be 
 

Region Input 

(V) 

Input 

flow 
rate 

Output 

height 
(cm) 

t1 

(sec) 

t2 

(sec) 

T 

(sec) 

θ 

(sec) 

Km 

(0-7) 2.3 210 6.584 6.7 30.43 35.6 5.1 32.92 

(7-14) 2.55 270 13.87 15.8 60.39 66.82 6.43 29.28 

8 

(14- 

21) 

2.9 300 21.25 27 87.2 89.51 8.31 21.08 

6 

(21- 

30) 

3.25 340 30.17 58.89 156.3 146.1 10.19 17.84 

identified using two point methods. Since the conical tank is a 

non-linear one. These parameters vary in each region. The 

transfer function of each region can be identified by these 

three parameters by using Eq.(1) : 
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G(s)  
  K

m     es 
Ts  1 

 
(1) 

 

 
TABLE.1. CONICAL TANK SYSTEM PARAMETER IDENTIFICATION 

RESULTS 
 

Proportional gain(Kp), Integral gain (Ki) and Derivative 

gain(Kd) for the PID controller for all four regions by using the 

four different methods are showing in Table.3. 

 

TABLE.III. PID CONTROLLER METHOD FOR ALL REGIONS 
 

35 

 
 

30 
 
 

25 
 

 

20 
 

 

15 

 
 

10 
 

 

5 

 
 

0 
0 2 4 6 8 10 12 14 

Time(sec) 

Fig.2. open loop response of conical tank system 

4 

x 10 

 

t1= the time when the final value of the region reach 28.3% 

t2= the time when the final value of the region reach 63.2% 

Time Constant, T  1.5(t2  t1 ) (2) 

Time Delay,   t2  T (3)  

Process Gain, 
OutputHeight(cm) 

K
m InputVoltage(V ) 

(4)  

 
 

 

 
IV. CONTROLLER DESIGN 

 

There are two controller design methods are described 

under this section namely conventional PID control and robust 

controller. 

 

1. PID Controller Design 

 

The PID controller is the most common controller used in 

industrial loops because of its simplicity and robustness. It has 

three parameters namely Proportional gain (Kp), Integral gain 

(Ki) and Derivative gain (Kd). These gains can also be 

calculated directly from the system parameters. There are so 

many different methods have given in the survey to calculate 

these gains and Table. 2 show four different methods of tuning 

PID parameters. 

TABLE.II. PID CONTROLLER TUNING 

 

Method Kp Ti=1/Ki Td=Kd 

Zieglor-Nicholos 2T/Km*d 2*d 0.5*d 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Note: the delay in region (3) is less than the delay in region (2), 

where the delay must increase in higher region, so the delay in 

region (3) is calculated by taken the average of delay in region 

(2) and (4). 

X: 1.245e+005 

Y: 30.17 

x-Axes scal 7728=50sec 

X: 2.437e+004 

Y: 6.584 

X: 5.179e+004 

Y: 13.87 

X: 7.923e+004 

Y: 21.25 

L
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k
 (

c
m

)
 

Astrom and 
Haggled 

0.94*T/Km*d 2*d 0.5*d 

Parr 1.25*T/Km*d 2.5*d 0.04*d 

Servo-min. IAE- 
Smith and Corripio 

T/2*Km*d T 0.5*d 

 

Method Kp Ti= 

1/Ki 

Td= 

Kd 

Region1 (0-7) 

Zieglor-Nicholos 0.4241 10.2 2.55 

Astrom and Hagglund 0.1993 10.2 2.55 

Parr 0.2651 12.75 2.04 

Servo-min. IAE-Smith and 
Corripio 

0.1060 35.6 2.55 

Region2 (7-14) 

Zieglor-Nicholos 0.7096 12.8 

6 

3.21 

5 

Astrom and Hagglund 0.3335 12.8 
6 

3.21 
5 

Parr 0.4435 16.0 
75 

2.57 

Servo-min. IAE-Smith and 
Corripio 

0.1774 66.8 
2 

3.21 
5 

Region3 (14-21) 

Zieglor-Nicholos 1.0217 16.6 
2 

4.16 

Astrom and Hagglund 0.48 16.6 
2 

4.16 

Parr 0.64 20.7 

8 

3.32 

Servo-min. IAE-Smith and 
Corripio 

0.26 89.5 4.16 

Region4 (21-30) 

Zieglor-Nicholos 1.6074 20.3 
8 

5.1 

Astrom and Hagglund 0.7555 20.3 
8 

5.1 

Parr 1.0046 25.4 
8 

4.08 

Servo-min. IAE-Smith and 
Corripio 

0.4018 146. 
1 

5.1 
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2. Robust Controller 

 

Robust controller design will work for a family of plants. 

Also robust controller itself has different methods to design a 

controller for a stable system. In this paper Co-prime 

Factorization method is used because of its simplicity to design 

proper controller from the transfer function by using this method. 

 
 

First, the transfer functions of all regions have to be 

approximated without time delay using PADE approximation. 

In Table.4 all the approximated transfer functions are listed for 

all the regions. 

 
TABLE.IV.APPROAXIMATED TRANSFER FUNCTION OF ALL 

 

By long division (N/M), solutions are 

 

q  (2.2813s  1.4532) 

 

Remainder: r  13.5492 

So N  qM  r 

 
N  qM  r 

1 
N  

 q  
M  1 

r  r 

1 q 
REGIONS OF THE CONICAL TAN SYSTEM 

So, X  and Y 
r r 
X 1 1 

Then, C    
Y q 2.2813s  1.4532 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
This method depends on equations (5-7): 

 
The Same steps are done for the other regions and the 

solutions are given in Table.5 for all other regions. 

 
TABLE.5. ROBUST CONTRILLERS 

 

Region Controller C(s) 

(0-7) 
C 

 1  

1.0817s  0.2375 

(7-14) C  
1

 
2.2813s  1.4532 

(14-21) C  
1
 

8.1895s  3.2708 

(21-20) C  
1

 
8.1895s  1.1728 

 
Transfer function G(s)  

M
 

N 

 
(5)  

 

 
V. RESULTS AND DISCUSSIONS 

N must be higher order. 

 
 

Condition  NX  MY  1 

Controller  C  
X

 
Y 

 

 
 

(6)  

 

 

 

 

 
(7)  

 

1. PID controller results 

 

The Ziegler-Nichols method is used to design PID 

controller for each region in conical tank system. The controller 

of each region is applied in real time to control the liquid level 

at the given set point in conical tank level within the range of 

the respective region and check if it is working properly in 
So controller can be found by following calculation for 10 

region 2: 9 

N  66.82s2  21.78s  0.311 

6 

M  29.28  9.11 
5

 

3 

2 

1 

0 
0 1 2 3 4 5 6 7 8 

Kp=0.54; Ki=35.6; Kd=0.5 
Time(Sec) 4 

x 10 

X-Axis scale: 7728 = 50Sec 

  Setpoint 

Level in Conical Tank 

8 

7 

Region 
(in cm) 

Transfer Function 
G(s) 

Estimated Transfer 
Function 

 
(0-7) G(s)    

32.92   
e5.1s 

35.6s  1 

 

G(s)   
32.91s  12.91 

35.6s2  21.6s  0.3922 

 
(7-14) 

G(s)  
29.288 

e
6.42 s 

G(s)  
29.29s  9.11 

 66.82s  1 66.82s2  21.78s  0.311 

 
(14-21) 

G(s) 
 21.086 

e
9.31s 

89.51s  1 

 

G(s) 
  21.09s  5.777  

89.51s2  25.51s  0.274 

 
(21-30) G(s)  

17.84    
e10.19 s 

G(s)  
17.84s  3.501 

 146.1s  1 146.1s2  29.68s  0.1963 
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X-Axis Scale: 7728=50 Sec 
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other various regions. Figures (3-6) show the close loop 

response of conical tank system for all regions. 

 

Fig.3. Closed loop response of conical tank (0-7cm) 

 

the saturation block in the Simulink upper limit=85 and lower 

limit=40 to limit the actuator saturations. 

 
 

close loop response of conical tank 
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Fig.4.Closed loop response of conical tank (7-14cm) 
 
 

 

 
Closed loop response for conical tank system - Region-3 (14-21) 
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Fig.7. Robust closed loop response of conical tank foe entire 

range 
 

3. Discussion of results 

 

The graph of closed loop response of conical tank system 

for region1 (0-7) shows that the controller cannot work 

properly outside the region range, this is also noticed with 

region.4 (21-30). So the PID controllers is working properly 

within the region for which the controller is tuned and giving 

poor performers in the other regions. On other hand, robust 

controller can work with the better performance in all regions 
Time(Sec) 

 

 
Closed loop system response for conical tank system -Region-4 (21-30) 

35 

 
 

 
30 

4 

x 10 and gives satisfactory response for the entire region of the 

conical tank system. 

 

VI. CONCLUSION 
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Several steps have been described to identify the 

mathematical model of the conical tank system namely time 

constant (T), time delay (θ) and gain of the system (Km). 

Designing conventional and robust controller has also 

described in this paper PID and Robust controller. In PID 

controller Zieglor-Nicholos tuning method was chosen to get 

PID elements: Proportional gain, Integral gain and Derivative 

gain and its results were showing in Figure.3. The Robust 

Fig.5. Closed loop response of conical tank (14-21cm) 

Fg.6. Closed loop response of conical tank (21-28cm) 

 
 

2. Robust controller results: 

 

The following results is for the robust controller that is 

calculated from region2 (7-14) with following constrains with 

controller designed by Co-prime Factorization method for 

region2 (7-14) has resulted with the better result compared 

with PID for all the regions. 

 

ACKNOWLEDGEMENT 

 

The authors would like to thank MIT, Manipal University, 

Manipal for the grant towards the real time conical tank system 

under the wide circular MIT/AD-R&C/Post-Doc/2012 dated 

X-Axis scale: 7728 = 50Sec 

  Set point 

Level in Conical Tank 

  Setpoint 

  Level in conical tank 

X-Axis scale: 7728=50Sec 

  Set Point 

Process variable 

x-axes scal 7728=50sec 

Kp=4.09; Ki=1/146.1; Kd=0.5 

Kp=2.12; Ki=1/89.51; Kd=0.5 

Kp=1.14; Ki=1/66.82; Kd=0.5 

Le
ve

l i
n 

C
on

ic
al

 T
an

k 

P
ro

c
e

s
s
 v

a
ri
a

b
le

 



190 
 

 

 

 

5th Jan. 2013 and for providing other infrastructural facilities 

for carrying out this work. 

 

 

 

 

 

 

 
REFERENCES 

 

[1] P.Aravindan, M.Valluvan and S.Ranganathan “Modeling and 

Simulation of Non Linear Tank” International Journal of 

Advanced Research in Electrical, Electronics and 

InstrumentationEngineering Vol. 2, Issue 2, February 2013.P. 

No:842-849. 

[2] A O'Dwyer, “PI and PIDcontroller tuning rules for time delay 

processes: a summary. Part 2: PID controller tuning rules”, 

Dublin Institute of Technology, School of Electrical 

Engineering Systems, Proceedings of the Irish Signals and 

Systems Conference, pp. 339-346, National University of 

Ireland, Galway, June, 1999. 

[3] G.Sakthivel, T.S.Anandi and S.P.Natarajan “Modeling and Real 

Time Implementation ofDigital Pi Controller for a Non Linear 

Process”, Journal of Innovative Research in Engineering and 

Sciences 2(5), September, 2011. ISSN: 2141-8225. P. No: 274- 

290. 
 
 

1 – IAESTE Intern student of Dept. of Mechatronics Engineering, 

Sultan Qaboos University, Oman 

2– PG Student, MIT, Manipal 

3–JRF, MIT, Manipal 

4* –Associate Professor, Dept. of Instrumentation and Control 

Engineering, MIT, Manipal University, India 

Corresponding authors mail: it.arasu@manipal.edu , Ph: +91-820- 

2925152 Fax: +91-820-2571071 

mailto:it.arasu@manipal.edu


191 
 

 

In industry, the applications of Rapid prototype 

manufacturing technologies 

Dinker Narayan 

Assistant Professor 

SS College of Engineering, 

Udaipur, Rajasthan 
fixture. From the early 60s of 20th century, the United 

Abstract:-The rapid prototyping and manufacturing 

technology (RPM), is an integration of many 

different disciplines. The development process of 

rapid prototyping technology based on industrial 

robot is viewed. RPM is capable of forming parts 

with complicated structures and non-homogeneous 

materials also. In comparison rapid prototype 

system based on industrial robot with NC tool 

machine and RP processed equipments. The most 

notable advantage is the integration of production 

planning and testing within the product development 

period for the required physical, mechanical and 

geometrical properties. 

 
Keywords: rapid prototype manufacturing and industrial 

robots. 

 
I. INTRODUCTION 

 

Rapid prototyping technology is an advanced forming 

technology developed in the 80s of 20th century; it can 

obtain quickly the prototype of mechanical parts 

through high-tech integration of computer, numerical 

control, laser, and material etc. Rapid prototyping 

technology is of increasing importance in the course of 

new product development, it has a direct impact on new 

product development cycles and development costs [1]. 

At present, rapid prototyping technology has two kinds 

of ways of material accumulating and material 

removing. Material accumulating is a way of creating 

prototyping that it adds material in the sequence. 

Typically it was represented by SLA, SLS, LOM, FDM, 

etc. They can produce quickly and directly any complex 

shape from CAD models without tools or die .But there 

are some questions such as type of material is limited, 

producing parts is small size, surface quality is poor and 

low-precision, etc. Material removing is a method of 

manufacturing prototype by separation of the matrix 

part of the material. Typically it be represented by 

turning, milling, wire cutting, EDM and other CNC 

machining [2] .they have some virtues such as many 

kinds of optional materials, producing parts is large size, 

surface quality is good and high-precision, etc. However 

it lies in some problems that structure of parts directly 

manufacturing is limited, and it maybe need aided 

States successfully developed two kinds of industrial 

robots, and they have been applied in industrial 

production. In particular, in the 70s of 20th century, 

industrial robots began the application in the automobile 

industry and other manufacturing industries had also 

increased .But most of them for simple duplication of a 

heavy workload, such as the upper and lower material, 

transportation, etc. as well as the poor working 

environment, such as painting, welding, cleaning up 

sand and nuclear waste etc [3] .Industrial robots for 

rapid prototyping manufacturing is still the 90 years of 

20th century. Due to industrial devices have some 

versatility and adaptability, it was able to adapt to many 

varieties, small batch production, and many varieties, 

small batch production are characterized by rapid 

prototyping techniques and applications. This led 

directly to the industrial robot applied in rapid 

prototyping technology. 

 
II. PRINCIPLES OF RAPID PROTOTYPING TECHNOLOGY 

 
Rapid prototyping technology uses computer-aided 

design, or uses reverse engineering to obtain a 

combination of information of physical prototypes and 

parts related geometry shape, structure and materials, 

and then establish mathematical description of the 

prototype, in order to obtain concept of the objective 

prototype ,we can input these information to the 

computer-controlled electromechanical integrated 

manufacturing system , and make a prototype in 

appearance, strength and performance to meet the 

requirements of design through materials forming of 

point by point and surface .It can create quickly and 

accurately a prototype or the actual parts .As shown in 

Figure l, it is Principles of Manufacturing Technology. 
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Figure 1. Principles of Manufacturing Technology 
 

III. RAPID PROTOTYPING TECHNOLOGY BASED ON 
INDUSTRIAL ROBOT 

A. APPLICATION IN RAPID PROTOTYPING TECHNOLOGY 

 
For the past decade, the researchers have developed a 

variety of rapid prototyping robotic systems in order to 

shorten time of product development and improve the 

device's functionality, environmental harmony and 

product quality, A sculpturing robot system was 

proposed by vikas et al. [4]. This system consisted of an 

industrial robot and a turntable, which performed RP 

based on milling a foam stock in a fully automatic way. 

The system generated an interference-free tool path 

based on a six-grid voxel data structure .the size of 

Prototype is 90*90*90cm, precision was generally 

0.75mm- 2.5mm, it took a few hours. To developed a 

robot system for the rapid prototyping of large work- 

piece [5], the system has seven degrees of freedom, 

work space is 4.5m * 2.5m * 2.5m, and can create large- 

size parts such as ship model. In 2003, a flexible rapid 

prototype manufacturing systems based on dual 

industrial robot has been developed by rajkumar et al 

[6], the system overcome problem of the workspace that 

a single robot can’t reach, and it can process in singular 

point location. Also they have compared the single robot 

systems and dual-robot systems. as an example, China 

Tower of wood was processed as shown in Figure 2. 

Single robot systems need 76 minutes, precision error is 

+0.15mm.However the dual-robot systems need 30 

minutes, precision error is +0.03mm. They are forming 

material removal. 

Figure 2. China Tower and processing 
 

(B) THE COMPOSITION OF TILE PROTOTYPE SYSTEM 

 

Rapid prototyping systems based on industrial robot in 

general is constituted by the computer, robotics, control 

cabinet, table and processing tools, as shown in Figure 

3. 

 
 

Figure 3: Rapid prototyping systems based on industrial 

robot 

 
All of research results previously mentioned were that 

the system generate CAM track, in line with the 

characteristics of multi-axis machining based on the 

CAD model of parts, whether it was the accumulation of 

material or removal of material .As well as they can 

transform CAM machining path into robotic machining 

path through self-developed software for data 

transformation, The focus is how to generate efficient 

tool path, and improve their accuracy to overcome the 

deficiencies inherent in rapid prototyping system. 
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(C) ADVANTAGES AND DISADVANTAGES OF RAPID 

PROTOTYPING SYSTEM BASED ON INDUSTRIAL ROBOT 

 

Rapid prototyping system based on industrial robots has 

its own advantages, compared with RP processing 

equipment and NC machine tools. 

1) it has flexible arm in kinematics, and more freedom 

than the average three-axis machine tools, five-axis 

machine tools. Theoretically it be able to machine parts 

of arbitrary shape. 

2 ) Compared with the NC machine tools, the robot 

system can save the space of 45% for the same work 

area, and has advantage in price. 

3) Many existing common materials (such as wax, 

wood, foam and other lightweight materials) can be 

used for processing, and processing of these materials 

will not cause only can machine certain materials. 

 

And robot system has some shortcomings in structure: 

1) The positioning accuracy of robot system is poor (± 

0.05mm to ± O.l0mm). But for the prototype process, its 

accuracy is still highly competitive, because its accuracy 

is between (±O.1 to ±O.2mm) for the rapid prototyping 

system, clearly forming accuracy of the rapid 

prototyping system based on industrial robots is 

between NC machine tools and RP specialized 

equipment. The robot system has the potential for 

machining prototype parts and suitable for complex 

geometry parts using some materials; 

2) Its stiffness is not enough, because industrial robots 

are the series of multi-joint mechanical system, and then 

it lead to that grasping force of the end is not large 

enough. Because of these weaknesses, it makes rapid 

prototype system based on robotics to have selective for 

material, in comparison with CNC machine tools. So it 

only can machine light material, such as wood, foam, 

plastic, wax, clay, aluminum and so on. But for RP 

processing equipment, it has many materials to be 

selected. 
 

IV. TREND OF RAPID PROTOTYPING TECHNOLOGY 

BASED ON INDUSTRIAL ROBOT 

 
Rapid prototyping technology is a leap forward in 

advanced manufacturing, it presented a new mode of 

thinking from the principle of forming, and created a 

new opportunity for the development of manufacturing 

technology. With development of the rapid prototyping 

technology, people committed in improving the 

accuracy and reliability of prototype, it is also 

constantly exploring new methods of molding process 

and new molding materials. Rapid prototyping 

technology based on industrial robots is a very complex 

task, it is necessary to consider the part of the complex 

shapes, but also take into account different properties of 

the materials, along with the choice of cutting tools. The 

main issues are accuracy of the prototype, limited the 

types of materials and mechanical properties. With rapid 

development of the rapid prototyping technology and 

robotic technology, industrial robots will also be applied 

more and more extensively in the area of rapid 

prototyping, but also it will affect the rapid prototyping 

technology. 
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