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Message from Associate Editor In Chief  

Let me first of all take this opportunity to wish all our readers a very happy, peaceful and 

prosperous year ahead. 

This is the Third Issue of the Forth Volume of International Journal of Engineering Research and 

General Science. A total of 123 research articles are published and I sincerely hope that each one 

of these provides some significant stimulation to a reasonable segment of our community of 

readers.  

In this issue, we have focused mainly on the innovative solutions for ongoing challenges. We also welcome more research 

oriented ideas in our upcoming Issues. 

Authorôs response for this issue was really inspiring for us. We received many papers from many countries in this issue 

but our technical team and editor members accepted very less number of research papers for the publication. We have 

provided editors feedback for every rejected as well as accepted paper so that authors can work out in the weakness more 

and we shall accept the paper in near future. We apologize for the inconvenient caused for rejected Authors but I hope our 

editorôs feedback helps you discover more horizons for your research work.  

I would like to take this opportunity to thank each and every writer for their contribution and would like to thank entire 

International Journal of Engineering Research and General Science (IJERGS) technical team and editor member for their 

hard work for the development of research in the world through IJERGS. 

Last, but not the least my special thanks and gratitude needs to go to all our fellow friends and supporters. Your help is 

greatly appreciated. I hope our reader will find our papers educational and entertaining as well. Our team have done good 

job however, this issue may possibly have some drawbacks, and therefore, constructive suggestions for further 

improvement shall be warmly welcomed. 
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Estimation of Potential Capacities for development and energy 

consumption scenario for fiscal progress 
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Abstractð Energy framework incorporates renewable, atomic, and fossil vitality sources as well as electrical, warm, and fuel. 

Renewable sources at present supply some place between 15 percent and 20 percent of world's aggregate energy request. Renewable 

energy assets exist over wide land regions. India has an unfathomable supply of renewable vitality assets, and it has one of the biggest 

projects on the planet for sending renewable vitality items and frameworks. This review paper manages the review of renewable vitality 

and its commitment in different parts of the India taking into account MNRE reports which demonstrates that the force division in India 

is profoundly various with changed business hotspots for force era like coal, regular gas, hydro, oil and atomic and also whimsical 

wellsprings of vitality like sun oriented, wind, bio-gas and horticulture. It is concentrated on that, India's aggregate introduced limit of 

power era has extended from 105,045.96 MW toward the end of 2001ï02 to 1, 57,229.48 MW toward the end of February, 2010. 

Actually, India positions 6th all around regarding absolute power era. The interest for force has been developing at a quick rate and 

overwhelmed the supply, prompting power deficiencies despite complex development in force era.  

 

Keywordsð Renewable Energy, Bio-sources, PV Technology, Solar energy, Climatic change, Clean Energy Technologies, Energy 

Forecasts 

 

 

1. INTRODUCTION -  
The capability of renewable vitality sources is colossal as it can, on a basic level, meet ordinarily the world's vitality request. 

Renewable energy sources, for example, biomass, wind, sunlight based, hydropower, and geothermal can give maintainable vitality 

administrations, in view of the utilization of routinely accessible, indigenous assets. The improvement and utilization of renewable 

sources can upgrade differences in vitality supply markets, contributing long haul maintainable energy supplies, and therefore helping 

in lessening nearby and worldwide climatic outflows, and give industrially alluring alternatives to meet particular vitality benefit 

needs. Renewable vitality is by and large characterized as vitality that originates from assets which are actually recharged on a human 

timescale, for example, daylight, wind, downpour, tides, waves, geothermal warmth. Renewable vitality replaces routine powers in 

four unmistakable ranges: power era, air and water warming and cooling, engine energizes, and rustic (off-lattice) vitality 

administrations. 

 

2. GLOBAL MARKET OVERVIEW -  
The supply is dominated by traditional biomass, mostly fuel wood used for cooking and heating, especially in developing countries in 

Africa, Asia and Latin America. A major contribution is also obtained from the use of large hydropower; with nearly 20 percent of the 

global electricity supply being provided by this source. New renewable energy sources (solar energy, wind energy, modern bio-

energy, geothermal energy, and small hydropower) are currently contributing about two percent. Based on REN21's 2014 report [1]. 

Renewable contributed 19 percent to our global energy consumption and 22 percent to our electricity generation in 2012 and 2013, 

respectively. This energy consumption is divided as 9% coming from traditional biomass, 4.2% as heat energy (non-biomass), 3.8% 

hydroelectricity and 2% is electricity from wind, solar, geothermal, and biomass. In contrast to other energy sources, which are 

concentrated in a limited number of countries? Rapid deployment of renewable energy and energy efficiency is resulting in 

significant energy security, climate change mitigation, and economic benefits. In international public opinion surveys there is strong 

support for promoting renewable sources such as solar power and wind power.  At the national level, at least 30 nations around the 

world already have renewable energy contributing more than 20 percent of energy supply. National renewable energy markets are 

projected to continue to grow strongly in the coming decade and beyond. 
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The technologies featured here will make our families healthier, more secure, and 

more prosperous by improving our air quality, reducing our reliance on fossil fuels, 

curbing global warming, adding good jobs to the economy and -when they're properly 

sited protecting environmental values such as habitat and water quality. Working 

together, policymakers, communities, businesses, investors, utilities, and farmers can 

help build a sustainable future  Conventional energy sources based on oil, coal, and 

natural gas have proven to be highly effective drivers of economic progress, but at the 

same time damaging to the environment and to human health. Furthermore, they tend 

to be cyclical in nature, due to the effects of oligopoly in production and distribution.  

Approximately 20% of electricity produced globally in 2009 came from renewable 

sources. Out of this, hydro-power accounted for about 16%.  In 2012, 9% of the 

energy consumed in the USA came from 

renewable sources. This means the USA 

depends a lot on non-renewable sources. 30% of 

the energy from renewable sources came from 

hydropower, whiles biomass, bio fuels and wood, together accounted for about 49%. ðSource: 

USEIA, Monthly Energy Review, April 2013. 

 

3. INDIA AND RENEWABLE ENERGY -  
India is a country of agriculture. India has a vast supply of renewable energy resources, and it 

has one of the largest programs in the world for deploying renewable energy products and 

systems. Sources of renewable energy available in India: We know where the nonrenewable 

energies ï coal, oil and gas ï are located and how these fuels are transported, combusted, and 

the power transmitted throughout the country over the power grid. Now, letôs look at the 

renewable energies ï hydro, solar, wind and biomass ï and see where they are found. 

Considered an emerging economy," increasing GDP is driving the demand for additional 

electrical energy, as well as transportation fuels. India is a nation of extremes. Poverty remains 

in areas with no energy services, while wealth grows in the new business hubs. Coal fired 

generation currently provides two thirds of the generation capacity, and hydropower supplies 

the other third. India is blessed with vast resources of renewable energy in solar, wind, biomass and small hydro. In fact, the technical 

potential  

of these renewable exceeds the present installed generation capacity. Energy exists freely in nature. Some of them exist infinitely  

 (never run out, called renewable), the rest have finite amounts (they took millions of years to form, and will run out one day, 

called non-renewable). There are many forms of renewable energy.  

Most of these renewable energies depend in one way or another on sunlight. Wind and hydroelectric power are the direct result of 

differential heating of the Earth's surface which leads to air moving about (wind) and precipitation forming as the air is lifted. Solar 

energy is the direct conversion of sunlight using panels or collectors. Biomass energy is stored sunlight contained in plants. Other 

renewable energies that do not depend on sunlight are geothermal energy, which is a result of radioactive decay in the crust combined 

with the original heat of accreting the Earth, and tidal energy, which is a conversion of gravitational energy. 

 

4- HYDRO POWER-  
Hydropower is the largest renewable resource used for electricity. It plays an essential role in many regions of the world with more 

than 150 countries generating hydroelectric power. This form uses the gravitational potential of elevated water that was lifted from the 

oceans by sunlight. It is not strictly speaking renewable since all reservoirs eventually fill up and require very expensive excavation to 

become useful again. At this time, most of the available locations for hydroelectric dams are already used in the developed world. 

Moving water has kinetic energy. This can be transferred into useful energy in different ways. Hydroelectric power (HEP) schemes 

store water high up in dams. The water has gravitational potential energy which is released when it falls. The hydroelectric power 

refers to the energy produced from water (rainfall flowing into rivers, etc). Consequently, rainfall can be a good indicator to investors 

looking for a location to implement or build a new hydroelectric power plant in India. It is, in fact, the case, if we compare the map of 

Annual Rainfall and the ñEnergy Map of Indiaò on page 6, that hydropower plants are situated in regions of the major rainfall. The 

dominant annual rainfall is located on the north/eastern part of India: Arunachal Pradesh, Assam, Nagaland, Manipur and Mizoram, 

and also on the west coast between Mumbai (Bombay) and Mahe. India utilizes twelve primary hydroelectric power plants: Three in 

Bihar, Punjab, Uttaranchal, Karnataka, Uttar Pradesh, Sikkim, Jammu & Kashmir, Gujarat, and two in Andhra Pradesh. 

 

5. SOLAR ENERGY-  
This form of energy relies on the nuclear fusion power from the core of the Sun. This energy can be collected and converted in a few 

different ways. The range is from solar water heating with solar collectors or attic cooling with solar attic fans for domestic use to the 

complex technologies of direct conversion of sunlight to electrical energy using mirrors and boilers or photovoltaic cells.  

Table 1- Actual installed renewable 

based plants in India [22] 

 

Source Unit  Installed 

Wind Farms MW 557 

Wind Pump Noôs 3289 

Small Hydro 

(up to 3 MW) 

MW 122 

Bio Gasifiers X 10 6 2.12 

Solar PV KW 825 

 

7% 

40% 

22.50% 

23.30% 

6.50% 0.70% 

Hydro Oil Gas
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Unfortunately these are currently insufficient to fully power our modern society Because of its location between the Tropic of Cancer 

and the Equator, India has an average annual temperature that ranges from 25°C ï 27.5 °C. This means that India has huge solar 

potential. The sunniest parts are situated in the south/east coast, from Calcutta to Madras. 

Solar energy has several applications: photovoltaic (PV) cells are placed 

on the roof top of houses or commercial buildings, and collectors such as 

mirrors or parabolic dishes that can move and track the sun throughout the 

day are also used. This mechanism is being used for concentrated lighting 

in buildings. Photovoltaic (PV) cells have a low efficiency factor, yet 

power generation systems using photovoltaic materials have the advantage 

of having no moving parts. PV cells find applications in individual home 

rooftop systems, community street lights, community water pumping, and 

areas where the terrain makes it difficult to access the power grid. The 

efficiency of solar photovoltaic cells with single crystal silicon is about 13 

% - 17%. High efficiency cells with concentrators are being manufactured 

which can operate with low sunlight intensities. Solar thermal power 

systems use various techniques to focus sunlight to heat an intermediary 

fluid, known as heat transfer fluid that then is used to generate steam. The 

steam is then used in a conventional steam turbine to generate electricity. 

At present, there are three solar thermal power systems currently being 

developed: parabolic troughs, power towers, and dish/engine systems. 

 

6. WIND ENERGY- 
The movement of the atmosphere is driven by differences of temperature 

at the Earth's surface due to varying temperatures of the Earth's surface 

when lit by sunlight. Wind energy can be used to pump water or generate 

electricity, but requires extensive areal coverage to produce significant amounts of energy. India is surpassed only by Germany as one 

of the world's fastest growing markets for wind energy. By the mid-1990s, the subcontinent was installing more wind generating 

capacity than North America, Denmark, Britain, and the Netherlands. 

The countries that have been fueling wind energy's growth throughout this decade have mainly been in the Northern Hemisphere, in 

particular Europe, where issues regarding the environment, fuel security and 

electricity-generating diversity are a priority. Of the 10 countries with the 

highest installed capacity at the end of 1999, only the United States, India 

and China lie outside Europe. The ten machines near Okha in the province of 

Gujarat were some of the first wind turbines installed in India. These 15-

meter Vistas wind turbines overlook the Arabian Sea. Now, in 2006, there is 

an installed capacity of 4,430 MW; however, ten times that potential, or 

46,092 MW, exists.  The main technical parameter determining the economic 

success of a wind turbine system is its annual energy output, which in turn is 

determined by parameters such as average wind speed, statistical wind speed 

distribution, and distribution of occurring wind directions, turbulence 

intensities, and roughness of the surrounding terrain. Wind energy is 

currently one of the most cost-competitive renewable energy technologies. 

Worldwide, the cost of generating electricity from wind has fallen by more 

than 80 percent, from about 38 US cents in the early1980s to a current range 

of 3-6 cents/kWh levelized over a plant's lifetime, and analysts forecast that 

costs will drop an additional 20-30 percent in the next five years. 

 

7. BIOMASS-    
 Biomass includes solid biomass (organic, non-fossil material of biological origins), biogas (principally methane and carbon dioxide 

produced by anaerobic digestion of biomass and combusted to produce heat and/or power), liquid bio-fuels (bio-based liquid fuel from 

biomass transformation, mainly used in transportation applications), and municipal waste (wastes produced by the residential, 

commercial and public services sectors and incinerated in specific installations to produce heat and/or power). The most successful 

forms of biomass are sugar cane bagasse in agriculture, pulp and paper residues in forestry and manure in livestock residues. It is 

argued that biomass can directly substitute fossil fuels, as more effective in decreasing atmospheric CO2 than carbon sequestration in 

trees. The Kyoto Protocol encourages further use of biomass energy. In developing countries it still accounts for an estimated one third 

of primary energy use while in the poorest up to 90% of all energy is supplied by biomass. Bio-energy comes either directly from the 

land, as dedicated energy crops, or from residues generated in the processing of crops for food or other products such as pulp and paper 

from the wood industry. Another important contribution is from post-consumer residue streams such as construction and demolition 

wood, pallets used in transportation, and the clean fraction of municipal solid waste (MSW). Some smaller gasification/engine systems 

State MW  State MW  

Andaman & 

Nicobar 

5.1 Kerala 12.02 

Andhra 

Pradesh 
475.74 Lakshadweep 0.75 

Arunachal 

Pradesh 
0.26 

Madhya 

Pradesh 
678.58 

Bihar 5 Maharashtra 378.7 

Chandigarh 5.04 Odisha 66.92 

Chhattisgarh 73.18 Puducherry 0.02 

Daman & Diu 4 Punjab 300.32 

Delhi 6.71 Rajasthan 1264.35 

Gujarat 1024.15 Tamil Nadu 562.94 

Haryana 12.8 Telangana 392.39 

Jharkhand 16 Tripura 5 

Karnataka 104.22 Uttar Pradesh 140 

Uttarakhand 5 West Bengal 7.21 

Table 2- State wise installed solar power capacity [27] 

 

States in India 

(Wind energy Potential) 

Gross Potential 

(MW)  

Andhra Pradesh  9063 

Gujarat 7362 

Karnataka  7161 

Kerala  1026 

Madhya Pradesh  4978 

Maharashtra  4519 

Orissa  1520 

Rajasthan  6672 

Tamil Nadu  4159 

West Bengal  32 

Table-3: State wise distribution of wind energy in India 

[1] 
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have been applied relatively successfully in rural India and some other countries. India is very rich in biomass. It has a potential of 

19,500 MW (3,500 MW from bagasse based cogeneration and 16,000 MW from surplus biomass). India has 537 MW commissioned 

and 536 MW under construction. The facts reinforce the idea of a commitment by India to develop these resources of power production 

as- 

a) Andhra Pradesh (200 MW) 

b) Bihar (200 MW) 

c) Gujarat (200 MW) 

d) Karnataka (300 MW) 

e) Maharashtra (1,000 MW) 

f) Punjab (150 MW) 

g) Tamil Nadu (350 MW) 

h) Uttar Pradesh (1,000 MW) 

The biomass to bio-energy system can be considered as the management of flow of solar generated materials, food, and fiber in our 

society. These interrelationships are shown in Figure 1, which presents the various resource types and applications, showing the flow 

of their harvest and residues to bio-energy applications. Not all biomass is directly used to produce energy but rather it can be 

converted into intermediate energy carriers called bio-fuels. This includes charcoal (higher energy density solid fuel), ethanol (liquid 

fuel), or producer-gas (from gasification of biomass). 

 

8. OTHER SOURCES OF ENERGY- 
There are several other sources of energy as-Geothermal Energy, Tidal Energy, wave energy etc. that contribute in energy demand of 

India. Waste to Energy ventures taking into account Municipal Solid Waste (MSW), introduced in the nation starting 31st March 2015 

is only 154 MW. MSW is a heterogeneous blend of combustibles, natural matter, inert and dampness. Vitality era through biochemical 

change or burning will rely on upon the levels of isolation and gathering productivity of MSW. This is a key center range of Ministry 

of Urban Development and also Urban nearby bodies (ULBs) the nation over and subsequently it is expected under all situations that 

by 2047: India has reasonably good potential for geothermal; the potential geothermal provinces can produce 10,600 MW of power 

(but experts are confident only to the extent of 100 MW). More than 300 hot spring locations have been identified by Geological 

survey of India (Thussu, 2000). The surface temperature of the hot springs ranges from 35 C to as much as 98 C. These hot springs 

have been grouped together and termed as different geothermal provinces based on their occurrence in specific geotectonic regions, 

geological and structural regions such as occurrence in orogenic belt regions, 

structural grabens, deep fault zones, active volcanic regions etc., Different 

orogenic regions are ï Himalayan geothermal province, Naga-Lushai 

geothermal province, Andaman-Nicobar Islands geothermal province and 

non-orogenic regions are ï Cambay graben, Son-Narmada-Tapi graben, west 

coast, Damodar valley, Mahanadi valley, Godavari valley etc. The most 

attractive locations are the Gulf of Cambay and the Gulf of Kachchh on the 

west coast where the maximum tidal range is 11 m and 8 m with average 

tidal range of 6.77 m and 5.23 m respectively. The Ganges Delta in the 

Sunderbans in West Bengal also has good locations for small scale tidal 

power development. The maximum tidal range in Sunderbans is 

approximately 5 m with an average tidal range of 2.97 m. The identified 

economic tidal power potential in India is of the order of 8000-9000 

MW  with about 7000 MW in the Gulf of Cambay about 1200 MW in 

the Gulf of Kachchh and less than 100 MW in Sundarbans. The 

installed capacity of renewable energy has touched 32,269.6 Mw or 

12.95% of the total potential available in the country, as on March 31, 2014. With this, the renewable energy, including large 

hydroelectricity, constitutes 28.8% of the overall installed capacity in India. 

 

9. ENERGY CONSERVATION - DEMAND AND SUPPLY:  
 Growth in net electricity consumption is expected to be most rapid among the emerging economies of the world, including India. 

According to the EIA, the annual average increase will be about 4.0 percent from 2002 to 2025.This is the practice that results in less 

energy being used. It also includes running in the park or outside instead of running on the treadmill in the gym. Energy conservation 

is great because we can all do this everywhere and anytime. 

 It is a great behavior we must acquire. The potential of renewable energy sources is enormous as they can in principle meet many 

times the worldôs energy demand. Renewable energy sources such as biomass, wind, solar, hydropower, and geothermal can provide 

sustainable energy services, based on the use of routinely available, indigenous resources. A transition to renewable-based energy 

systems is looking increasingly likely as the costs of solar and wind power systems have dropped substantially in the past 30 years, 

and continue to decline, while the price of oil and gas continue to fluctuate.  

In fact, fossil fuel and renewable energy prices, social and environmental costs are heading in opposite directions. Furthermore, the 

economic and policy mechanisms needed to support the widespread dissemination and sustainable markets for renewable energy 

Fig 2- Indiaôs Installed Power capacity 2011 (Source: 

Ministry of Power, Government of India) 
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systems have also rapidly evolved. The Global Wind Energy Council in its report says that Indian Wind Energy Outlook 09 estimates 

that there is a potential of around 90,000 MW for power generation from different renewable energy sources in the country, including 

48,561 MW of wind power, 14,294 MW of small hydro power and 26,367 MW of biomass. In addition, the potential for solar energy 

is estimated for most parts of the country at around 20 MW per square kilometer of open, shadow free area covered with solar 

collectors, which would add to a minimum of 657 GW of installed capacity. 

 

10. DISCUSSION & FUTURE TARGETS ï 
The incentive to use 100% renewable energy, for electricity, transport, or even total primary energy supply globally, has been 

motivated by global warming and other ecological as well as economic concerns. The average per capita consumption of energy in 

India is around 500 W, which is much lower than that of developed countries like the United States, Europe, Australia, Japan, etc. 

However, this figure is expected to rise sharply due to high economic growth and rapid industrialization. The Intergovernmental Panel 

on Climate Change has said that there are few fundamental technological limits to integrating a portfolio of renewable energy 

technologies to meet most of total global energy demand. Renewable energy use has grown much faster than even advocates 

anticipated [23].
 
At the national level, at least 30 nations around the world already have renewable energy contributing more than 20% 

of energy supply.  According to the India Renewable Energy Status Reported in 2014 which was released at the Green Summit held in 

2014 in Bangalore, the total renewable energy potential from various sources in India is estimated 2,49,188 MW. The untapped 

market potential for overall renewable energy in India is 2, 16,918.39 MW that shows huge growth potential for renewable energy in 

India. 

 

 
 

 

 

 

 

Fig.3- Energy consumption in Power Sector of India by 2030 (CWET) 

 

 

Among the creating nations India keeps on being the pioneer took after by China. India had been one of the quickest developing wind 

markets in the mid-90s however has backed off significantly because of under execution of undertakings, transmission issues, political 

will and financial instability. India has the world's fifth-biggest power era limit, which at present stands at 243 GW. The force segment 

in India is exceedingly enhanced with changed business hotspots for force era like coal, normal gas, hydro, oil and atomic and in 

addition unusual wellsprings of vitality like sun based, wind, bio-gas and horticulture. The interest for force has been developing at a 

quick rate and surpassed the supply, prompting power deficiencies notwithstanding complex development in force era throughout the 

years. The organization needs to take an intense position between adjusting financial advancement and ecological supportability. One 

of the essential difficulties for India would be to adjust its current vitality blend, which is overwhelmed by coal, to a bigger offer of 

cleaner and practical wellsprings of vitality [2].  

Most recent tasks are aiding in the improvement of indigenous examination and mechanical base, mastery, prepared labor and 

models/gadgets/frameworks in the nation are Hydrogen Energy, Chemical Sources of Energy (Fuel Cells), Battery Operated Vehicles, 

Geo Thermal Energy, Ocean Energy, Bio-powers. In the previous 30 years sun based and wind power frameworks have encountered 

quick deals development, declining capital expenses and expenses of power produced, and have kept on enhancing their execution 

attributes. Indeed, fossil fuel and renewable vitality costs, and social and natural expenses are heading in inverse bearings and the 

monetary and strategy instruments expected to bolster the far reaching spread and economical markets for renewable vitality 

frameworks are quickly advancing.  

It is turning out to be clear that future development in the vitality division will be principally in the new administration of renewable 

energy, and to some degree normal gas-based frameworks, not in traditional oil and coal sources. As a result of these improvements 

market opportunity now exists to both develop and to exploit developing markets to advance renewable vitality innovations, with the 

extra help of administrative and well known estimation. 
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Abstractð Vertical axes wind turbines in the commercial market are used without pitch control systems and the special emergency 

systems should be implemented as main part in the system. The closer turbine is assembled to civil parts the safer turbine have to be. 

The simulations of the safety system can be useful part to get faster results and make lower costs for safety system calculations and 

tests. Simulation with MATLAB Simulink can be used for new braking system research for special VAWT. The research analyses the 

two braking system action on real VAWT simulation model. With new developed simulation models for emergency braking can be 

calculated and designed new brakes for VAWT. The simulation models works with electrical brake for PMSG and mechanical brake 

for low speed or high speed shaft. Simulation results for each brake type was tested with simulated signals and in the work with real 

turbine simulation model. The results showed that the simulation models are correct and achieved the target or the research. 

Keywordsð VAWT, MATLAB Simulink, Emergency brake, mechanical brake, simulation, electrical brake 

INTRODUCTION 

Vertical Axes wind turbines VAWT is used more and more all over the world. Global energy market makes useful to use wind turbine 

as an electric energy source [1]. Very much in worldwide is used the large size wind turbines and they are as far as possible from the 

living places or active people working zones. The VAWT is used more in the smaller scale and this makes the situation that the wind 

turbine is used in the places where it is more close to people [2]. 

Safety is the main topic of placing the wind turbine near, close, or at active people working, living zones. The closer wind turbine 

comes to people the more safety actions are needed. In the case to have turbine working just beside human house or kinder garden or 

shop or many other places in the city or village, people are concerned about the safety of themselves or they friends or relatives [3]. 

Many tests and analyses should be performed to prepare the wind turbine for the places to be near the people. Physical tests is the 

obligatory thing for every system to be produced, but before do the real actual tests on the system of the cases for the safety then many 

other pre-analyses and tests could be done [4]. 

Today we know many systems to work with for mathematical calculations or static analyse, but using MATLAB Simulink 

environment is option to test the real turbine action on some fail conditions. Using real turbine simulation model is possibility to test 

many safety features and system action on the specific safety process [5]. The safety always is related with functions stop as soon as 

possible, but because of the rotating parts of the VAWT the quick stop of the machine could make the bigger damages or even destroy 

the entire turbine system and make damages to human being [6]. 

The key of the work is to make simulation subsystem for turbine model with two main emergency stop systems, where one is 

mechanical and the second is electrical. The subsystem is tested and analysed by using the main simulation model of the VAWT. By 

the simulation results it will be possible to analyse the safety level for some specific turbine emergency brake system. 

 
VAWT emergency system 
 

VAWT as small and middle size wind turbine have many system forces and the components by whom is made total active torque 

(Fig.1.). In classic turbine process the system have two main torques. The positive torque is aerodynamically torque from the wind 

energy transferred into the turbine blades and the rotor what works as the source of the energy. Electrical load torque what is 

controlled by the MPPT controller works as normal braking torque with the function to generate as much electric energy as possible 

according the actual wind speed. In the normal brake condition the stop of the wind turbine is performs by the MPPT controller and it 

is done by using the energy by feeding the energy into the grid. In emergency case when the MPPT controller is not able to stop the 

turbine or is malfunction of the controller then emergency system condition triggers the two brake systems. According the specific 

algorithm the brakes can be used either together or separately. In normal conditions if the generator is not malfunction the system is 
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stopped with electrical brake, but very important note is that the simple electrical brake with active resistance can be used only if the 

wind turbine uses the permanent magnet synchronous generator. In this case with active resistor help is possible to achieve the 

maximal generator current and stop the turbine [7]. 

 

Ὕ Ὕ ὝȢ Ȣ ὝȢ Ȣ ὝȢ Ȣ Ȣ ὝȢ ὝȢ ȢȢ, 

 
where Tsum ï total torque on the turbine shaft, Nm; 

 Ta ï total aerodynamic torque reduced on the blades, Nm; 

 Ta.meh. ï mechanical emergency brake total reduced torque on rotation shaft, Nm; 

 Ta.ele.isl. ï electrical short brake emergency brake reduced total torque on rotation shaft, Nm; 

 Tsl. ï electric load on the generator shaft according the MPPT setpoint, Nm; 

 Ta.ele.sl. ï electrical emergency brake reduced total torque on rotation shaft, Nm. 

      Fig.1. Wind turbine torque structure 

 

According the size of the active electric load the stop time will be reached. The bigger will be the size of the electric load the faster 

turbine will be stopped, but important note is that generator cannot achieve bigger current than itôs rated current, so that means that 

generator cannot achieve bigger torque than its rated torque. That is very important for understanding when the mechanical brake 

should trigger [8].  

Mechanical brake trigger should be performed after not achieving needed turbine rotor speed rump down time with electrical 

emergency brake system. That should make the main trigger for electrical emergency brake activation. The second trigger is when the 

malfunction is covered in the electric generator system. In that case the system should make emergency brake with mechanical brake. 

The important fact is that one turbine in best situation should have at least one emergency brake system. As now days is very popular 

to us PMSG in the wind turbine systems that makes ease way to use the electrical emergency brake system. But as every turbine have 

mechanical brake then make double brake system for one turbine sometimes can be too expensive.  

    Fig.2. Electrical emergency brake system structure 
 
The electrical emergency brake system in normal situation is performed by the electric resistors where depending on the 
generator output voltage the emergency power is achieved (Fig.2.). Very important is to take into account that many active 
resistors nominal data information about th e resistor power is shown at nominal voltage what means that in the moment when 
the generator speed is ramp down then the actual power of the emergency resistors is less than nominal. If the active resistors 
power is not calculated enough then can be situation that turbine is not stopped. The resistors can be over heated and the 
turbine can be damaged or destroyed [9]. 
Testing of the emergency cases in real life can be expensive and dangerous as well as the high wind conditions can be achieved 
not very ofte n. This makes big challenge to test very accurate the emergency system wok on the specific wind turbine model. 
The best way how to test the emergency system before real life final test is to make the test with the simulation system. The 
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usage of the MATLAB Simulink in this case would be very important as by help of the Simulink platform can be tested the 
system together under mathematical model in real time or non -real time simulation.  
The Simulink model shown in the pictures is developed for accurate elect rical emergency brake simulation  (Fig.3.). The actual 
active torque from the electric emergency brake model is calculated by the transient process over generator current time 
constant what is calculated as electrical time constant of the generator taking into account the generator active phase resistance 
and the inductivity. Depending on the generator voltage and electrical brake active resistance the electric power is achieved P, 
W. but depending on the actual rotation speed of the generator the actual braking torque is calculated for the shaft of the turbine 
rotor.  
 

    Fig.3. Electrical brake system Simulink model structure      
   
In case of using the gearbox for the wind turbine rotor speed multiplication to generator then active braking torque should be 
reduced to the active shaft part where is calculated the active aerodynamical torque. If aerodynamical torque of the wind 
turbine model is reduced to the generator shaft then electrical braking torque is at the same point in the system with 
aerodynamical torque. 
Mechanical brake MATLAB Simulink model is develop by using the transfer function for the torque transient process for the 
brake mechanical work (Fig.4.). Most of the mechanical brakes is designed by using the electrical actuators. The transient 
process of the mechanical system to achieve the maximal system brake torque depends on the speed of the system mechanics. 
After emergency is triggered the mechanical emergency brake start command is triggered and the mechanical brake system 
starts to apply the brakes. That takes time and for wind turbine very fast stop is not good as that can damage the wind turbine 
system. The mechanical emergency system should achieve the maximum braking torque in limited period of time.  

 
    Fig.4. Mechanical brake system Simulink model structure       
 
 
 
 
VAWT emergency system simulation result analyse 
 
System model simulation is done first of all testing the each system simulation model separately and after that setting the 
emergency systems in to the VAWT simulation model to test the emergency system simulator. The first test is the electrical 
emergency brake system simulation with constant electrical voltage and constant generator electrical parameters. The 
emergency trigger is triggered at time T=0.018 when generator speed goes over rated rotation speed. The simulation 
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measurementõs shows how depending on the size of the active resistance of the emergency brakes changes the transferred 
output power of the brake system  (Fig.5.). Simulation results shoves that the electrical simulation model is correct and can be 
used in the total VAWT system model.  
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.5 Electrical brake system simulation results with simulated input signals  
 
Mechanical emergency brake system simulation model is simulated with emergency trigger at time T = 0.18 when generator is 
going in over speed mode. The system is mechanical closing the brake pads and the torque is achieved after the brake actuator is 
at the end position. Simulation results shows the system work at three different mechanical brake work time but the same 
maximal toque. The more actuator time is needed the later the maximal torque is achieved what is shown over the simulation 
records in the scope (Fig.6.). The simulation results shows that the developed mechanical emergency brake simulation model is 
correct and can be used for total VAWT simulation  in simulation model.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Fig.6 Mechanical brake system simulation results with simulated input signals  
 
VAWT simulation model is developed and described in many other papers and researches for VAWT system simulation. The 
main goal for using developed simulation model is that the simulation model will show more accurate the new developed 
emergency braking systems models. Usage of not appropriate VAWT simulation model can give wrong results at the emergency 
system model verification what is important to be tested with as accurate as possible as the subsystems can be used for another 
wind turbine simulations.  
First simulation is done by testing the electrical brake. As electrical brake theoretically can achieve big electrical brake torque but 
physically that cannot be more then generator maximal electrical torque. The VAWT sim ulation model is sated up with 
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generator maximal torque 1248 Nm and the gearbox ration i = 4.28. The emergency system is triggered in the time T = 5s.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Fig.7 Electrical brake system simulation results integrated in VAWT simulation model  
 
Simulation recorded results shows the system ability to stop the wind turbine with the simulated electrical brake with active  
resistance R = 1 Ý. As the turbine simulated Inertia was 250 kg·m2 then the turbine was stopped in 0.35s. In the time of stopping 
the turbine the turbine TSR is decreasing and the Cp is getting lower what makes the aerodynamic torque decrease on the wind 
turbine rotor. The braking torque achie ved on the generator is at maximal ôgenerator torque and reduced to the rotor slow speed 
shaft that is 5341 Nm (Fig.7.).  
Simulation test for the mechanical emergency brake system was performed with the same VAWT simulation model and the 
same turbine settings and wind speed simulation. The mechanical brake was triggered at time T= 5s. The Maximal brake system 
toque was 10000 Nm and the brake was assembled on the high speed shaft of the wind turbine. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Fig.8 Mechanical brake system simulation results integrated in VAWT simulation model  
 
Simulation recorded results shows that with this type of mechanical brake system with closing speed 1 s achieved the maximal 
torque with in 1s and reduced brake torque on the low speed shaft was 42 800 Nm, what stopped the wind turbine with in 0.2s  
(Fig.8.). what makes the conclusions for this turbine simulation that this turbine donõt need so high torque wind turbine as the 
turbine stopped already at time 0.2s and the brake maximal torque was achieved in time 1s. That means the brake maximal 
torque can be reduced as minimums for 50%. 
Both real VAWT simulation results with emergency brakes showed that the developed new simulation models for the 
emergency brakes are accurate and can be used in other VAWT or HAWT simulation models.  
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CONCLUSION 

Developed MATLAB Simulink models shows that the simulation of the VAWT model with emergency brakes is correct and can 
be used in further emergency equipment tests and developments and used for final engineering calculation test.  Simulation 
model used for emergency system simulation and mathematical test is flexible and easy to use without additional risk to destroy 
the equipment or attack to the human health what is the most important point in case of system failure. Simulation model is 
higher level testing solution comparing to th e static mathematical calculation. Simulation model gives option to test system in 
dynamic and with variable process perturbations and system actions.  
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Energy Dissipation By Using Different Slopes Of Ogee Spillway 
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Abstractð This study aims to investigate the effects of different slope of ogee spillway surface on energy  dissipation.  Three ogee 

spillway models were prepared with slope of 1:1, 0.85:1, and 0.75:1. 18 test runs were carried out to investigate the energy dissipation  

downstream the three spillway models. 

Keywordsð Energy Dissipation, hydraulic jump, Froude number, discharge, Spillways, Slope, Relative energy loss 

1. INTRODUCTION  

A spillway is a structure used to provide the controlled release of flows from a dam or levee into a downstream area.  

Spillway with various shapes has been considered the most hydraulic structures which used in open channel flow. They are widely 

used in  water flow measurements and control of water surface levels. Spillway is a major part of a dam, which is built to release flood 

flow. Depend on the hydraulic conditions of flow and the geologic   characteristics of the dams site spillways can be built in different 

types and shapes. 

Spillways are invariably provided for all types of dam which may be located either within the body of the dam or at one end of dam or  

entirely away from the dam as an independent structure. 

Spillway is safety device in a dam. Many failures of dams have been reported due to inadequate capacity or improper design of   

spillway, especially for earthen and rock fill type of dam which is likely to be destroyed, if overtopped, unlike concrete dams which 

may  not fail with slight overtopping for a small period of time. 

Today whole world is worried about the water and its proper management. So India is focusing on water   management through  

construction  of dam.  Many Indian dams which are already constructed are not giving full efficiency for which they are constructed. 

On other hand while constructing dam we have to face fund related issue. In short we have to construct dam with high efficiency and 

low cost. This research  paper  is focusing on reducing downstream scouring at toe by using different slopes of ogee spillway. 

 

 

2. EXPERIMENTAL MODELS  

The models were of a width 10 cm, height of 25 cm measured from the crest, and the base is varied according to the change in surface 

slope which is equal to 25cm, 21cm, and 19cm for slope 1:1, 0.85:1, and 0.75:1, respectively. 

These models were made from wood  and well painted by a water proof varnish to prevent wood from changing its volume by 

absorbing water. 
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3. LABORATORY WORK  

All The tests were carried out in the fluid mechanics laboratory of P.D.V.V.P.C.O.E., AôNAGAR of the Savitribai Phule Pune  

University. The laboratory has a flume of 10m long horizontal tilting flume of 0.3m in width and 0.45m in height. The bed of the 

flume was  maintained at a horizontal slope during all of the tests. A centrifugal pump having a rated capacity of 40l/s was used to 

deliver flow to the  flume. Measurements of depths water levels were observed by point gages which have the accuracy of 0.1 mm. 

Measurement of water  level is taken at u/s and d/s side of spillway. The crest of the spillway and the channel bottom were used as 

reference for the upstream and  downstream point gages, respectively. Upstream water depth was varying between 1.2cm and 5cm 

above the crest level. At these water  depths, the minimum and maximum discharges were obtained of 37.72 cm^3/sec/cm and 258.68 

cm^3/sec/cm of the 1:1 model, 47.15  cm^3/sec/cm and 261.38 cm^3/sec/cm of the 0.85:1 model, 55.24 cm^3/sec/cm and 257.34 

cm^3/sec/cm of the 0.75:1 model respectively,. Spillway models were placed within the flume.6 test run were carried out on each 

spillway model. 

In all test runs on three models follow the same laboratory procedure, which is summarized as follows: 

- Operating the flume pump. 

- Adjusting the control valve to obtain the required flow depth. 

- Measuring the upstream water depth. 

- Measuring the downstream water depth. 

Fig.1 flow over ogee spillway                                         
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Fig.2 hydraulic jump at the toe of spillway 

 

4. RESULT AND ANALYSIS 

Eighteen tests runs were carried out on the three spillway models of different slope surfaces. For minimum depth ratio relative  energy 

loss is 67%, 65.03%, 67.20% for slope 1:1, 0.85:1, 0.75:1 respectively. For maximum depth ratio relative energy loss is 87.17%, 85  

%, 85.20% for slope 1:1, 0.85:1, 0.75:1 respectively. 

 

CONCLUSION 

In the entire tests, the flow over the ogee spillway was of high kinetic energy of the flow causes high values of  ength of  jump and 

height of jump to developed at downstream the spillway. As the slope of the spillway surface is milder as the values of length of jump 
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and height of jump are reduced. . In tests runs, the values of relative energy loss varied between 67% and 87.17% , 65.03% and 85 %, 

and 67.20 % and 85.20%, for spillway models with slopes 1:1, 0.85:1, and 0.75:1, respectively. 
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Abstract ï Antennas are alarmingly becoming a bridge between invisible Electromagnetic frequencies and visible electronic gadgets. 

It is a means to achieve communication in todayôs Era. Likewise, a monopole antenna is designed and fabricated in this paper, which 

operates in WLAN, WiMax and UWB frequencies. The antenna has two U-shaped slots embedded in the circular patch and feedline 

fed with coplanar waveguide. The modeling equations are elaborated with circuit analysis for the antenna. It has desirable gain 

features ranging from 3.56 dBi to 5.6 dBi with good radiation efficiency.  

Keywordsï 

Circular patch, U-shaped slots, coplanar feed, equivalent circuit, Modeling equations, impedance bandwidth, current distribution. 

 

I. INTRODUCTION  

 

IEEE 802.11 standards for WLAN consist of 2.4 GHz (2.4ï2.484 GHz), 5.2 GHz (5.15ï5.35 GHz), and 5.8 GHz (5.725ï

5.825 GHz) frequency bands and IEEE 802.16 standards for WiMaX consist of 2.5-2.69 GHz, 3.40-3.69 GHz and 5.25-5.85 GHz 

[2][9]. Also, there is an increasing demand for Ultra wide band applications which covers 3.1 to 10.6 GHz. In order to achieve all 

these frequency bands in one device, the following antenna is designed with monopole characteristics. Recently, printed monopole 

antennas have become prominent for WLAN and WiMAX applications due to its low cost, process simplicity, good performance and 

portability nature[5]. This paper provides detailed antenna dimensions and modeling of it in HFSS software. The circuital analysis is 

elaborated with equations governing it. 

In[1], a monopole antenna with two curved stripes connected to feed point was proposed for WLAN USB dongle application 

which did not cover UWB range. A miniature triple band monopole was designed in [2] but the gains achieved were less than 

required. Many other designs of triple band antennas are either complex in structure with protruding parts or large in size, which limit 

their availabilities for practical applications. In paper[4], a mechanical conical monopole antenna was designed operable in X band 

and Ku band. But it hardly makes the device portable for ready use in the communication field where space is an essential criteria. 

Hence, there is a need for small portable antenna which can be easily installed in the mobile phones or network cards. 

 In this design, the monopole antenna covers WLAN, WiMax and some UWB ranges with acceptable gains and wide 

impedance bandwidth. The slots are designed to operate at particular resonating frequencies. It has relatively low VSWR and efficient 

radiation efficiency. 
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II.  ANTENNA DESIGN AND APPLICATION BANDS  

The prototype structure of the antenna designed here consists of a dual U-shaped slots embedded in the circular patch and 

feedline fed through a coplanar waveguide (CPW) transmission line, which is in turn connected to a coaxial cable through a standard 

50ɋ SMA connector. The antenna is designed on a low-cost, durable FR4 substrate having relative dielectric constant Ůr=4.4, loss 

tangent tanŭ=0.02 and thickness of h=1.6 mm. The overall size of the antenna is 48x65mm
2
; while the circular patch is of optimized 

radius of 12 mm. A 50 ohm CPW transmission line of a signal strip width of 3.8mm with a gap distance of 0.3mm between the strip 

and the coplanar ground plane is used for feeding the antenna. The Coplanar feed is considered in order to reduce surface waves[2]. 

The feedline of coplanar feed acts as signal conductor while the ground planes situated at either side on the feedline acts as returning 

planes. 

 

 

 

Fig.1.  Design of monopole antenna with one U-shaped slot at the circular patch and other in the feedline. 

  The antenna is devised for the application in various WLAN (from 2.4-2.484 GHz, 5.15-5.35 GHz), WiMax (from 2.5-2.69 

GHz, 3.3-3.8 GHz) and UWB (from 3.36-11.67 GHz) bands. 

 

Table I 

Parameter Unit (mm) 

Length of patch U-slot 32 

Thickness of the slot 0.7 

Length of the feedline U-slot 17.3 

Radius of the circular patch 12 

Ground plane dimension 34x22.2 

Substrate dimension 48x65 

Signal strip width 3.8 

 

Table.1.  Dimensions of the proposed antenna 
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III.  DESIGN METHODOLOGY AND PARAMETER ANALYSIS  

In order to interpret the principle of the slot technique, the antenna is analyzed with equivalent circuit model. Fig.2. gives the 

equivalent circuit of the antenna in Fig.1. Zslot1, Zslot2 and Zant expresses the equivalent impedance of the inverted U-shaped 

slotline at the circular patch, the U-shaped slotline at the feedline and the circular patch respectively. It is supposed that the resonant 

frequencies of the patch and feedline slotline are, respectively, f1 and f2. It can be concluded that the circuit is shorted when f=f1 or 

f2, since the two pieces of shorted slotlines are of the lengths of ɚ1/2 and ɚ2/2, respectively. 

 

 

 

Fig.2. Equivalent circuit model of the antenna with two U-shaped slots expressed in the impedance form. 

 

The Zo represents the characteristic impedance of the equivalent circuit. For resonating frequency,  f1=4.05 Ghz, the length of 

the slot of the patch is Lslot1=32 mm and for resonating frequency,  f2=7.5 Ghz, the length of the slot of the feedline is Lslot2=17.3 

mm. The slot lengths are evaluated using the following formula; 

Lslot=C/[2fo{ã(r+1)}/2]. 

 

The effective permittivity, Ůe is slightly less than Ůr because the fringing fields around periphery of the patch are not confined 

in the dielectric substrate but spread in the air.  For FR-4 substrate, Ůr=4.4 and h=1.6mm; 

Ůe={ã(Ůr+1)/2}+{ã(Ůr-1)/(2ã(1+(10h/W)))}; therefore, Ůe =4.017. 

The width of the patch is evaluated by the formula, W= C/[2fo{ã(Ůr+1)}/2]. 

For f= 3.8 Ghz;  W=  24mm (Diameter of the circular patch). The other parameter, effective length is evaluated in the antenna to 

understand the actual length extension of the antenna. The effective length is increased due to fringing effect. It is calculated as;   

Le=L+2ŭL= C/{2 foã(Ůe}; for resonating frequency,  f =4.5 Ghz , therefore Le=75 mm. 

                

 

IV.  RESULTS AND DISCUSSION 

The antenna is designed and simulated with the help of HFSS ï a high performance full wave EM field simulator. The results are 

optimized in HFSS and the frequency of operation , antenna gain and other antenna parameters are obtained. Fig.3 describes the 

simulated return loss against the frequency for the prototype antenna.  
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Fig.3 Reflection coefficient plot showing good impedance bandwidth of 1160 MHz at 1.6 to 2.76 Ghz and 1987 MHz at 3.366 to 5.353 Ghz. 

 

U-shaped slot needs to be etched efficiently in order to obtain proper operating frequency. The result shows wide bandwidth 

response. The lower band of the proposed antenna has an impedance bandwidth of 1160 MHz (1.6-2.76 Ghz) and higher band has BW 

of 1987 MHz (3.366-5.353 Ghz) covering WLAN, WiMax and UWB bands. 

 

 

Fig.4. VSWR plot showing voltage standing wave ratio less than 2dB (Ideally VSWR<=1). 

 

 

Fig.5. 3-D radiation plot for designed monopole antenna showing good omnidirectional radiation. 
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Fig.6 Peak Gain curve showing maximum gain at 9.2 GHz, whereas gain at WLAN band is about 2.05 dBi and at WiMax it is near to 1.06 dBi. 

  

The gain increases with frequency and is maximum at 9.2 Ghz. Achievable gain at WLAN band is about 2.05 dBi and at 

WiMax its 1.06 dBi. The proposed antenna has a larger gain in the higher bands because the antenna gain is a function of its electrical 

dimensions relative to the wavelength of interest, current/field distribution and radiation pattern[13].  

V. CONCLUSION  

Good antenna radiation performance of operating frequencies across the WLAN, WiMaX & UWB bands are obtained. By 

embedding two U- shaped slots, efficient impedance bandwidth is achieved with gain ranging from 1.06 dBi to 5.32 dBi. Also, proper 

E-plane radiation is observed at desired frequencies giving the omnidirectional radiation nature for the monopole antenna. 

 

VI.  FUTURE SCOPE 

It can be further modified for achieving higher frequencies by increasing slot structures. Also, necessary filter notch can be 

inserted in the design in order to eliminate unnecessary frequency.  
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Abstractð The Lean manufacturing process refers to wipe out or minimize the seven deadly wastes by keeping the production flow 

maximized. It is a management tool for making a schematic production process with the lean initiatives through the recorded orderly 

information and investigation led further. It is a procedure for planning the enhancements suggested including the cost, outline, 

process improvements and so on. The target of this study is to create a value stream map for an automobile company of anti-vibrations 

solutions. This specific tool allows the organization to focus upon their current lead time, stock levels and cycle times to find out the 

ratio of value added process to the total lead time of the product line being investigated. The initial step is to generate a current state 

map to analyze the production flow and to evaluate the companyôs current cycle times, process interchanges, and equipment capacity 

of machine. The essential objective is to eliminate the wastes by first identifying the ones which do not add any value for the final 

product in the production. 

Keywordsð  Lean manufacturing, value stream map,  production cost, PPIC, seven deadly wastes, productivity, inventory control, 

process mapping. 

INTRODUCTION 

Lean manufacturing is a concept to abolish waste in production department of an Organization. The aim of manufacturing firm is to 

continually increase productivity by maximum utilization of their recourses in operations. The objective is customer satisfaction with 

absolute product, quantity, quality and value in lesser time. For getting the profitable production, a conspicuous approach is required 

to minimize the wastes in production. The seven wastes targeted by the Lean Manufacturing Philosophy are: motion, overproduction, 

over-processing, inventory, defects, waiting and transportation [1]. Part of lean manufacturing is checking the operations only for the 

parts, processes or components which add to price instead of value [2]. Carefully observed all the production step  during 

manufacturing  and add only those which improve the value of the product and other could be assigned to an outsourcing company so 

that the staff can focus only on the value-added operations of its core business. Taiichi Ohno and Shigeo Shingo framed a new, 
disciplined as well as a process-oriented system which is today called as ñToyota Production System (TPS)ò or ñLean Manufacturingò 

[3]. They developed a system that upgrade the productivity at Toyota in between 1945 and 1970.  
 

A stream map can be used to document on the current production lead time, inventory levels and cycle times in order to create a vision 

of an ideal value flow between the various departments and processes [4 ]. A Lean 3P (production, preparation, process) method was 

design a new endoscopy unit, which shows that 3P is an effective tool on developing the designs as per requirements of multiple 

stakeholders. The accuracy and efficiency process system can be improved at same time, by ensure lean production [5]. A Kanban 

system works effectively in multinational organization and to identify factors hindering small and medium enterprises (SME) from 

implementing Kanban [6]. A lean route map is implementing in organization for lean manufacturing system [7]. A green 

Manufacturing can be applied in all manufacturing sectors that minimize waste & pollution and ultimately enable the economic 

progress and contribute in conserving the resources [8].The multi-dimensional concept, unavailability benchmark and uncertainty, 

which arises from the human judgments for the measurement of degree of leanness, is discussed by [9]. The objective of lean 

manufacturing is to manufacture a product exactly what the customer wants, it can be achieved by minimizing all non-value added 

activities in production [10].  

The key principle of Lean is misspend ñmuda" the underlying driver of operational inefficiency [11]. Organizations should identify the 

waste from customer point of view and then regulate how to eliminate it. These waste increasing the product costs and adds no or just 

a zero value to manufacturing process [12]. The Process improvement is exact way for improvements of results as any organization. 
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An accurate inspection is required of work flows from one person or workstation to the next corresponding person or workstation. 

From a lean aspect, the first thing to create a value stream map following the indirect pathway of matter through the process [13]. 

PROBLEM IDENTIFICATION  

The production management team of manufacturing firm is focusing on value-added activities to enhance their business productivity. 

Amid study it has been observed that they neglect the significance effect of non value added activities ñwastesò. There is a remarkable 

statistical effect on production cost by evacuating the seven wastes through lean manufacturing. The mapping with all value-added 

activities can help in focusing on every root cause in an on-going process. This paper focused on the application of Lean 

manufacturing in process engineering and Global Production System (GPS) department for productivity improvement.  

OBJECTIVES 

The fundamental objective of the present work is to research the current situation of wastes elimination in the manufacturing firm and 

its vital role to reduce the production cost. It is required to create a value stream map in terms of value and non value activities, cycle 

time, marketing, PPIC (Product Planning & Inventory Control), manpower requirements, purchase process flow and other 

departments. The ultimate target is to improve productivity by lean manufacturing. 

METHODOLOGY  

Lean manufacturing is a philosophy to shorten the time line between customer requests and fulfillment by eliminating the wastes 

(Figure 1); these can be achieved by mapping the value and non value activities. The process mapping at different stages in the 

production department for AV1370 with all the process is shown in Figure 2. According to the customer requirements, the activities 

which are generally adding value are forging, rolling, quenching  and which do not adds values are  transportation, inspection, motion 

are depicted in a stream map (Figure 3) for part VSM_SPCL_M14X9. 

 

Figure 1: Reducing time by introducing lean manufacturing 
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Figure 2: High level process mapping for AV 1730 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Value stream mapping for VSM_SPCL_M14X9 (HMSI) 

Figure 3: Value stream mapping for VSM_SPCL_M14X9 
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MARKETING PROCESS FLOW  

Marketing process alludes the strategies or procedures that are created to ensure the customer has a positive and noteworthy 

experience when buying or utilizing the product or service. The marketing process flow is as shown in Figure 4 with the scheduling 

and planning as per customer requirements.   

   

Figure4: Marketing process flow including scheduling and planning 

                                                                                            

PRODUCT PLANNING AND INVENTORY CONTROL   

This procedure (Figure 5) indicates how the product planning flows along with inventory control process by keeping in mind to 

minimize the inventory cost and expand the use of assets, material and procedure.  

 

 

Figure5: Flow of Product Planning &Inventory Control 
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PURCHASE PROCESS FLOW 

 

The method starts with a demand or prerequisites which could be for a physical part (inventory) or a service. It starts after receiving 

the requirements of raw materials from PPIC and later following the delivery of planned schedule and consignment flow as 

demonstrated in Figure 6. 

 
Figure6: Process flow of Purchasing Department 

 
MARKETING AND PPIC PURCHASE 

 

In this, the lead time is computed per piece of various activities such as Raw Material (RM), Marketing (MKT), PPIC Purchase 

involved as illustrated in Table 1. 

 

Table1: Lead time calculation per piece for Purchase, Marketing, PPIC, RM 

 

Activity  
Total 

Days 

Total 

Hours 

Total 

Seconds 
UOM 

Wt _ 

MT 

Nov 10 

Seconds 

/ 

Wt(Kg)  

Product 

Wt (Kg)  

Lead 

Time 

(Seconds) 

per Pc 

Marketing 4 92 331200 Sale Wt 608.100 0.54 0.0141 0.008 

PPIC 5 115 414000 Final Deposit 771.011 0.54 0.0141 0.008 

RM Purchase 10 230 828000 RM Purchase 974.163 0.85 0.0141 0.012 

Supplier (RM) 28 644 2318400 
RM Batch Process at 

Supplier End 
475.000 4.88 0.0141 0.069 

Transportation               

(RM Supplier) 
1 23 82800 

Supplier to RM 

Processing Vendor 
16.000 5.18 0.0141 0.073 

RM Processing Vendor 

(Option-I) 
3 69 248400 

RM Processing                            

(Annealing + Drawn) 
5.000 49.68 0.0141 0.700 

RM Processing Vendor 

(Option-II)  
0.5 11.5 41400 

RM Processing 

(Drawn) 
5.000 8.28 0.0141 0.117 

Transportation                   

(RM Processing 

Vendor) 

0.5 11.5 41400 
RM Processing Vendor 

to Factory 
10.000 4.14 0.0141 0.058 

Transportation            

(Factory to 

Warehouse) 

1 23 82800 Factory to Warehouse 4.000 20.70 0.0141 0.292 

Transportation            

(Warehouse to 

Customer) 

1 23 82800 
Warehouse to 

Customer 
4.000 20.70 0.0141 0.292 
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RESULTS  
 

In this section, the summary sheet of SPCL_M14X 1.5X 9.5 SOFT NCRPT 6589 is exhibited (Table 2) in which different activities 

are recorded with various departments. Amid study, the present value is noted down and target esteem which is to be accomplished is 

composed (Figure 7). The Target value is reduced as compared to present value. The most noteworthy decrease in target value can be 

seen in inventory days for computer numerical control (CNC) machine i.e. from 7 days to 1day which at last, profited in on-time 

delivery of the product. The production was increased along with the decrease in waiting time which is basically an elimination of one 

of the seven kinds of wastes. The production is increased along with the decrease in waiting time which is essentially an elimination of 

one of the seven kinds of wastes. The cost benefit analysis is carried out and number of resources is seen according to the prerequisite. 

The contribution of single project with total time is carried out. The total cost benefit is most extreme (INR 1,186,025) for 

manufacturing processes which are increasing the value to the product such as forging, punching, quenching, chrome plating and so 

forth (Figure 8). The base money saving advantage is accomplished by marketing department which is around INR 11,107. The 

benefit is seen for all the undersigned projects whether it will increase production or decrease cycle time, waiting time etc. So, overall 

value stream mapping is done which clearly depicts all the value-added and non-value added activities along with the individual cycle 

times so that benefits and maximum utilization of resources can be accomplished. 

 

 

Figure7: Present & Target values comparison with different project activities 

 

 

 

 

 

 

 

 

 

 

 

 

Figure8:  Comparison of Cost benefits with the different departments of activities. 
 

Table 2: Project Summary sheet including the benefits, project time, resources utilized 
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CONCLUSION  

Principle reason for this paper is to create a value stream map and recognize the contribution of waste in a specific undertaking which 

is influencing the lead time. After a specific assessment (Table 3), the production is increased due to decrease in downtime (forging) 

and decrease in cycle time (punching and chrome plating). The decrease in waiting time after the manufacturing operations is achieved 

with increase in batch size. The target value is diminished when compared with present value in inventory days for CNC machine 

which benefitted on-time delivery of the product (Figure 7). The total cost benefit is INR 1,186,025 for manufacturing processes. 
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Abstract: Financial inclusion is defined as an activity of facilitating banking as well as financial services to the low income group 

people and people from most vulnerable group in the society. The successful achievement of financial inclusion can be done by the 

most effective and transparent financial services. In India, government has taken several initiatives to foster financial inclusion. 

Financial Institutions like banks has shown an immense increase in its extent to provide their banking services to the people from the 

unreached and excluded sections in the society. But World Bank Global Findex Database 2014 has highlighted that, in India 21% of 

adults are unbanked and only 53% of adult population possess financial services from a formal financial institutions. This paper 

identifies that financial literacy, high cost, technology, trust, income level, distance and inappropriate products are the factors that 

determine the financial inclusion in rural areas. This study discusses about the various innovative delivery channels used to reach the 

rural people and a conceptual model is developed to find out the factors that drives the financial inclusion. 

Keywords: Banking Services, Financial Inclusion, Factors, Rural People, Innovative Delivery Channels 

1. Introduction 

  In India Dr. K.C. Chakrabarty, Deputy Governor of Reserve bank of India in October 2011 defined financial inclusion as a 

process of providing access to the financial services and products for the most vulnerable groups such as people from low income and 

weaker sections in the society at a very low affordable cost in a proper and transparent way by the recognized institutional 

participants. He also defines the basic necessities and expectations of the excluded members of the financial system such as safety and 

security of deposits, less transaction costs, less paper work, recurring deposits, easy access of credits, remittances fit to their income 

and expenditures. According to the global snapshot report 2014, India has a very low access to financial products or services and the 

level of informal borrowing between members of family, friends and employees are quite high, whereas the formal credit is 

inadequate when compared to other countries in the study. According to World Bank Global Findex Database 2014, from figure1 it 

can be seen that India has 21% of adults are unbanked and the adults who possess financial services from the formal financial 

institution were only 53%. Leyshon and Thrift (1995) has stated that financial exclusion is nothing but excluding low income & poor 

people to get an access of financial products and services from the traditional financial institutions. 
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Figure 1: Unbanked adult percentage and account penetration in India  

 

Source: Global Findex Report 

 

1. Objectives 

 

1. To analyze various factors that determines financial inclusion in rural areas. 

2. To study the various innovative delivery channels used to reach out rural areas. 

3. To develop a conceptual model to find out the factors that drives financial inclusion. 

2.1. Factors Determining Financial Inclusion in Rural Areas 

Global Findex Report 2014 has analyzed the self reported barriers for accessing account in financial institutions they are listed below: 

¶ Religious reasons 

¶ Lack of trust 

¶ Cannot get an account 

¶ Lack of necessary documentation 

¶ Distance of financial institutions 

¶ Expensive accounts 

¶ Family members already has an account 

¶ Do not need an account 

¶ Not enough money 

From figure 3 as per the report it was analyzed that 59% of adults were identified without an account and the most common reason is 

lack of money. PriyaNaik (2013) states that the ecosystem of financial system consists of many participants namely the government, 

Banks, Microfinance institutions, nonbanking financial institutions, Nongovernmental organizsations (NGOs) and Technology 

Venders. Financial Inclusion has to be viewed through the lens of two side barriers namely supply side barriers and demand side 

barriers. Supply side barriers are inappropriate products, Complicated Processes, Insufficient Reach and Access. The demand side 

barriers are financial literacy, Socio ï Cultural Factors and Unfriendly interface. 

Varun Kesavan(2015) analyzed the factors that are affecting access to financial services they are Psychological and cultural 

barriers, Legal identity, income level, terms and conditions, procedural formalities, Limited literacy, place of living, social security 

payments, Occupation types and product attractiveness. Dr. Anurag B. Singh, Priyanka Tandon(2012) listed that  Gender issues, Legal 
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identity, limited literacy, place of living, bank charges, income and occupation are the factors that affect the access to financial 

services. Indira Iyer(2014) analyzed that the policy and infrastructure are supply side barriers whereas financial capability, trust, lack 

of knowledge distance are said to be the demand side factors that determines the use of financial services.  

Figure 3: Self- Reported barriers to use of an account at a financial institution 

 

Source: Global Findex Database 

Sylvia M. Wambuaa, Evelyne Datche(2013) analysed that perceived risk, Trust, User friendliness and Anti Money 

Laundering(AML) Requirements are  the innovative factors the affects the financial inclusion in banking industry. Mwangi Isaac 

Wachira & Evelyne N. Kihiu (2012) has highlighted that obtaining financial services is not only dependent on financial literacy of 

rural people but also certain factors has to be considered such as distance of the bank branches, income level of the rural people, 

households size, age, gender, marital status and the education level. D.T. Pai (2010) identified the primary barriers in expanding 

financial services are Distance from bank, High charges and penalties, perception of financial services are complicated, and Banks do 

not prefer low income people. Later, he identified the demand and supply side barriers of financial inclusion. The supply side barriers 

are unbankable, deposit/loan account is too small, distance, high transaction cost, Inability to evaluate and maintain cash flow cycles, 

poor infrastructure, lack of banking habits and culture. The demand side barriers are high cost transactions, lack of awareness, hassles 

related to documentation, easy access of timely doorstep service from money lenders or internal resources.  

Deepika Gupta (2015) divided the barriers for implementing financial inclusion into three different types which are listed 

below 

1) Human Barriers: Financial status, absence of legal identification proof, high transaction cost and level of financial 

literacy among rural people. 

2) Institutional Barriers: Absence of coordination between Government of India (GOI) and Reserve Bank of India (RBI), 

inadequate production for bank clients, Scarcity in grasping customer requirements, insufficient regulatory framework 

and inadequate quality in services. 

3) Infrastructural Barriers: Inadequate Information and Communication Technology (ICT) Services for making banking 

transactions, position, distance from bank branches and inadequate inducements to Business Correspondents (BCs). 

 

Angella Faith Lapukeni(2015) analysed that on the supply side by using powerful analytical tools with more data rich 

services can help them to get a risk free access which in turn fits the needs of the customers. 

  Minaxi Rani(2015) developed a conceptual framework to analyze the impact of financial inclusion by investigating the 

availability of banking and financial services in rural areas. The author stated out that financial illiteracy, lack of awareness about the 

product, failure in reaching the poor, various regulations, financial literacy, income level, trust and non availability of bank branches 

in rural areas are challenges of financial inclusion faced by banks. Isaac Munyao Muasya and Francis Kerongo (2015) reveal that 
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financial services have been inaccessible for the rural people mainly due to the distance from the banks and lack of awareness about 

financial products and services. 

Karen Ellis, Alberto Lemma and Juan-Pablo Rud (2010), has investigated on investment made by the household rural people. 

They suggested that formal financial services encourage rural customers to invest their money in a secured or potentially profitable 

manner. Mustafa K. Mujeri (2015) stated that even though financial institutions are licensed by the government, many household uses 

quasi ï formal and informal channels to meet their financial services because existing finance, credit and payment systems do not 

serve well for the rural poor. This reduces the opportunity for the rural households to get financial services at an affordable cost. 

Madalitso Mandiwa (2014) analyzed that the use of financial products is especially low in rural areas. The author stated out the lack of 

funds and lack of understanding the financial products are the two main barriers for the rural households to access financial services in 

the banking industry. 

2.2. Innovative Delivery Channels to reach out Rural Areas 

In January 2006 Reserve Bank of India (RBI) has recommended commercial banks to engage Business Correspondents / 

Business Facilitators to act as intermediaries in order to provide doorstep financial services for the people from the rural areas. The 

Business Correspondents open bank accounts for the illiterate rural customers by using biometrics which makes the rural customers to 

ensure security of transactions and increases the trust level about the banking system. Reserve Bank of India (RBI) enables 

commercial banks to utilize services for offering financial services to the rural people from the below listed organizations and groups. 

1. Microfinance Institutions 

2. Non-Governmental Organizations 

3. Self Help Groups 

 Naveen Kolloju(2014) reveals Business Correspondent Model has directed towards strengthening and deepening the 

association between financial institutions and unbanked rural people. S.Dhanalakshmi, Dr.J.Senthilvelmurugan(2015) analyzed 

various delivery model suitable for unbanked low income rural people. The effective delivery models for unbanked areas are opening 

banking outlets, Business Correspondent model, bank led model, Kisan Credit Cards & General purpose credit cards, Self ï Help 

Group and Bank Linkage program for financial inclusion. Arup Mukherjee & Sabyasachi Chakraborty(2012) examined that role of 

institutions namely Regional Rural Banks(RRB), Self- Help Groups(SHGs), Cooperative Banks, Joint liability groups and non- 

banking finance companies plays an important role in promoting financial inclusion. 

Shwetambara Sairam(2014), reviewed various cost effective delivery models followed by the banks across the whole world 

in order to provide profitable financial services for the rural customers. Business Correspondents (BCs) provides branchless banking 

to the rural customers from the unbanked areas. Microfinance Institutions, Non Governmental Organizations (NGOs), (MFIs) and 

other Civil Society Organizations (CSOs) play the role as mediators between the banks and the rural people for facilitating financial 

services. Business Correspondent (BCs)/Business Facilitators(BFs) acts as an agents of the banks to provide doorstep banking services 

for the rural people. 

2. Conceptual Framework Determining the Factors that Drives Financial Inclusion 

3.1 Demand Side Factors of Financial Inclusion 

3.1.1. Irregular Income 

Very low income and inconsistent flow of cash for the poor people are considered as a demand driven factors of financial 

inclusion (Barclays, 2014). Savita Shankar (2013) stated that financial capability is an important factor in a view of increasing 

complexity of financial products. Carmen Hoyo Martinez, Ximena Pena Hidalgo and David Tuesta (2013), analysed that variability of 

income is an important factor for the self exclusion of people from the rural areas. Aleksa Nenadovic and Pavle Golicin (2015) 

analyzed that irregular income of the poor people is a main cause for financial exclusion. Poor people from the most vulnerable groups 

in the society not only have low income but also they get an irregular income and various uncertainties in cash flows (FATF, 2011).  
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3.1.2. Lack of Trust 

Savita Shankar (2013) reveals that negative experiences or negative perception of financial institutions makes the rural 

people to get mistrust of banks and which in turn leads to self exclusion from the formal financial institutions. Lack of trust by the 

unbanked rural people on the formal financial institution is the main barrier of financial inclusion (Global Findex Database, 2012). 

Disparities in financial inclusion has caused due to the lack of trust among the rural people in the banking systems (Felix Huefner and 

Arpitha Bykere, 2015). Improper supervisory mechanism in financial institutions led to the loss of customer trust (Shilpa Aggarwal 

and Leora Klapper, 2013). 

3.1.3. Literacy Level 

Financial isolation of the rural people often results in lack of understanding, which in turn makes them to distance themselves 

from the formal financial institutions. Even though banks have some suitable financial products for the poor people, due to their lack 

of knowledge and literacy level makes them an incorrect understanding of the products and hence opposed to use them (Barclays, 

2014). Savita Shankar (2013) states that financial literacy is said to be one of the demand side factor which is a precondition for the 

first time users to access financial services. When financial Literacy was successfully delivered it creates a demand for financial 

services from the formal financial institutions which led to financial inclusion (Khadija Ali, Umer Khalid and Zahra Khalid, 2012). 

Lower the level of financial inclusion is highly associated with lower the level of financial literacy (OECD, 2008). 

3.1.4. High Cost 

An obstacles of financial inclusion from the demand driven factors are high transportation and opportunity cost for the rural 

people to bank with formal financial institutions (Barclays, 2014). Gadamsetty Sai Arun(2013), analyzed that people who lives in 

underdeveloped areas find it very difficult to reach nearest bank due to transportation cost and they lost their one day wages to reach 

the bank. Transaction cost is the barrier for the low income group household since they are more resource constrained (Amy Jensen 

Mowl and Camille Boudot, 2015). Low income group households either spends more time in travelling to the bank or spend high 

transaction cost for accessing financial services from the banks (Terri Friedline, 2016). 

 

3.1.5. Technology 

K.C.Chakrabarty (2012) stated out that the as the banking and payment space become increasing everywhere, the biggest 

challenge is to maintain the quality of security at the highest level in the financial sectors. Therefore the banks need to work on this 

regard in order to protect customers against fraudulences. Dr.V.Vimala (2015) reveals that banks can diverse services to customers 

with less man power through the introduction of IT related products in internet banking, electronic payments, security investments and 

information exchanges. Mihasonirina Andrianaivo and Kangni Kpodar (2010) stated that in order to improve the access to financial 

services for the households in rural areas and promote greater financial inclusion an appropriate framework and business environment 

should support a greater interaction between ICT and financial sector for addressing the challenges posed by mobile banking such as 

security concerns and compliance with Anti Money laundering rules. Gadamsetty Sai Arun(2013) narrate that the financial inclusion 

through ICT faces security challenges such as SMS spoofing attack, where the attacker send messages on network manipulating 

senderôs number. Virus attack software like Trojan Horses and Zeus are used to steal mobile transaction authentication number and 

Password. 

3.2. Supply Side Factors of Financial Inclusion 

3.2.1. Distance 

Distance of the bank branch to reach the rural people is a common barrier of the supply driven factors (Savita Shankar, 2013). 

The greatest barrier of financial inclusion to reach rural areas is the distance from the bank (The Global Findex Database, 2012). 

Distance continues to be a major issue since Business Correspondent provides doorstep financial services to the outreach areas. A 

reasonable distance from the bank branch should be 3-4 kilometers (Dr. Debashis Acharya, 2013). For opening a bank account to the 

rural people distance and travelling from the bank branch to the remote areas is considered as a greatest challenge for the financial 

institutions (Chinemba Samundengu, 2014). 
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3.2.2. Policy Regulations 

Savita Shankar (2013) analyzed that inability to provide documentation such as identity proof required by formal financial 

institutions is another frequently faced barrier. Banks are required by regulators to conduct sufficient identity checks before opening 

accounts. These regulations sometimes result in lack of access of genuine customers. Poor regulatory frameworks that reduces the 

quantity and quality of financial products and services that are accessible by the poor (Gilberto M. Llanto, 2015). Banks need to 

follow certain which was advised by Reserve Bank of India (RBI). This is again a barrier for the bank to target rural people for issuing 

checkbook, debit card for maintaining zero balance in their account (Minaxi Rani 2015). Current regulations advices Business 

Correspondent to settle the cash in the bank branches within 24 hours of transactions but, this may not be possible   due to the huge 

distance from the bank (Anupam Kishore, 2012). 

3.2.3. Inappropriate Products 

Savita Shankar (2013) narrated that lack of inappropriate products is an important supply side barrier. Certain terms and 

conditions of financial products like maintain minimum balance in the account and accounts closed by banks due to infrequency in use 

does not suit for the low income group people. Priya Naik (2013) illustrated that inappropriate products and processes are said to be a 

supply side constraints of financial inclusion. Banks and other financial services play an important role from supply side by providing 

access to basic financial services to the poor and disadvantage social group .Access to financial products are constrained by certain 

factors like lack of awareness about the products, the financial products are not convenient, flexible and low quality(Purvi Shah and 

Medha Dubhashi ,2015). The main reason for the financial exclusion from the supply side is documentation procedures and unsuitable 

financial products (Akhil Damodaran).  

3.2.4. Risk 

The banks bears risk due to the improper identification of customers and they use retail agents for money laundering or 

channel funding to terrorists (Nefa Chiteli, 2013). Anti-Money Laundering issues are regulated under the prevention of Money 

Laundering Act 2002. The law is applicable to both banks and financial institutions. For Banks, RBI has issued Know Your Customer 

(KYC) guidelines to categorize the customer into low, medium and high risk customers in order to adjust the identification 

requirements based on the risk category (CGAP, 2010). According to the guidelines of RBI Business Correspondent Model acts as 

intermediaries that bridges the gap between service seekers and service providers but, Banks and Business Correspondent are exposed 

to huge risk of cash management. This was the issue surfaced by both the regulators and the partner banks (Sonu Garg, Dr. Parul 

Agarwal, 2014).Out sourcing account opening and processing of retail transaction to inexperienced retail agents makes the banks 

difficult to observe and report doubtful transactions (Banking Policy & Regulatory Department, 2011) 

3.3. Innovative Delivery Channels for Financial Inclusion 

3.3.1. Business Correspondent Model 

In 2006 RBI has adopted the technology based bank agent bank model as an alternative banking structure for providing 

banking services for the rural people. The significant role of the model is to provide doorstep delivery of banking service for the 

people from underdeveloped sections in the society. This model is aided with the technology tools like biometric devices and point of 

sale hand held devices to facilitate financial services for the rural people in a transparent manner (Karmakar, 2009). Frost and Sullivan 

(2009) stated the Business Correspondent is the authorized agent to take transactions on behalf of the bank. Khan (2012) narrated that 

BCs can bride a gap between the service providers that is banks and service seekers (Rural Clients). Naveen Kolloju(2014) states that 

the features of the model is to identify the borrowers, collection and verification of the various loan applications, creating awareness 

about the various financial products and services available for the poor people, post ï sanction monitoring and collection of small 

value loans & deposits. The RBI guidelines strictly instructed banks to ensure that BCs cannot charge any fees to the customer for the 

services on behalf of the bank (CGAP, 2012). 

Figure 3: Conceptual Framework 
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Source: Authors 

 

3.3.2. Self Help Group ï Bank Linkage Program 

Uma Narang(2012) stated that Self Help group is a group formed by 15- 20 members for covering various development 

programmes. This group helps for alleviation of poverty and women empowerment. Self Help Group Bank Linkage Programme was 

started in 1992 on the basis of the recommendation of S.K Kalia Committee in order to expand a credit flow of financial services for 

the rural people with an affordable transaction cost. Archana H. N (2013) stated that Self Help Group is a registered or unregistered 

group of micro entrepreneurs and the members of the group agree to save small amounts regularly to enhance their saving into a 

common fund and to meet their emergency needs based on the mutual help basis. The Self-Help Group (SHG)-Bank linkage model is 

said to be an innovative channel in which the banks can directly lend to SHGs. Louis Manohar(2015) reveals that the main advantage 

of Self-Help Group (SHG)-Bank linkage program is to improve the economic condition by making them to access financial services 

without any collateral security. Dey.S, Nath. L & Kalita, P (2014) narrated that repayment of the loan amount is a critical factor that 

has a greater impact of Self-Help Group (SHG)-Bank linkage programme. The sustainability and success of Self-Help Group (SHG)-

Bank linkage programme is highly influenced by the loan amount, frequency of availability, affordability and the repayment capacity 

of SHGs. 

3.3.3. Microfinance Institutions 

Savita Shankar (2013) examined that Microfinance Institutions has reduced many barriers and constraints of financial 

inclusion. Penetration of microfinance institution has taken some areas which were neglected by the banking sectors and they 

suggested policy incentives to encourage expansion to those neglected areas. Dr. Christabell. P. J and Vimal Raj. A (2012) examined 

that The Womenôs Self Help Group movement is bringing a transformation in rural areas of India. Microfinance Institutions (MFIs) 

play a significant role in facilitating inclusion, as they are uniquely positioned in reaching out to the rural poor. Jayati Ghosh (2013) 

examined that microfinance cannot be considered as a development some microfinance institutions are profit oriented and problematic 

therefore it must be regulated and subsidized for financial inclusion to actively pursue the rural poor. Naveen K. Shetty examined that 

in the post-microfinance large number of the member households are not only accessing the credit services, but also they are 

competent enough to access the savings, micro-insurance and other non-financial services. 

3.4. Implication of the Conceptual Model 
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From the model it is clear that there are certain demand and supply side factors that decrease the effectiveness of financial 

inclusion. The barriers of these factors were diminished by the innovative delivery channels like Business Correspondence Models, 

Self-Help Group Bank Linkage Programs and Microfinance Institution to elevate the financial inclusion in a transparent manner. As 

per the RBI guidelines banks directly approach Self Help Groups and Microfinance Institutions to lend money to the rural customers 

by engaging the Business Correspondents/Business Facilitators as intermediaries which is helpful for bridging the gap between the 

service providers (Banks) and service seekers (Rural Customers). This Innovative delivery channel helps the banks as well as the rural 

people to access financial services in a very low transaction cost and obtain adequate cash flow in a timely manner. 

4. Conclusion 

The government has taken several steps to promote financial inclusion. The innovative delivery channel is said to be the 

drivers of financial inclusion developed by the government helps in supporting the rural people to get an access for the financial 

services in a timely manner. But the rural people should be cultivated about the financial services and products by the officials of the 

bank to sustain their access in the formal financial institution. 
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Abstractð Concrete is a composite mix which is used for construction of Dams, Buildings, Bridges, Roads etc. due to rapid growth 

of population in many developing countries like India the problem occurring in scarcity of sand and this is increasing day by day with 

respect to development of country, so it is necessary to find the alternative material to sand. On the other side due to uncontrolled 

extraction of sand from river bed causes many adverse impact on the natural environment. At the same time fly ash is a solid residue 

generated from coal combustion in Thermal power plant. In India availability of fly ash has already exceeded 170 tones and it is likely 

to increase in future days at faster rate. The disposal of fly ash is also the problem in India. Fly ash can be used to replace the sand 

partially. In this study sand is replaced partially by the unprocessed fly and compressive strength of the same is checked.  

 

Keywordsð Concrete, Ordinary Portland Cement, Sand, Fly Ash, Replacement, Compressive Strength, Curing. 

INTRODUCTION 

 
Fine aggregate occupies about 25% to 40% of total volume of concrete and hence provides great opportunity to utilize about 150 kg 

per m
3
 waste materials like fly ash for replacement. The need of fly ash utilization also arises out of the fact that good quality Natural 

River sand required in concrete and in the cement mortar, is depleting day by day and scarcity of good quality sand is felt by all metro 

and mega cities in India. Also Natural sand is expensive due to high transportation cost from natural resources & due to large scale 

depletion of these resources creates environmental problem. Hence this study explores the possibility of replacing part of fine 

aggregate with fly ash and reducing the consumption of natural sand.  

 

SYSTEM DEVELOPMENTð  Materials used are as follows. 

The materials used in making the concrete are unprocessed fly ash as the source material, aggregate, cement and water. The type 

cement used is ordinary Portland cement of 53 grade. 

AGGREGATES 

Local aggregate 20 mm and 12.5mm are coarse aggregate in saturated surface dry condition, were used. The coarse aggregate were 

crushed ballast type aggregate which are found in Deccan trap region. The fineness modulus of combined aggregate was 4.81. These 

size fractions are combined in fixed proportion to maintain grading complying with as per IS650: 1991. 

SAND 

Locally available river sand is used as fine aggregate. The sand is sieved using sieves of sizes 4.75 mm, 2.36 mm, 1.18 mm, 600 

micron, 300 micron and 150 micron. The fineness modulus of combined aggregate was 3.43. 
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Table: Properties of Aggregates 

Properties C A I C A II FA(sand) 

Type Crushed angular Crushed angular Spherical (River sand) 

Maximum Size 20mm 12.5 mm 4.75 mm 

Specific Gravity 2.563 2.592 2.593 

Grading Confirming to  combination of 

CA-I : CA-II  65 : 35 

Confirming to grading 

zone-III                    

Material finer than 

75 micron 

Nil  Nil  1.30 % 

Water Absorption 0.59% 0.91% 1.87% 

Moisture Content Nil  Nil  Nil  

 

 MANUFACTURE OF TEST SPECIMENS 

 The concrete mix is prepared of proportion M (l: 1.5:3) as follows: 

 l) Material is taken on weight basis. 

2) First aggregate is weighted to nearest gram and placed in mixing tray then sand is  weighted and placed uniformly over aggregate. 

In the same way cement and fly ash is weighted and placed over mix of sand and aggregate. 

3) Water cement ratio taken is 0.45. Water is then measured accurately in measuring cylinder and is uniformly poured in the mixture 

of cement, sand and aggregate. Care should be taken that uniformly mixing should be carried out and have uniform color. 

4) When unprocessed fly ash is used in the mix it is taken on volume basis. 

COMPRESSIVE STRENGTH TEST 

 SIZE OF TEST SPECIMEN-Test specimen cubical in shape shall be 15x15x15cm. The mould shall be 150mm size. In 

assembling the mould for use, the joints between the sections of mould shall be thinly coated with mould oil and a similar coating of 

mould oil shall be applied between the contact surfaces of the bottom of the mould and the base plate in order to ensure that no water 

escapes during the filling. The interior surfaces of the assembled mould shall be thinly coated with mould oil to prevent adhesion of 

the concrete. 

COMPACTION -The test specimens shall be made as soon as practicable after mixing, and in such a way as to produce full 

compaction of the concrete with neither segregation nor excessive laitance. The concrete shall be filled into the mould in layers 

approximately      5 cm deep. In placing each scoopful of concrete, the scoop shall be moved around the top edge of the mould as the 

concrete slides from it, in order to ensure a symmetrical distribution of the concrete within the mould. Each layer shall be compacted 

by hand. When compacting by hand, the tamping bar shall be used and the strokes of the bar shall be distributed in a uniform manner 

over the cross-section of the mould. The number of strokes per layer required to produce specified conditions for cubical specimens, in 

no case shall the concrete be subjected to less than 35 strokes per layer for 15 cm cubes. After the top layer has been compacted, the 

surface of the concrete shall be finished level with the top of the mould, using a trowel, and covered with a metal plate to prevent 
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evaporation.  

CURING-The test specimens shall be stored in the laboratory at a place free from vibration, under damp matting, for 24 hours ± ½ 

hour from the time of adding the water to the other ingredients. The temperature of the place of storage shall be maintained within the 

range of 22° to 32°C. After the period of 24 hours, they shall be marked for later identification, removed from the moulds and, unless 

required for testing within 24 hours, stored in clean water at a temperature of 24° to 30°C until they are transported to the testing.  

TESTING-Tests shall be made at the 3, 7 & 28dayôs ages of the specimen. At least three specimens shall be made for testing at each 

selected age. 

PROCEDURE-Specimens stored in water shall be tested immediately on removal from the water and while they are still in the wet 

condition. Surface water and grit shall be wiped off the specimens and any projecting fins removed. The bearing surfaces of the testing 

machine shall be wiped clean and any loose sand or other material removed from the surfaces of the specimen which are to be in 

contact with the compression platens. In the case of cubes, the specimen shall be placed in the machine in such a manner that the load 

shall be applied to opposite sides of the cubes as cast, that is, not to the top and bottom. The axis of the specimen shall be carefully 

aligned with the centre of thrust of the spherically seated platen. No packing shall be used between the faces of the test specimen and 

the steel platen of the testing machine. The load shall be applied without shock and increased continuously at a rate of approximately 

140 kg/sq cm/min until the resistance of the specimen to the increasing load breaks down and no greater load can be sustained. The 

maximum load applied to the specimen shall then be recorded and the appearance of the concrete shall be noted.The measured 

compressive strength of the specimen shall be calculated by dividing the maximum load applied to the specimen during the test by the 

cross-sectional area, calculated from the mean dimensions of the section (150X150X150mm) and shall be expressed to the nearest N 

per sq mm. Average of three values shall be taken as the representative of the batch provided.  

 

RESULT- The details are given below 
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CONCLUSION 

The conclusions drawn are summarized as follows, 
1. Compressive strength of concrete could be slightly increases up to 10% replacement of sand by unprocessed fly ash and later 

decreases as a percentage of unprocessed fly ash in concrete increases. 

2. The maximum compressive strength of concrete could be occur when 10%  sand was replaced by unprocessed fly ash. 
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Abstract- The nodes in mobile ad hoc networks communicate wirelessly with each other. The basic function the nodes need to 

perform is to find path from source to destination node for which the nodes have to broadcast the route request messages. Such 

mechanisms cause lot of energy to be consumed on the part of the nodes. The following paper presents various energy efficient 

techniques or protocols that have been implemented or studied by various authors in the past. 

Keywordsð MANET, Energy efficient, Broadcasting, Routing overhead, M-AODV, Throughput, Delay. 

Introduction  

Mobile Ad Hoc Networks (MANETs) are self-organizing, infrastructure less, reliable networks of mobile nodes connected through 

wireless links without any centralized controller. Each node can send and receive data, and also forward the unwanted traffic unrelated 

to its own use. In MANETs the nodes need to maintain their independence and to preserve its resources like battery power, network 

lifetime, bandwidth etc. The mobile nodes can also leave the network at any time. So they are suitable for many types of networks like 

Personal area network, disaster relief, military areas or when the infrastructure is damaged due to earthquakes, floods etc.  

Routing and Power Consumption is the main research issue for these type of networks and refers to discovering and maintaining paths 

between devices. Moreover, it involves selecting the best route where many routes are available. However, due to the freedom of 

movement of nodes, new routes need to be constantly recalculated. Most routing protocols use pure broadcasting to discover new 

routes, which takes up a substantial amount of bandwidth. Intelligent rebroadcasting reduces these overheads by calculating the 

usefulness of a rebroadcast, and the likelihood of message collisions. Unfortunately, this introduces latency and parts of the network 

may become unreachable. 
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In MANETS the mobile nodes are connected by multi-hop without any infrastructure requirement. The main aim of the MANETs is to 

provide robust and efficient operation in mobile environments. In ad-hoc networks all the mobile nodes are dynamically connected in 

an arbitrary manner. Nodes in such network maintain their own routes to other nodes in the network. Examples like in search and 

rescue operations, meetings and in defence services. 

Related Works 

[1] Thomas Chowdhury et.al proposed this paper which gives a new idea to find out many node-disjoint routing paths. This extended 

AODV balances energy and traffic overhead on full network to increment the network lifetime. The proposed method in this paper 

increase the performance of AODV by taking the advantage of different routes that can be occurred within route discovery process. 

This multipath routing effectively decreases the frequency of route discovery therefore the latency for finding another path is reduced 

when presently used path is broken. This research paper also represents a idea for discovering full node-disjoint routes within a pair of 

hubs/nodes in an on-demand manner. This method uses the same approach of AODV protocol which is accepted all over, but the 

memory storage is increased as the different routes are stored. The comparison has been done between the AODV and new method for 

instance Maximum Multipath AODV also known as (MM-AODV) which shows the better results as compared to AODV in case of 

packet delivery ratio with low energy consumption and routing overhead. 

[2] Gopinath.S1 et.al concentrates on the objective of proposed protocol to find the minimum power-limitation path. The decision of 

minimum power limitation routes is taken by the node which has less energy from all the nodes in that path. So, this minimum power 

limitation route has more energy as compared to the minimum node energy in other path. Researchers also give a more accurate idea 

to track the energy consumption because of various factors, and enhance the performance during route discovery and in mobility 

scenarios. The proposed protocol is evaluated with NS2 simulator. Simulation results shows that the ODBEERP achieves good 

throughput, less delay, high packet delivery ratio and good energy efficiency than the existing protocol PEER. 

[3] Hassanali Nasehi et.al has proposed an algorithm in this research to find out the different paths between source and destination 

nodes by the use of Omni directional antennas, to send or carry information through these antennas. So, for this method, the number of 

active neighbours is counted in each direction by using a strategy. These methods help to select the paths. The new approach is 

depends upon AODV routing algorithm, and at the end the comparison has been done with the multipath routing protocols like 

AOMDV, AODVM and IZM-DSR which are based on the AODV and DSR Protocols. The obtained simulation results show that by 

using this new algorithm, it creates a significant improvement in energy efficiency and reducing end-to-end delay.  

[4] In this paper Sunsook Jung taken the energy constrained routing protocols and load balancing methods to improve the MANETs 

Routing protocols and energy efficiency protocols. Researcher gives a new routing protocol that used the adaptive load balancing 

method to the MANET routing protocols with node caching improvement. With limited power supply the researcher evaluate the new 

application of energy efficiency metrics to MANETs. This paper includes the New energy efficient AODV-based node caching 

routing protocol with adaptive workload balancing (AODV-NC-WLB, New application of energy efficiency metrics to MANET 

routing protocols; and An implementation and simulation work in NS-2 of energy efficient AODV-NC-WLB having  improvement in 

throughput, overhead, delivery ratio and delay over the standard AODV for high mobility scenarios. 
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[5] Chansu Yu et.al. surveys this article and classified the energy-aware routing protocols proposed for Mobile ad hoc networks. They 

decrease the energy of the active communication required to send or receive packets or when the node remains idle not doing any 

work then the inactive energy is consumed but it listens to the network for any possible communication request from other nodes. 

Transmission power control technique and load distribution technique belong to the active communication, and sleep/power-down 

mode technique belongs to the inactive communication where the node stays idle. While it is not clear that whether any particular 

algorithm or a group of algorithms is the best for all scenarios, each protocol has its advantages/disadvantages and is well suited for 

certain situations or scenarios. The main purpose of this paper is to facilitate the research efforts in collaborating the previous 

solutions to grant a more energy efficient routing mechanism. 

 [6] In this paper Aarti Singh et.al. Discusses MANETs are typically required the battery power which is the limited source of energy 

and it is not easily replaced of recharged on the way. Therefore, battery power consumption becomes man issue and this lack of power 

with nodes which leads to nodeôs selfish behaviour among nodes in case of commercial MANET. This work provides an in depth 

analysis of literature for routing protocols in MANETs and their effect on selfish behaviour of nodes. 

[7] In this research paper Methaq jasam et.al. represents a comparison and evaluation study of Reactive routing protocols; Ad Hoc On-

Demand Distance Vector Routing (AODV), Proactive routing protocols; routing information protocol (RIP2) and Position-based 

routing protocol; Location- Aided Routing (LAR1). And the evaluation of their performance was based on energy consumption 

metric. The evaluation has been done using the simulator QualNet v5.1. The results of this research paper shows that the AODV has 

the better performance in energy consumption in the most scenarios. In this paper, the work has been done on the three routing 

protocols that are AODV, RIP2, and LAR1 in terms of energy consumption which are based on four different scenarios. AODV 

protocol is analysed or evaluated as the best choice in most of the scenarios compared to the RIPv2 and LAR1 protocols. While LAR1 

shows better performance than AODV in static motion as the pause time increase in the fourth scenario. In the other way, AODV 

shows better performance than RIPv2 in all the scenarios. This is because of AODV as reactive protocol does not need to maintain 

route to the destination if there is no data to send. 

[8] In this paper the researcher Junaid A. Khan et.al. discusses that  Mobile Ad Hoc networks are self-organizing without any 

centralized authority or base station and use multi-hop routing for sending the data from a source node to its destination node. To 

make MANETs a multi-hop routing technique it needs a routing protocol. Researchers taken the load balancing approach that can 

enhance the overall communication performance in a network. The researcher also present the better performance for the adopted 

protocol i.e. Energy Efficient Load Balanced (EFLBAODV) and compared it to the old existing reactive routing protocol Ad Hoc on 

Demand Distance Vector (AODV) therefore it using the load balancing approach to improve the node to node communication in the 

network.  Also this new protocol is energy efficient as it consumes the less energy and reduced the communication time and 

communication overhead. The performance metrics like route discovery time, route errors, MAC delay, network load, end-to-end 

delay and throughput have been taken to evaluate the overall performance of the network. 

[9] In this paper the researcher Suvarna P. Bhatsangave et.al. Discusses how energy or battery power is one of the main issue in 

MANETs. In this paper researcher proposed an Energy efficient AODV routing protocol. This paper represents an Optimized Mobile 

Ad Hoc Network on Demand routing protocol, which changes the broadcast mechanism of AODV routing protocol. AODV has two 

main processes that is route request and route reply and for successful delivery of the packets the RREP i.e. route reply is the 

important in MANETs. If route reply is lost, new path has to be discovers and route request has to be initiated again. OAODV ignores 

un-necessary sending of Route request. In this proposed technique, the node doesnôt have to broadcast the route request (RREQ) again 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƗȮɯ,Èà-)ÜÕÌȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

54                                                                                                   www.ijergs.org   

to find the path if it does not have sufficient battery power and until the node density in its surrounding increased a particular threshold 

value. At last the comparison has been done between the AODV and OAODV in case of battery lifetime and throughput and the 

results shows that the OAODV is much better than the AODV and maximize the battery lifetime. 

[10] In this paper Anu Kumari et.al. proposed a energy-efficient routing protocol Ad hoc On Demand Distance Vector Multipoint 

Relay Routing Protocol (AODVMPR) which gives efficient energy to the MANET.. AODVMPR is used to overcome the limitation of 

energy and the looping problem in a single routing protocol. This protocol helps to improve the performance of the network and traffic 

load also. The protocol which is used is AODV and with AODV Multipoint Relay Routing Protocol has been used which minimize 

the flooding of the control packets. In MPR every mobile node has calculated as a multipoint relay group. The nose which is out of the 

MPR group that cannot be transmit or broadcast the message. At last the AODVMPR shows the better performance because it 

increases the battery lifetime and it also improves the efficiency and QoS. And with this technique the congestion has also been 

improved. 

[11]In this paper the authors May Cho Aye and Aye Moe Aung says energy consumption is an important issue in wireless networks 

because mobile nodes are battery powered. In order to maximize the battery power lifetime of these networks, it is the main issue to 

minimize the usage of energy of the nodes. In this paper, researchers proposed a new energy efficient multipath routing protocol for 

selecting energy efficient route. This proposed technique also take into consideration the residual energy and transmission power of 

the hubs or devices as the performance metrics in order to increase or maximize the battery power and to minimize the energy usage 

of the mobile devices. The main goal of this proposed technique is to discover a best route based on two energy metrics mentioned 

above while selecting a path to transmit data packets. The simulator that has been used is the NS2.34 and the results with performance 

metrics for instance the residual energy and transmission power of the nodes shows that the proposed technique is better than the 

traditional techniques and enhance the lifetime of the network and also improves the performance of the network. 

[12] The researchers of this paper Sarabjeet Kaur et.al. Discusses that there are many kinds of restrictions in MANETs. The biggest 

issue is the battery lifetime i.e. the power consumption of the mobile nodes for which an energy efficient protocol has to be made so 

that the less power should be used and the network lifetime must be increased. Power of the mobile devices is used wile transmitting 

the data from one device to another device. This proposed method utilize the energy sharing technique in multi-hop mobile ad hoc 

networks to increase the efficiency & lifetime of the mobile nodes. They also discuss that the metrics like response time and 

throughput is also increases when traffic on the network increases. Therefore the main aim of this proposed method is to reduce the 

response time and increases the power and throughput of the mobile nodes within the network.   

 

[13] In this paper author Shadi S. Basurra et.al worked on the Zone based Routing protocol with Parallel Collision Guided 

Broadcasting Protocol (ZCG) that uses parallel and distributed broadcasting methods to decrease duplicate broadcasting and to 

accelerate the route discovery process, while balancing a high reach ability ratio as well as the node energy consumption must be low. 

The reliable leaders led the network which is distributed in zones that are mostly static and have full battery resources by the use of 

ZCG which uses single hop clustering algorithm. The performance of the ZCG protocol is compared with the other routing protocol 

named as AODV and DSR which gives the results that the ZCG performs good under many circumstances. 

[14] Rahul S.Kale et.al. the researchers of this paper elaborate the limitations and benefits of the existing energy efficient routing 

protocols in mobile ad hoc networks. There are many important issues in MANET like link failure, power failure of node, limited 
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bandwidth, and limited transmission power and to come over from these issues the energy efficient routing protocols has become an 

important research issue. To improve battery power or network lifetime, maintaining energy is the main objective in these networks. 

In this paper, the researchers elaborate the different energy efficient routing protocols which were proposed to sort out the issue of 

energy consumption of routing nodes in MANET. This paper surveys the various energy efficient protocols and provides parameter 

wise study of the existing protocols. And the protocols are also compared to provide an overview of the recent technique in this area.  

[15] In this paper the authors Getsy S Sara et.al. surveys the few energy efficient routing protocols for MANET reviewed their 

performance and compared them. There are two types of communications that are active or inactive. In active communication the 

energy is consumed while transmitting or receiving the packets and in Inactive communication the energy is minimized when the 

nodes are idle but they still consumes the energy. There are many proposed techniques related to energy efficient routing protocols 

and mostly the enhanced work has been done to improve the performance of the existing energy efficient routing protocols. The main 

objective of this paper is to facilitate the research efforts in grouping the existing techniques to offer a more energy efficient routing 

techniques. 
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Conclusion 

In this paper we have analyzed various existing approaches in mobile ad hoc networks that focus on reducing the energy consumption 

of the nodes. In future we would further like to expand our research and improve the lifetime of the networks and other quality of 

service related parameters such as throughput and packet delivery ratio.   
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Abstractð Suspension System of an All-Terrain Vehicles is mainly distinguished from an On-Road Commercial Vehicles in terms 

of its all-terrain capability due to its large travel and Ride Quality; also it has to face various ground conditions such as mud, ice, 

rocks, bumpy tracks etc. Hence it needs to be Robust enough to sustain in such frequently occurring Undulations. Suspension systems 

of commercial vehicles are designed considering normal road conditions. While designing suspension system of an ATV, various 

terrain conditions have to take into consideration. This paper gives the review of suspension systems for ATV. 
 

Keywordsð ATV (all-terrain vehicle), Camber, Kinematics, Kinetics, Roll centre, Suspension System.   

INTRODUCTION 

An ATV (All -Terrain Vehicle) also is a vehicle that rides on low pressure tires with large wheel travel unlike On-road commercial 

vehicles. As the name implies, it is designed to tackle various kinds of terrain that Mother Nature has created. Suspension system is an 

integral part of any vehicle as it provides stability, safety and comfort. The suspension system can be considered as a muscle of 

vehicle due to its strength and flexibility. The main objective of providing suspension system is to provide comfort by isolating 

passengers from the shocks transmitted through irregular ground surface, maintain traction on all terrains and also to enhance the ride 

quality of vehicle [1]. It must also keep the tires in contact with the road, regardless of road surface. The suspension system comprises 

of two components viz. linkages and shock absorber. The linkages define the path traced by wheel with respect to chassis, during its 

travel on irregular surfaces. The shock absorber as the name suggests damps the impact of shocks and vibration transmitted through 

ground surface which in-turn prevent discomfort to the driver and passenger. The purpose of this paper is to give review about basic 

fundamentals of suspension system. 

Types of Suspension System 

 
The suspension system is classified into two main types [1]-  

¶ Dependent Suspension System. 

¶ Independent Suspension System. 

Dependent Suspension System 

 
This type of suspension system acts as a solid link between two wheels such that any movement of one wheel is transmitted to the 

other wheel. Also, the force is transmitted from one wheel to the other. Dependent suspension system is not suitable for ATVs where 

motion of the two wheels is needed to be independent. 

Following are the examples of dependent suspension system- 

1. Leaf Spring Suspension. 

Used in Heavy duty vehicles (trucks, bus, etc.) 

2. Push and pull rod Suspension. 

Used in F1 cars. 

3. Anti-Roll Bar Suspension. 

Used in passenger and luxury vehicles. 

Independent Suspension System 

 
This type of suspension allows the wheel to travel without affecting the motion of opposite wheel. This is widely used suspension 

system in passenger cars, luxury cars and ATVs because of its advantages over dependent suspension system.  

Following are the examples of independent suspension system- 

1. Macpherson Suspension. 

Used in front suspension of most of the commercial cars. 
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2. Double Wishbone Suspension. 

Used in ATVs. 

3. Trailing Arm Suspension. 

Used in rear suspension of most of the commercial cars. 

Suspension Kinematics 

 
Suspension Kinematics describes the orientation of tire as a function of wheel travel and steering angle [5]. The motions of the tire are 

highly dependent on type of suspension.  

Several parameters are considered while designing kinematic characteristics:- 

1. Wheel base, wheel track 

2. Wheel Alignment 

3. Rolling characteristics 

4. Anti-properties. 

Wheel base 

The wheel base is a distance between the front and the rear axle of the vehicle. Larger the wheel base lesser the pitching tendency of 

vehicle and vice versa. Wheel base influences the frequencies of front and the rear suspension according to óOlleyôs criteriaô [4]. 

 

Wheel Track 
 

The wheel track is a measure of the distance between the centre of the tire contact patches at the front and rear of the vehicle when 

viewed from front. The wheel track changes with wheels travel through the suspension travel. Wheel track directly relates with the 

rolling of the vehicle, higher the wheel track lesser is the rolling of the vehicle and vice versa [4].  

 

Roll Centre (RC)  

 
Roll centre is the point in the lateral plane of vehicle about which the vehicle rolls. There are two roll centers in vehicle, one at front 

suspension and other at rear. The line joining both the RCs is called roll axis. During cornering the load transfer takes place about roll 

axis. The roll moment depends on the location of RC and Centre of Gravity (CG). The RC is located centrally in lateral direction. 

Thus while designing suspension only vertical position of RC with respect to CG is considered. The orientation of roll axis contributes 

to the over-steering and under-steering of vehicle [2]. 

 

Camber Gain 

 
During cornering it is the normal tendency of outer tires to have a positive camber and inner tires to have negative camber. This 

increases the vehicleôs rolling tendency. Thus suspension geometry is designed in such a way that during cornering when weight is 

transferred to outer wheel, the suspension compresses and achieves a small negative camber and compensates positive camber during 

cornering and provides vehicle stability [2].  The opposite condition will happen at the inner wheel. 

 

Anti -properties 
 

The path of wheel as a function of suspension travel in longitudinal plane determines the anti-property of suspension. 

Anti-dive geometry reduces the pitching tendency of vehicle while braking thus reducing diving tendency of vehicle. Anti-squat 

geometry reduces the pitching tendency of vehicle while acceleration thus reducing squatting tendency of vehicle [6].  

 

Suspension Kinetics 
 

Suspension kinetics influences the performance of suspension while vehicle is in motion. Kinetics takes into consideration the mass of 

vehicle, driving force, braking force and the reaction forces coming from irregular ground surfaces. It also determines the ability of 

suspension to absorb shocks, driver comfort and ride quality of vehicle [5]. 

While designing suspension system following Suspension Kinetics characteristics are considered, 

1. Ride Height 

2. Motion Ratio 

3. Spring Rate 

4. Sprung and unsprung mass 
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Ride Height 
 

Ride height is the distance between lowest part of sprung mass of vehicle and the ground when vehicle is loaded with passengers [2]. 

For an ATV it is necessary to have enough ride height to prevent vehicle body from any damage due to rough terrain. Eg. Rocks. 

 

Motion Ratio 

 
The motion ratio is the amount of spring travel per unit wheel travel [3]. It is always less than or equal to 1. 

 
Spring Rate 

 
Spring rate is the force per unit deflection of spring. This is one of the integral properties of suspension as it deals with its shock 

absorption capacity. 

 

Sprung and Unsprung Mass 

 
The mass of the vehicle supported by shock absorber is called sprung mass [3].  

Eg. Frame, Engine, Powertrain etc.  

The mass of the vehicle not supported by shock absorber is called Unsprung mass [3].  

Eg. Wheels, Tyres, Hubs etc.  

For having good suspension it is desired to have maximum sprung mass and minimum unsprung mass so as to minimize the 

vibrations transferring from ground. 

CONCLUSION 

From the above literature survey we studied all the parameters contributing to the design of suspension system for an automobile. For 

an ATV the values of such properties vary from commercial vehicles. Thus taking into consideration all the parameters and assuming 

some data the designing of suspension system for an ATV was initiated. 
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Abstractð A new technique of measuring the densities of solvents and solutions by using magnetic float densitometer has been given 

.The densitometer works on the electrostatic attraction of force developed by the passage of current through a solenoid. Using this 

technique, the densities (ɟoôs) of NMF-DMF mixtures at 0, 25, 50, 75, and 100% NMF in DMF (v/v) and those of solution (ɟs
ô
s) of 

some tetra alkyl ammonium iodide salts namely Et4NI, Pr4NI, Bu4NI and  Pen4NI have been determined experimentally by magnetic 

float densitometer at 25 
0
C. The apparent molar volumes (◖v) have been calculated from density data and a graph is plotted against ãC. 

The slopes, (Sv) of these curves show that in low dielectric constant (ⱦ) medium all the four tetra alkyl ammonium salts have positive 

slope. But as the dielectric constant (ⱦ) of the solvent medium is increased by adding NMF in DMF, each of the four electrolytes has 

negative slope. Such type of changes occurs due to the presence of specific molecular interactions between electrolyte ions and solvent 

molecules which are responsible for the stability of molecular structure and causes change in the thermo-dynamical properties. It has 

been explained on the basis of dielectric constant of the mixture, size and charge density of the electrolyte ion.  

 

Keywordsð Magnetic Float Densitometer, Apparent molar volume (◖v), Dielectric constant (ⱦ), N-methyl Formamide, Dimethyl 

Formamide, Tetra alkyl ammonium iodide salts, molecular interactions.     

INTRODUCTION 

The study of apparent molar volumes (◖v) 
[1, 9, 14, & 19]

 of tetra alkyl ammonium salts R4NX in water
 
and in non-aqueous solvent 

mixtures, eg. Formamide, N-methyl Acetamide (NMA),N-methyl Propionamide (NMP), Dimethyl Sulphoxide (DMSO) and 

Propylene Carbonate (PC)
 
shows that the slope Sv of apparent molal volume, (◖v) Vs ãC varies with solvent to solvent and also show 

positive as well as negative slope Sv ï values for having low and high dielectric constant (ⱦ) of the medium respectively. There are 

various non- aqueous solvents with water as one of the constituent were also used by the scientists to prepare solutions of R4NX salts 

as Aqueous-Non-aqueous mixtures and then verifying the Massonôs equation by using apparent molar volume (◖v) data. The dielectric 

Constant of the medium was changed by adding, water to the non-aqueous solvent gradually.
[13, 14] 

The results of these workers 

indicate that there seems to be an effect of dielectric of the combinations of two non- aqueous liquids giving the solvent mixtures of 

varying dielectric constants using R4NI salts as solutes. But no one has carried out a systematic study covering entire range (lower to 

higher) of dielectric constant (ⱦ) of the medium. It seemed interesting for us to examine the problem of change of slope Sv, with 

dielectric constant of the medium by selecting such combination of liquid which can cover the lowest to highest value dielectric 

constant
 [11]

 and also whose density values fit in according to our magnetic float densitometer 
[10] 

requirement. This may perhaps throw 

a light on the effect of dielectric constant (ⱦ) on the variation of the slope, Sv ï values. Such combination of liquid mixtures (DMSO-

Dioxane system) giving the lower to medium dielectric range [ⱦ = 10.75 to 46.5] and the other combination, NMF- t-butanol Mixtures, 
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covering medium to high dielectric constant range [ⱦ = 46.00 to 182.4] have already been studied. This Paper includes a system of two 

liquids namely NMF-DMF mixtures, which suits us according to needs and requirement of our Magnetic Float Densitometer. This 

system also covers medium to high dielectric constant range [ⱦ = 36.7 to 182.40] of the liquid mixtures for our study. The Magnetic 

Float Densitometer can be operated with those liquids or liquid mixtures whose density is greater than the density of the magnetic 

float (that is it should be greater than 0.940010 g/ml).The density coverage of the selected system (NMF-DMF system) from 0% DMF 

to 100% DMF is from 0.944000 to 1.011006 g/ml. In this paper R4NI salts (R= Et, Pr, Bu, Pen) are studied in NMF-DMF mixtures at 

varying compositions from the point of view of apparent molar (ūv) using Magnetic Float Densitometer. 

 

MATERIAL  AND METHODS  

Dimethyl Formamide (DMF), after drying on freshly ignited quicklime, was purified by repeated vacuum distillation. The specific 

conductance of this sample was of the order of 10
-7 

mhos cm
-1
. N-methyl Formamide [commercial grade, glaxo] was purified by 

azeotropic distillation with benzene. There are four tetra alkyl ammonium iodide salts, Et4NI, Pr4NI, Bu4NI and Pen4NI, which were 

used in the present investigation were purified by the method of Conway et al. Due to solubility restrictions Me4NI salt was excluded 

from our present investigation. N-methy1 Formamide was gradually mixed with Di-methyl Formamide to get 0, 25, 50, 75 and 100% 

NMF in DMF (v/v). The dielectric constants (ⱦ) of these solvent mixtures were not found to be reported in the literature. Therefore 

these were determined graphically by assuming the linear relationship between the dielectric constant (ⱦ) and the composition. A 

graph was plotted between dielectric constant and composition of solvent mixture .The values of dielectric constants of 0, 25, 50, 75, 

and 100% NMF in DMF (v/v) mixtures, are computed from the graph. The values of dielectric constant (ⱦ) are 36.7, 73.0, 109.5, 146.0 

and 182.4 respectively. 

 

Table 1: Estimated values of dielectric constants (ⱦ) of the NMF+DMF Mixtures obtained from graph at 25
0
C 

 

 

 

 

 

 

 

 

 

 

These solvent mixtures were used for making solutions of tetra alkyl ammonium salts. First of all the densities of 0, 25, 50, 75, and 

100% NMF in DMF (v/v) mixtures were determined by Magnetic Float Densitometer at 25
0
C. For this, the solvent mixture was taken 

in the solution container. The weights were added to the float so that it just touched the solution container. Then the current was 

passed in the pull down solenoid and then in the main solenoid by operating the circuit in proper sequential steps, ie by selecting push 

button no. 3 in top section; push button no. 2 in the battery section and then sequentially push button 1, 2 and 3 turn by turn in middle 

section of circuit. The observations were taken for weight ówô and corresponding hold down current óIô, when the float touch the 

button of the solution container .For getting this equilibrium condition, the resistance bridge was also adjusted accordingly. Thus 

different observations were taken for ówô and corresponding value óIô for each solvent mixture was recorded in a table 2. Then ɟ value 

Sr. No. Composition of NMF  

in DMF (v/v)  

Dielectric constant, 

(ⱦ) 

1 0% NMF 36.7 

2 25% NMF 73.0 

3 50% NMF 109.5 

4 75% NMF 146.0 

5 100% NMF 182.4 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƗȮɯ,Èà-)ÜÕÌȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

62                                                                                                   www.ijergs.org   

was calculated at 25
0
C for each solvent mixture by using formula, ɟ0 = (W + w + f Ĭ I) / (V + w/ɟpt) 

[10]. 
Thus calculated ɟ0ôs were 

given in table 2. 

  

Figure1: Graph plotted between dielectric constant (ⱦ) and % compositions of NMF in DMF solvent. 

 

Table 2: Estimated values of densities (ɟ0ôs) of pure solvent mixtures at 25
0
C 

 

 

 

 

 

 

 

 

 

RESULT AND DISCUSSION  

The curves from Figure.2 of apparent molar volume ◖v v/s ãC for Et4NI, Pr4NI, Bu4NI and Pen4NI electrolytes are straight lines for the 

entire concentration range (0.002M ï 0.026M) studied. Therefore Massonôs equation   ◖v = ◖vǓ + Sv ãC
 [2, 3 12]

 is valid for these 

electrolytes in DMF - NMF solvent mixtures also. Fig. 2 shows that ◖v v/s ãC curves have positive slope in 0% NMF in DMF (i.e. in 

pure DMF) for all the above four electrolytes. The apparent molar volume (◖v) increases with increase in electrolytes concentration 

and the density of Solutions also increases in each case as is evident from tables 3 to 6. Though the slope of each curve is positive yet 

it gradually decreases from Et4NI to Pen4NI. The value of apparent molar volume (◖v) is greater for a molecule of larger size than the 
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Sr. No. % Composition (v/v) 

of NMF in DMF  

W 

(g) 

I  

(mA) 

ɟ0 

(g/ml) 

1. 0% NMF 0.200 83.5 0.944000 

2. 25% NMF 1.600 106.8 0.960700 

3. 50% NMF 2.800 255 0.977549 

4. 75% NMF 4.600 36.3 0.994000 

5. 100% NMF 6.000 79.0 1.011006 
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preceding one at a definite concentration. 
[4, 5, 6, 7, 8]

 The slope Sv becomes negative as we mix 25 % NMF in DMF (ɟ0 = 0.960700, ⱦ = 

73.0), that is, if dielectric constant (ⱦ) of the medium is increased from ⱦ = 36.7 to ⱦ =73.0 by adding N-Methyl Formamide.  

Table 3: Estimated values of weight (w), used, current (I), passing in the circuit and the corresponding values of ὲV 

For 75% NMF in DMF Et 4NI salt solution at 25
0
C 

 

 

 

 

 

 

 

 

 

 

Table 4: Estimated values of weight (w), used, current (I), passing in the circuit and the corresponding values of ὲV 

For 75% NMF in DMF Pr 4NI salt solution at 25
0
C 

 

Sr. 

No. 

M 

(molarity)  

w 

(g) 

I  

(mA) 

ɟ 

(g ml
-1
) 

ãC 

mole
1/2

 dm
-3/2

 

ὲV 

dm
3
.mole

-1
×10

3 

1. 0.002 4.610 39.5 0.994179 0.045 225.12 

2. 0.006 4.620 54.0 0.994584 0.08 217.24 

3. 0.010 4.630 70.0 0.995018 0.10 212.75 

4. 0.014 4.640 87.0 0.995472 0.12 209.38 

5. 0.018 4.650 102.5 0.995896 0.13 209.19 

6. 0.022 4.660 122.5 0.996409 0.15 205.00 

7. 0.026 4.670 140.0 0.996873 0.16 203.99 

 

 

Table 5: Estimated values of weight (w), used, current (I), passing in the circuit and the corresponding values of ὲV 

For 75% NMF in DMF Bu 4NI salt solution at 25
0
C 

 

Sr. 

No. 

M 

(molarity)  

w 

(g) 

I  

(mA) 

ɟ 

(g ml
-1
) 

ãC 

mole
1/2

 dm
-3/2

 

ὲV 

dm
3
.mole

-1
×10

3 

1. 0.002 4.610 39.0 0.994169 0.045 286.60 

2. 0.006 4.620 53.0 0.994564 0.08 277.04 

Sr. 

No. 

M 

(molarity)  

w 

(g) 

I  

(mA) 

ɟ 

(g ml
-1
) 

ãC 

mole
1/2

 dm
-3/2

 

ὲV 

dm
3
.mole

-1
×10

3 

1. 0.002 4.610 40.5 0.994199 0.045 158.61 

2. 0.006 4.620 57.0 0.994643 0.08 150.90 

3. 0.010 4.630 74.0 0.995097 0.10 148.35 

4. 0.014 4.640 92.0 0.995571 0.12 145.82 

5. 0.018 4.650 110.0 0.996045 0.13 144.42 

6. 0.022 4.660 130.0 0.996559 0.15 141.69 

7. 0.026 4.670 147.5 0.997022 0.16 141.78 
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3. 0.010 4.630 68.5 0.994988 0.10 272.21 

4. 0.014 4.640 85.5 0.995442 0.12 267.99 

5. 0.018 4.650 102.5 0.995896 0.13 265.64 

6. 0.022 4.660 122.5 0.996409 0.15 261.45 

7. 0.026 4.670 140.0 0.996873 0.16 260.44 

 

 

 

Table 6: Estimated values of weight (w), used, current (I), passing in the circuit and the corresponding values of ὲV 

For 75% NMF in DMF Pen4NI salt solution at 25
0
C 

 

Sr. 

No. 

M 

(molarity)  

w 

(g) 

I  

(mA) 

ɟ 

(g ml
-1
) 

ãC 

mole
1/2

 dm
-3/2

 

ὲV 

dm
3
.mole

-1
×10

3 

1. 0.002 4.610 39.5 0.994179 0.045 338.02 

2. 0.006 4.620 54.0 0.994584 0.08 330.14 

3. 0.010 4.630 70.0 0.995018 0.10 325.64 

4. 0.014 4.640 88.5 0.995501 0.12 320.20 

5. 0.018 4.650 105.5 0.995945 0.13 319.35 

6. 0.022 4.660 127.5 0.996509 0.15 313.32 

7. 0.026 4.670 150.0 0.997072 0.16 309.19 
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Figure 2: Graph plotted  between  apparent  molar volume (◖v)  and root of concentration (C
1/2

) of binary salt solutions 

(NMF + DMF + Salt). 

 

The slope of all the electrolytes remains negatives in next other three compositions of NMF and DMF i.e. in 50, 75 and 100 % NMF. 

The electrolytes have positive slope in fig. 20 but these electrolytes have negative slope in fig. 21. As we proceed from fig. 21 to 24, 

the negative value of slope goes on increasing ie, the lines become more and more steep. Each figure shows that the steepness is 

higher for Pen4NI than for Bu4NI and, in turn, it is higher for Bu4NI than Pr4NI and so on. Thus it increases Et4NI to Pen4NI in the 

order Et4NI < Pr4NI < Bu4NI < Pen4NI in a given solvent mixture having compositions 25% and more. In other wards if we look at the 

fig. 20 to 24 and see the nature of variation of slope from Et4 NI to Pen4NI in each solvent mixture (0, 25, 50, 75, and 100%, NMF in 

DMF). It decreases from smaller tetra alkyl ammonium ion  to larger tetra alkyl ammonium ion, (ie. The negative slope becomes more 

negative). Table LXXII clearly show that for each electrolyte, the slope goes on decreasing as the dielectric constant is increased, by 

adding NMF gradually to DMF. It also decreases from Et4NI TO Pen4NI for a definite composition of solvent mixture. The 

observations of fig. 20 and 21 reveal that the changeover of the slope from positive to negative takes place at somewhere between 0% 

and 25% NMF, that is, between the dielectric constant ⱦ = 36.7 and 73.0.      
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CONCLUSION 

The apparent molar volumes (◖v) are positive and large for all the tetraalkyl ammonium salts in all the % compositions of NMF in 

DMF solvent due to the presence of weak ionic interactions of the solvent molecule. Thus we conclude that the variation of slope Sv ï 

value from Et4NI (smaller in size) to Pen4NI (larger in size) shown in table no. 7. Table.7 clearly indicates that the Sv ï value goes on 

decreasing as the dielectric constant (ⱦ) is increased for each electrolyte, by adding NMF to DMF gradually to a definite % 

composition of solvent mixture. This observation confermed that the changeover of the slope from positive to negative takes place at 

somewhere between 0 % and 25 % NMF (ⱦ =36.7 to 73.0) 
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AbstractðProduction of cement is an exhausted, energy giving process. Manufacturing of certain tones of normal cement need 

about more tons of raw materials which includes all materials. This paper shows the efforts for developing a SCC mixes of having 

high performance of fly ash added with other mineral added such as Silica Fume and Ground Granulated Blast Furnace Slag 

(GGBFS). For replacing cement used materials are GGBFS, silica fume, fly ash etc. can make sure the required concrete physical and 

chemical properties. In this paper three trial mixes prepared and their physical and chemical properties are enhanced in their first state. 

In first mixes 50% cement of M50 mix are replaced by fly ash. In second mix adding 20% of GGBFS and 50% of fly ash replacing for 

cement. In third mix by adding 50% fly ash, 20% GGBFS and 5% of silica fume. Totally 700 kg/m
3
 cement content in all three mix. 

The result for the compressive strength, flexural strength shows better performance of all Self Compacting Concrete 

Keywordsð silica fume, fly ash, and Ground Granulated Blast Furnace Slag (GGBFS) 

INTRODUCTION 

Concrete is an important material used in most of the construction activities. There is a huge infrastructural insistent, all 

constructions must undergo a change in the country. The requirements of a normal concrete like high workability, good strength and 

more durability can be achieved by adding several mineral and chemical admixtures. Korean researcher has determined the CO2 

emission reductions by more volume of fly ash as a replaced for cement. 

 

 
Fig. 1. Fine aggregate Mix Gradation Diagram 

              

Fig. 2. Coarse aggregate Mix Gradation Diagram 

 

MATERIAL : Physical properties of materials are given below 

 

Cement: OPC 43 grade 
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Fine Aggregate: The specific gravity of river sand is 2.65 and fineness modulus is 3.11 

  

Coarse Aggregate: Specific gravity is 2.6 and FM is 6.9 and the size of the particle 9 to 22 mm 

 

Fly Ash: Fly ash collected from Ashtech (India) pvt. Ltd, Ashford center, Mumbai. The specific gravity of 3 and fineness of 1.24 

m
2
/g. 

 

GGBFS: TANCEM cement company. Ltd from Virudhunagar provided GGBFS, which has the specific gravity of 2.83 and fineness 

of 420 m
2
/kg. Table 1. Shows the chemical properties of GGBFS 

 

Silica Fume: From Guru Corporation, Ahmedabad silica fume is purchased. Specific gravity of 2.22 and fineness 20000 m
2
/kg. 

 

Table 1. Mineral ï Chemical Properties 

Properties Flyash GGBFS Silica fume 

SiO2 55.87  50.37  90.46 

TiO2 3.67  0.07 Nil  

Na2O  0.66  0.53 Nil  

CaO  0.8  12.84  Nil  

Fe2O3 2.83  0.25  Nil  

Al 2O3 31.82  25.27  7.89 

SO3 0.16  0.63  0.2 

MgO  2.36  9.43  Nil  

K2O  1.99  0.3  0.23 

 

 

Superplasticizer: A polycarboxylic which used commercially has a huge range of admixture. The optimal was obtained as 0.7% 

powder content by rheological apparatus. 

  

Mix Proportions:   
50% cement and 50% fly ash. ï F50 

30% cement ,20% GGBFS 50% and fly ash- F50G20 

25% cement 5% silica fume, 20% GGBFS and 50% fly ash ï F50G20S5 

 

Testing of Specimens: Cubes Size 150 * 150 * 150 mm are tested in UTM for compressive, flexural strengths at 7, 14, 28, 60, 90 

days of curing period. 100 * 100 * 500 mm size are tested for flexural strength, under two-point loading, after the curing period of 28 

days. For Rapid Chloride Penetration Test, the power passes through the specimen of diameter 100 mm and thickness of 50 mm, the 

test was done for 6 hours. 

Table 2. Mix design details in present study 

Mix  M50 

Mix design F50 F50G20 F50G20S5 

Fly ash, %  

Content, kg/m
3 

50 

400 

50 

400 

50 

400 

GGBFS replacement, %  

Content, kg/m
3 

0 

0 

40 

160 

40 

160 

Silica fume replacement, %  

Content, kg/m
3 

0 

0 

0 

0 

10 

50 

Super plasticizer, %  

Content, kg/m
3 

0.7 

3.8 

w/b ratio 0.31 0.31 0.31 

w/c ratio 0.59 0.96 1.18 

Cement (kg/m
3
) 400 250 200 

Fine Aggregate (kg/m
3
) 824 815 804 

Coarse Aggregate (kg/m
3
) 790 
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Type I (12 mm) 516 516 516 

Type II (14 mm) 221 221 221 

Water (kg/m
3
) 175 

Viscosity modifying agent (kg/m
3
) - 0.37 - 

SCC Properties 

Slump flow (mm) 750 774 680 

T50 cm slump flow (sec) 6 6 6 

J-ring (mm) 6 9 10 

U-box (mm) 1 6 4 

V-funnel flow (sec) 11 11 12 

.  

RESULTS AND DISCUSSIONS 
 
SCC - Workability:  While casting SCC samples, workability tests Slump flow, V-funnel test, U-box, J-ring tests are done and the 

values are given in Table 2. Three mix of SCC shows a good result on passing ability, segregation resistance and flowing. The setting 

time problem extended which shows F50 mix has good flow properties. In F50G20 mix which is more viscous so viscosity modifying 

agent is essential. Alternative to use of Viscosity modifying agent, an additional silica fume was added with fly ash and GGBFS. 

Compressive Strength: For 7, 14, 28, 60 and 90 days curing is done. For F50 the maximum compressive strength of 75 Mpa, for 

F50G20 the maximum compressive strength is 64 Mpa and for F50G20S5 the maximum compressive strength is 62. All mixes attain 

there maximum at 90 days of curing 

 

Fig. 3. Cube Compressive Strength at various curing periods 

Flexural Strength: For 7, 14. 28, 60 and 90 days of curing the test been conducted. The flexural strength of the several self-

compacting concrete mix is mostly near to other mixes. Among the three self-compacting mixes, F50 mix has more 28day flexural 

strength and shown in Fig. 4. The 28-day flexural strength of the three mixes are in the range 5.5-6.9 Mpa, which is higher or equal to 

5.5 Mpa flexural estimated strength using BIS 456 (2000) Codal provisions 
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Fig. 4. Flexural Strength at various curing periods 

I. CONCLUSION  

In this study SCC using more volume fly ash, added with GGBFS and silica fume. Various experiments were conducted 

based on that conclusions are drawn. F50 mixes shows strength properties and high flow, as required for Self-compacting concrete, 

with superplasticizer, we are removing form work settling time will be extended Use of fly ash-GGBFS based F50G20 mixes 

improves the self-compacting settling characteristics of self-compacting concrete mixes, but flow properties of self-compacting 

concrete are not achieved in this F50G20 mix. Silica fume added to the F50G20S5 mixes without viscosity modifying agent improves 

the flow properties of the self-compacting concrete. Fly ash based F50 mix compressive strength is higher compared with F50G20 and 

F50G20S5 mixes at 28 days of curing.  
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Abstract- Renewable energy is mostly used by many countries now days for energy generation and save our environment as well as save 

conventional fuel resources. Solar energy is one of the most efficient, clean and affordable energy alternatives available today. With the current 

concerns about global warming and ever increasing energy rates, countries are seriously looking for domestic and industrial usage of solar energy. 

Cooling, refrigeration, and air conditioning processes are considered essential needs and major requirements for all human beings in our world today. 

In the present study, a detail review of the application of solar energy by using evacuated tube collector with heat pipe technology for hot water 

generation has been carried out. The utilization of solar energy for hot water generation system by Evacuated Tube Collector would help in 

improvement of energy economics, energy consumption and energy efficiency. The review focuses especially on Evacuated Tube Collector with 

Heat Pipe Technology. The study also includes thermodynamic equation to find out efficiency of Evacuated Tube Collector with Heat Pipe. Also 

reviewed Design parameters and theoretical model with equations and also reviewed comparison of theoretical and experimental result of Evacuated 

Tube Collector with Heat Pipe Technology. This technology used mainly for hot water generation which is further used for different purpose 

compared to any other collector or technology because of higher efficiency, less heat loss, less friction and many more advantages. 

Keywords: Renewable energy, Solar energy, Evacuated Tube Collector, Heat Pipe Technology  

1. INTRODUCTION  

There are still fossil fuels are used by most of the countries for energy generation in different sectors such as domestic, transportation, industrial, 

commercial, institutional, etc. The sources of fossil fuels are limited. Fossil fuels are conventional energy sources which are limited and may be 

finished in near future. We pollute our environment by burning fossil fuels. By burning fossil fuels smoke produced which spread in environment and 

pollute it. Due to fossil fuel there are green house effect and global warming such a serious problem occur in our environment and it effect adversely. 

Fossil fuel deploys the ozone layer due to this the ultraviolet radiation coming from the sun directly radiated on earth which is harmful for human 

beings. 

 Energy is the heart of any country and it has continuous driving power for economic growth. We know that every day the demand for energy is 

increased. But we also know that the stock of fossil fuel is limited. So, we canôt reach demand. We have to find another way to fulfil this demand. 

We have to find such type of energy source which produce energy as much as conventional fuel like fossil fuel and that source must be not limited. 

There is one solution of the problem is renewable energy. Renewable energy is Non Conventional energy sources and we can use it again and again 

and also we can extract high energy from renewable energy sources.   

Nomenclature 

 

Ac collector area (m2) 

Cp specific heat capacity of solar fluid (Jkg-1K-1) 

Gt total global solar radiation on the collectorôs surface (W m-2) 

ά           Solar fluid mass flow rate (kg s-1) 

Qaux auxiliary heating requirement (MJ) 

Quc useful heat collected (J) 
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Qud useful heat delivered (J) 

Qloss supply pipe heat loss (J) 

Qs Solar yield (MJ) 

SF solar fraction (%) 

hc collector efficiency (%) 

hs system efficiency (%) 

 

1.1 Renewable Energy 

Renewable energy is defined as energy that comes from resources which are naturally build up again on a human time scale, such as sun light, 

wind energy, geothermal heat, rain, tidal energy, wave heat etc. 

Renewable energy is used in four distinct areas such as air and water heating/cooling, electricity generation, energy services in rural areas and 

fuels in automobiles. There are significantly increasing energy security, less harmful climatic condition and make benefit economically to countries 

due to rapid utilization of renewable energy. Two countries named Iceland and Norway already generate all their electricity by renewable energy. 

Also, some other countries set their goal to produce much more energy using renewable energy in near future. For example in Denmark the 

government decided to switch the total energy supply to 100% renewable energy by 2050. 

Comparison between fossil fuel energy and renewable energy is as given below: 

Fossil fuel energy Renewable energy 

1. Energy is generated by burning fossil fuel and used 

where energy is prime factor. 

1. Energy is generated by utilizing energy from 

renewable sources such as sun, wind energy, tidal 

energy, geothermal energy, etc and converts it into 

useful form by different technologies. 

2. Energy from fossil fuel can pollute our environment. 2. Energy from renewable sources is naturally and never 

pollute environment. 

3. It adversely affect environment and produce some 

serious problem such as green house effect and global 

warming. 

3. Renewable energy never produces any adverse effect 

on environment. 

4. W can get much more energy from fossil fuels than 

renewable energy. 

4. We canôt get more energy than fossil fuels because of 

developing different technologies to convert 

renewable energy in useful form. 

5. Still most of the energy required is fulfilled by fossil 

fuel. 

5. Still we canôt replace conventional energy sources by 

renewable energy sources. 

6. The sources of conventional energy such as fossil 

fuels are limited and it might be finished in near 

future. 

6. The sources of renewable energy are very wide and 

huge and also it will never finish because we can 

utilize it again and again. 

There is one suitable solution of all environmental problems like- accumulation of greenhouse gases, global warming issue, etc. And the solution 

is Renewable energy. The energy from renewable sources is pollution free and environment friendly but we canôt utilize it by 100%. So, different 

technologies are developed to use more renewable energy for energy production [9]. 
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To save conventional energy sources and to protect the environment, renewable energy is the best aspect. A continuous and significant 

development of different technologies for utilizing renewable energy sources is remarkable for the future of a balanced global energy economy. As 

the demand for energy is increased, use of fossil fuel is also increased but only renewable energy sources can fill that gap between energy demand 

and use of fossil fuel. Because by using renewable energy sources we can reach demand by using less conventional energy like fossil fuels. Need of 

healthy and hygienic food products, air-conditioning, hot water supply, stored horticulture product for long time are such factors which encourages 

the use of renewable energy in industrial production and domestic process [13]. 

1.2. Solar Energy 

All Solar energy is nothing but only heat from sun and radiant light. The solar energy is used in different technologies such as solar heating, solar 

cooling, solar thermal energy, photovoltaic, solar architecture and artificial photosynthesis. Among all of the renewable energy sources solar energy 

is an important source of energy. Solar energy technologies are classified as active solar and passive solar energy based on the way they capture and 

distribute solar energy or convert it into solar power. There are different active solar techniques to use solar energy like- photovoltaic system, solar 

water heating/cooling and concentrated solar power. Different passive solar energy techniques include orienting a building to the sun, selecting 

materials with favorable thermal mass or light dispersing properties and designing spaces that naturally circulated air. Solar energy is used 

everywhere now a days in different purposes. Somewhere it is used for electricity production, hot water generation, air-conditioning, refrigeration, 

domestic purpose and cooking etc.  

In 2011, the International Energy Agency said that ñthe development of affordable, inexhaustible and clean solar energy technologies will have 

huge longer-term benefits. It will increase countriesô energy security through reliance on an indigenous, inexhaustible and mostly-import ï

independent resource, enhance sustainability, reduce pollution, lower the costs of mitigating global warming, and keep fossil prices lower than 

otherwise. These advantages are global. Hence the additional costs of the incentives for early deployment should be considered learning investments; 

they must be wisely spent and need to be widely sharedò. 

There are different types of renewable energy are available such as ï solar energy, wind energy, geothermal energy, tidal energy, etc. Solar 

energy is mostly used from all of the above mentioned energies because of its more likely distribution in nature and abundant source available. Solar 

energy is environment friendly, clean, low cost and easily available form of renewable energy. There are thermonuclear reactions are occur inside the 

core of the sun, which resulting electromagnetic radiation released by sun is known as solar energy. A huge amount of solar radiation is received by 

earthôs surface. As increasing energy prices, limited conventional fuels and increase global warming guide many countries to use renewable energy 

such as solar energy, wind energy, etc instead of conventional fuels. Solar energy is utilized for different purpose by different technologies such as 

photovoltaic, solar collectors, etc. Solar energy is used for different purpose like- electricity production, air conditioning, power plant, hot/cold water 

generation, refrigeration technologies, industrial process, domestic purpose, etc now a day. There are different types of collectors to collect solar 

radiation and convert it into useful form. Still we canôt use 100% of solar energy because of different losses. So, there are still many researches going 

on these areas to use more available solar energy and also for increasing performance of solar collector, resulting increase its efficiency. 

2. SOLAR COLLECTORS  

A Solar thermal collector collects radiation coming from sun (solar radiation) and converts that collected radiation (heat) into useful form. An 

absorber is placed inside the solar thermal collector to collect heat from sun radiation. Solar radiation is energy in the form of electromagnetic 

radiation from the infrared (long) the ultraviolet (short) wavelengths. Average solar energy which coming on earthôs surface is 1000 watts per square 

meter under clear skies, depending upon weather conditions, locations and orientation.  

There are different solar collectors for different purposes. Some collector collect radiation to produce electricity, some collectors collects 

radiation for hot/cold water generation, air collectors used for air conditioning, etc. Simple collectors are typically used in residential and commercial 

buildings for space heating. 

There are two forms of solar collectors (1) Concentrating collectors and (2) Non-concentrating collectors. In Non-concentrating collectors, the 

collector area is the same as the absorber area and whole solar panel absorbs light. In concentrating collectors, the collector area is bigger than the 

absorber area. 

There are two types of solar collectors: (1) Flat plate and (2) Evacuated tube collectors. 

Both of the above collectors are used for domestic hot water or cooling with absorption chillers and space heating. 
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2.1 Flat plate collectors 

 

Figure1. Schematic of a flat plate collector 

 

Flat plate collectors consist of 

(1) A dark flat-plate absorber, 

(2) A transparent cover, 

(3) A heat-transfer fluid and 

(4) A heat insulating backing. 

A dark flat-plate absorber has a thin absorber sheet which is backed by a coil of fluid tubing. A grid or coil of fluid tubing is placed in an 

insulated casing with a glass or polycarbonate cover. In water heat panels, fluid is passed through tubing to transfer heat from the absorber to an 

insulated water tank.  

In flat plate collectors first sun radiation is absorbed by absorber plate and converts solar energy into heat energy. This heat energy then 

transferred to the liquid (water) which is circulating through pipes which attached to the absorber plate. Absorber plates are painted with ñselective 

Coatingsò which absorb and retain heat better than ordinary black paint. The absorber plates are made from copper or aluminium because this type of 

metal is good conductor of heat which transfers more amount of heat by calculation. Mainly copper is used for absorber plate and it is more 

expensive, but less corrosive than aluminium.  

2.2 Evacuated Tube Collectors (ETC) 

  Evacuated tube collectors are made from number of evacuated glass tubes. Each evacuated glass tube has an absorber plate in which heat pipe is 

placed inside the tube. Solar radiation incident on evacuated glass tube is absorbed by absorber plate and convert this solar radiation into heat. This heat 

is transferred from absorber plate to the heat pipe. This heat is utilised to generate hot water by transferring heat from heat pipe to domestic water 

which is passing through heat exchanger called ñmanifoldò. So the heat is transferred generally from absorber tube to insulated hot water tank. The 

manifold is wrapped in insulation and covered by a protective sheet metal or plastic case. There are vacuum is created inside the glass tube so that it 

greatly reduced convection and conduction heat loss generally occurred outside of the tube. Therefore, we can get higher efficiency in evacuated tube 

collectors than flat plate collectors, especially in colder conditions. In warmer condition or in warmer climates this advantage is largely lost, except in 

those cases where very hot water is desirable. 
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Figure2. Evacuated tube collector with heat pipe 

There are different types of evacuated tube collectors available such as  

(1) Glass- metal evacuated tube collectors 

(2) Glass- Glass evacuated tube collectors 

Glass ïmetal evacuated tube collectors further classified as concentric fluid inlet and outlet and separated inlet and outlet pipes according to flow 

of fluid in pipes. 

There is a single glass tube in concentric fluid inlet and outlet tube. There is a copper heat pipe or water flow pipe with attached fin is inside the 

tube. In this type of construction each single pipe and absorber fins are free to rotate in any direction (angle) even if the collector is mounted 

horizontally. 

Glass- metal with separated inlet and outlet pipes evacuated tube collectors are of traditional type collector. The shape of absorber in this type of 

collector is flat or curved. Vacuum is desirable inside the tubes and at lower working temperature efficiency of this type of evacuated tube collector is 

high.  

In construction of glass-glass evacuated tube collectors two glass tubes fused together at one end. There are coating of integrated cylindrical metal 

absorber is available in the inner tube. This type of evacuated tube collectors is less efficient than the glass-metal type but cheaper in cost and more 

reliable than glass-metal type. Glass- Glass collectors are more efficient at high working temperatures.  

Comparison of flat plate collector (FPC) and Evacuated tube collector (ETC) is as given below. 

Flat plate collector (FPC) Evacuated Tube Collector (ETC) 

1. In flat plate collector an absorber plate with a sheet of 

copper, painted or coated black is bonded to pipes of 

transfer fluid. 

1. I evacuated tube collector a glass tube with vacuum 

inside it is surrounding an absorber plate or area. 

2. FPC has low cost. 2. ETC has higher cost. 

3. Flat plate collector is more efficient than evacuated 

tube collector at ambient temperature. 

3. ETC is more efficient than FPC at lower working 

temperatures (conditions). 

4. The design of FPC is easy. 4. The design of ETC is difficult because of vacuum 
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inside the tube. 

5. FPCs are sensitive to sun angle and orientation. 5. ETCs are less sensitive to sun angle and orientation. 

6. FPCs have longer life. 6. ETCs have less life than FPCs. 

7. Flat plate gives better year round performance.  Performance of ETCs is less than FPCs. 

 

2.3 Heat Pipe Technology 

A heat pipe is a heat transfer device which transfers heat between two solid surfaces by using two principles as thermal conductivity and phase 

transition.  

There are two sections are available mainly such as evaporation section (hot interface) and condensation section (cold interface). A liquid inside 

the heat pipe evaporates at hot interface by absorbing heat from the absorber. That generated vapour then travels to the cold interface and release 

latent heat to the working fluid passing from the manifold. So the liquid inside the heat pipe is condenses back into a liquid which again travels to 

evaporation section by capillary action, centrifugal force or gravity. Hence the cycle is completed and it continuously repeats to transfer high amount 

of heat. Heat pipes are highly effective conductors because of the very high heat transfer coefficients for boiling and condensation. Heat pipe length 

may affect the effective thermal conductivity of it. Thermal conductivity can approach 100 kW/ (m-K) for long heat pipe than approximately 0.4 kW/ 

(m-K) for copper. The schematic of heat pipe is shown as figure given below. 

 

 

Fig.3. Schematic of heat pipe technology 

 

Structure, design and construction:- 

A typical heat pipe is nothing but a sealed pipe or tube which is made with compatible material with working fluid such as for water heat pipe 

copper is suitable and for ammonia heat pipes aluminium is suitable. When heat pipes are empty at that time for maintaining vacuum inside it a 

vacuum pump is used. After creating vacuum inside the heat pipes it fills partly with working fluid and then sealed. The working fluid mass is chosen 

so that the heat pipe contains both vapour and liquid over the operating temperature range. Below the operating temperature, the liquid is too cold and 

cannot vaporize into a gas. Above the operating temperature, all the liquid has turned to gas, and the environmental temperature is too high for any of 

the gas to condense. Whether too high or too low, thermal conduction is still possible through the walls of the heat pipe, but at a greatly reduced rate 

of thermal transfer. Working fluids are chosen according to the temperatures at which the heat pipe must operate. Water heat pipes are sometimes 

filled by partially filling with water, heating until the water boils and displaces the air, and then sealed while hot. 
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There must be a saturated liquid and its vapour present inside the heat pipe for transferring heat. The saturated liquid present inside the heat pipe 

is vaporize and then travel to the condensation section where that vapour condense by releasing latent heat and that saturated liquid again return to 

evaporation section by action of capillary, centrifugal force or by gravity. In a saturated heat pipe, the condensed liquid is returned to the evaporator 

using a wick structure exerting a capillary action on the liquid phase of the working fluid. Wick structures used in heat pipes include sintered metal 

powder, screen, and grooved wicks, which have a series of grooves parallel to the pipe axis. When the condenser is located above the evaporator in a 

gravitational field, gravity can return the liquid. In this case, the heat pipe is a thermosyphon. Finally, rotating heat pipes use centrifugal forces to 

return liquid from the condenser to the evaporator. 

 Heat pipes contain no mechanical moving parts and typically require no maintenance, through non-condensable gases that diffuse through the 

pipeôs walls, resulting from breakdown of the working fluid or as impurities extent in the material, may eventually reduce the pipeôs effectiveness at 

transferring heat. The advantage of heat pipes over many other heat-dissipation mechanisms is their great efficiency in transferring heat. 

The most commonly used envelope (and wick)/fluid pairs include: 

¶ Copper envelope/Water working fluid for electronics cooling. This is by far the most common type of heat pipe. 

¶ Copper or Steel envelope/Refrigerant R134a working fluid for energy recovery in HVAC systems 

¶ Aluminium envelope/Ammonia working fluid for Spacecraft Thermal Control 

¶ Superally envelope/Alkali Metal (Caesium, Potassium, Sodium) working fluid for high Temperature heat pipes, most commonly used 

for calibrating primary temperature measurement devices. 

3. PERFORMANCE EVALUATION  

3.1 Performance of heat pipe 

Chunjing Wong, Weije Feng, Qingtai Jiao, Shai Li and Dejun Cai et al [16] carried out study on heat transfer capacity of solar horizontal heat 

pipe. 

They carried out study to determine the optimum range of volumes of the working fluid for the solar horizontal heat pipe and also to determine 

characteristics of the sensitivity of the heat pipe performance to the installation angle. So a researcher can design the horizontal heat pipe collectors 

optimally. 

The heat transfer performance of solar horizontal heat pipe is mainly influenced by filling amount and it is one of the key parameters of the solar 

horizontal heat pipe. They obtain optimum heat transfer performance of the solar horizontal pipe when the level height of working fluid is about 19% 

- 22% of the inner diameter of the solar horizontal pipe. The solar heat pipe is also sensitive to angle. The heat transfer capacity decreased 

significantly at a small negative angle and the heat transfer capacity increased significantly at a small positive angle.  

3.2 Performance of Flat plate collectors with heat pipe 

M. Hammad et al [1] investigated experimental study of the performance of a solar collector cooled by heat pipes. He described the performance 

of a flat plate solar collector cooled by a set of heat pipes, designed and manufactured locally to work at low temperature conditions equal to that of 

flat plate solar collectors. He calculated the efficiencies and quantities of energy transferred to a water storage tank and resulted that it was 

comparable to those obtained by using water cooled solar collector. The collector efficiency mainly depends on time of day, solar intensity; ambient 

temperature and flat plate mean temperature. The unit was less expensive and suitable for rural areas because it was natural circulation water cooled 

unit. Following figure shows the effect of solar intensity and ambient temperature combine to affect the efficiency daily distribution.  
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Fig.4. Efficiency vs. Time 

  

Some important merits of unit are free of icing, free of corrosion and cooling of the daily heated water at night. He measured efficiency of unit 

was 60% and also noticed that the unit was working at low temperature conditions and give satisfactory performance. 

E. Azad et al [5] studied the theoretical and experimental investigation of heat pipe solar collector. He investigated the thermal behaviour of a 

gravity assisted heat pipe solar collector theoretically and experimentally. The developed theoretical model was based on effectiveness-NTU method, 

for evaluating thermal efficiency of the collector, the inlet, outlet water temperatures and heat pipe temperature. He also determined optimum value 

of evaporator length to condenser length ratio. There is a very high thermal conductance structure in the heat pipe. This structure allows the heat 

transportation with a temperature drop of smaller magnitude. Heat pipes consist of a sealed container with a small amount of working fluid. There are 

two sections in heat pipe as: evaporator section and condenser section. In evaporator section the heat is transferred as latent heat energy by 

evaporating the working fluid in a heating zone. In condenser section the vapour is returned to the heating zone by the capillary structure which lines 

the inner wall of the container and the cycle is completed. 

 

Fig.5. Heat Pipe Schematic 

Gravity assisted heat pipes are unidirectional conductors-they behave as thermal diode. Heat is transferred from evaporator section to condenser 

section only but not in reversed direction, if we oriented heat pipe properly. So we can reduce heat loss when absorber is at lower temperature than 

the liquid flow inside the heat exchanger. Advantages of heat pipes are less corrosive, redundancy and if one heat pipe may fail then that does not 

effect on the performance of the collector. Only heat exchanger section must be insulated so that we can avoid freezing problem. 

The condenser of the heat pipe is elevated so that the condensate returns to the evaporator with the assistance of gravity and we can get high heat 

transfer capability. There are no wick is required in the condenser section while for circumferential distribution a wick structure is required. When the 

heat pipe is operating in gravity assisted mode, a high heat transfer capability can be achieved. Further, no wick is required in the condenser since 

gravity drains the condensate from the wall to the paddle. However, a wick structure is required for circumferential distribution of liquid in the 

evaporator. 
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He experimentally investigated the thermal performance of heat pipe solar collector together with a simple theoretical analysis. Theoretical 

model can suggest an optimum heated length-cooled length ratio, so collector absorbs more heat and increase the overall amount of useful heat. With 

the increase of the heated length-cooled length, Le/Lc, the absorber area will increase which may result in increased solar energy by absorber plate 

and also the heat loss from the absorber. Also, heat transfer coefficient in condenser will increase and hence increase the heat transfer rate in the 

condenser. 

E.Azad et al [10] studied an assessment of three types of heat pipe solar collectors. He installed all of three collectors in parallel to each other. 

When all of three collectors are operating under variable conditions such as wide range of incidence solar radiation, the characteristics of three 

collectors are noticed by him. 

All of three collectors of testing unit are as given below: 

        

                                      Type I              Type II        Type III 

Fig.6. Heat pipe solar collector 

Efficiency of three collectors is as given below: 

 

Fig.7. Heat pipe solar collectorôs efficiency line 

He noticed that Type- I collector as shown above figure that are with fins gave better efficiency among three collectors. The fins attached with 

tubes can increase the performance of collector. This type of collector is of low cost and easily produced but leakages are there. 

3.3 Performance of Evacuated Tube Collectors (ETC) with heat pipe 

Evacuated tube collectors are such collectors which collect solar radiation (energy) and convert it into heat energy. With the help of heat pipe 

technology evacuated tube collector can transfer solar energy into heat energy. In heat pipe mainly two sections are available named evaporative 

section and condensation section. In evaporative section fluid inside the tube is evaporated and then vapours travel to condensation section where that 

fluid condensed and working fluid or air is heated by taking heat from the vapour inside the heat pipe at heat exchanger inside the manifold.  
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Convective heat loss is less in evacuated tube collectors because absorber surface is placed inside the vacuum. We can also reduce radiation loss 

by using a low emissivity absorber surface. A heat extraction from long thin absorber is the main problem with evacuated tube solar collector. 

Following methods are used to extract heat from evacuated tubes: 

ü Heat pipe  

ü Flow through absorber  

ü All glass tubes 

ü Storage absorber. 

G.L. Morrison, I. Budihardjo, M. Behnia et al [2] studied water-in-glass evacuated tube solar water heaters and found that evacuated tube solar 

collectors have better performance than flat plate solar collectors, for high temperature operations. 

S.B.Riffat, X.Zhao and P.S.Doherty et al [3] developed a theoretical model to investigated thermal performance of a thin membrane heat-pipe 

solar collector. He designed and constructed a thin membrane heat-pipe solar collector so that it can collect solar radiation efficiently with low cost. 

He also developed a heat balance equations for analysis purpose. He analysing heat transfer processes occurring at top cover, absorber and manifold 

areas. The test efficiency was found to be in the range 40-70%, which is a bitter lower than the values predicted by modelling. 

A comparison of testing and modelling results of the thin membrane heat pipe solar collector is shown as following graph. 

 

Fig.8. Comparison of testing and modelling result 

óMiniatureô heat pipes cost are less than normal heat pipes used in evacuated tube collector or flat plate heat pipe solar collector. The measured 

efficiency of the test was in the range of 40-7- %. This value is lower than the prediction for evacuated case by modelling while higher than the 

prediction for unevacuated chamber with single glass cover. This was happened because in case of evacuated one the heat transfer resistance is more 

due to inert gas, argon is used for filling the chamber after evacuated. In unevacuated chamber heat resistance is less due to air inside the chamber. If 

we comparing both then we can find that the convective or conduction loss is more in unevacuated chamber than evacuated one.    

Yong Kim and Taebeom seo et al [4] studied thermal performances comparisons of the glass evacuated tube solar collectors with shapes of 

absorber tube. The thermal performance of a glass evacuated tube solar collector is investigated numerically and experimentally for two layered glass 

tube and absorber tube. The working fluid is an air in this solar collector. The performance of four different shapes of absorber tubes of solar 

collectors are carried out to find out the best and optimum shape of absorber tube. They also compared the performance of collector model and 

simplified model in which only beam radiation is considered. They observed that the parameters which seriously affected the performance of solar 

collectors are incidence angle of solar radiation, shape of the absorber and arrangement of collector tube. The centre distance increases, the number 

of collector tube decreases and hence decrease utilized solar energy. They test the four models with only beam radiation for single collector tube and 

then beam radiation with the diffuse radiation and shadow effect for different collectors.  

The four cross-sections of different shapes of absorber tubes are shown in following figure. 
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Model I             Model II 

  

          Model III            Model IV 

Fig.9. Four cross-sections of different shapes of absorber 

 

Model II gave the best performance among four different collectors, when we considered only beam radiation. Initially, when the incidence 

angle was small, the efficiency of model III was high but as soon as incidence angle increases the efficiency of model III becomes higher than that of 

model III. When the effects of the diffuse irradiation and the shadow due to adjacent tubes were considered, the performance of model III was the 

best for all ranges of the incidence angle. 

I. Budhihardjo, G.L.Morrison et al [6] investigated the performance of water ïin-glass evacuated tube solar water heaters. The performance was 

evaluated using experimental measurement of optical and heat loss characteristics and a simulation model of the thermosyphon circulation in single 

ended tubes. The performance of water-in-glass evacuated tube solar collector system was compared with flat plate solar collector   in a range of 

locations. 

The schematic of water-in-glass evacuated tube solar water heater is as given below. 

 

Fig.10. Natural circulation flow in a water-in-glass solar water heater 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƗȮɯ,Èà-)ÜÕÌȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

82                                                                                                   www.ijergs.org   

They prepared a model of water-in-glass evacuated tube solar water heaters and simulate the performance of it. An evacuated tube system with 

30 tubes had slightly lower energy savings than a two panel (3.7 m2) flat plate system. 

Liangdong Ma, Zhen Lu, Zhang and Ruobing Liang et al [7] studied thermal performance analysis of the glass evacuated tube solar collector 

with U-tube. They investigated thermal performance of the individual glass evacuated tube solar collector by analytical method. The solar collector is 

two layered glass evacuated tube and the absorber film is deposited in the outer surface of the absorber tube. Using one dimensional analytical 

solution, the heat loss coefficient and heat efficiency factor are analyzed. Also, they studied the influence of air layer between the absorber tube and 

the copper fin on the heat efficiency. The function relation of the heat loss co-efficient of the glass evacuated tube solar collector with temperature 

difference between the absorbing coating surface and the ambient air is nonlinear. 

Anti-freezing, rapid start-up, resistance to high pressure, easy installation and maintenance, etc are the advantages of heat pipe evacuated tube 

solar collectors. Many countries have paid more and more attention to utilise solar energy and increase country economy by saving conventional 

fuels as much as possible. But the heat pipe evacuated tubular must maintain the vacuum environment. In the practical application, it is very difficult 

to maintain a vacuum inside the tube because lots of non-condensable gas will be produced in the heat pipe at the running process of the system. The 

thermal performance of the heat pipe will be subject to serious influence because of the accumulation of non condensable gas. 

Currently, U-tube glass evacuated tube solar collector is much more widely used compared with the heat pipe. U-tube glass evacuated tube solar 

collector is shown in the figure given below. 

 

1- Outer Glass                                                        Tube 

2- Absorber tube 

3- Copper Fin 

4- U- Tube 

5- Vacuum Jacket 

Fig.11. Glass evacuated tube solar collector with U-tube (a) 

Illustration of the glass evacuated tube (b) cross-section 

The influence of the thermal resistance of air layer on the heat efficiency is large. To evaluate thermal performance of the glass evacuated tube 

solar collector, heat efficiency as well as surface temperature of the absorbing coating is important parameters. The efficiency increases with increase 

of solar radiation intensity, but it reaches gradually to a constant. Variation of efficiency and coating temperature with radiation intensity is as shown 

below. 

 

Fig.12. Variation of efficiency and coating temperature with radiation intensity 
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Dan Nchelatebe Nkwetta, Mervyn Smyth, Aggelos Zacharopoulos and Trevor Hyde et al [9] carried out optical evaluation and analysis of an 

internal low concentrated evacuated tube heat pipe solar collector for powering solar air conditioning systems. This analysis was carried out to 

enhance the collection of solar radiation for medium temperature applications. Ray trace analysis was carried out at different transverse angles to 

determine the quantities such as optical efficiencies, related optical losses and flux distribution on the absorber of the internal low-concentrating 

evacuated tube heat pipe solar collector. They investigated the truncated internal low-concentrated evacuated tube heat pipe solar collector with the 

respective acceptance half angle as shown in figure.  

 

Fig.13. the truncates internal concentrating evacuated tube heat pipe (ICETHP) solar collector configuration 

Ray trace diagram for the internal low-concentrated evacuated tube heat pipe solar collector with solar radiation incident at different 

transverse angles are as given below. 

 

Fig.14 Ray trace diagram for the internal low-concentrated evacuated tube heat pipe solar connector with solar radiation incident at (a) 0º (b) 10º 

 

Fig.15 Ray trace diagram for the internal low-concentrated evacuated tube heat pipe solar connector with solar radiation incident at (a) 20º (b) 30º 

The variation in optical efficiencies at different transverse angles showed a non-linear relationship. The truncated internal reflector design 

reduced reflector losses and cost of the reflective material. We increased the irradiance level on the heat pipe absorber and reduce convective heat 

losses with combine use of concentration and evaluation. They achieved higher temperatures with larger temperature differential and hence 

improvement in the thermal performances. 
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Bin Du, Eric Hu and Mohan Kolhe et al [11] carried out an experimental platform for heat pipe solar collector testing. The parameters included 

in experiment were receiver and absorber areas, the effective heat capacity, the incidence angle modifier and the pressure drop and also its 

correlations with the instantaneous efficiency were investigated. 

The pressure drop was an important parameter for the design of the solar collector. First we have to check that there were no impurities and 

bubbles in the moving working fluid before measuring the pressure drop. The measured parameters are the temperature of working fluid at the inlet 

collector ti, the mass flow rate of working medium, the pressure difference between the inlet and outlet of collector. The calculation formula of the 

collectorôs pressure drop is:  

D p = 51838 m2 + 1807 m            (1) 

Where, m= mass flow rate of working medium 

All the measuring parameterôs performance was as desirable and data of experimental and theoretical were within range. 

Lacour Ayompe and Aidan Duffy et al [12] studied thermal performance analysis of a solar water heating system with heat pipe evacuated tube 

collector using data from a field trial. 

Evacuated tube collectors (ETCs) have glass tubes with vacuum generated inside it. The absorber surface which absorbs solar radiation is 

located inside the glass tube and absorber surface has different shapes. ETCs may be subdivided in two types: (1) ódirect flow throughô (or ówater-in-

glass) and (2) óheat pipeô. Direct flow through evacuated tube collectors have a set of glass tubes which are normally connected with a tank or shell. 

A larger diameter glass tube is used to surround each tube with the annular space between the tubes evacuated to reduce heat losses. The heat transfer 

liquid is heated as it circulates in the tubes. 

A heat pipe (HP) has tubes which has high thermal conductance and there are small amount of working fluid is present inside the heat pipe. At a 

heating zone of heat pipe working fluid is evaporating by absorbing a latent heat of evaporation. That evaporated vapour then travel to cooling zone 

and it condenses by rejecting heat to fluid which flow through manifold. Then the condensate return back to the heating zone and the cycle complete. 

The condensate returns back to evaporative section by capillary action, gravity or by wick structure. The tubes are mounted with the metal tips 

projecting into a heat exchanger (manifold) containing flowing water or water/glycol. Heat is transferred into the manifold and through circulation 

pipe work to be used in heating and/or hot water applications. 

A heat pipe evacuated tube collector (HP-ETC) has a heat pipe inside a vacuum generated tube. Due to vacuum present inside the tubes it 

reduces convection and conduction losses, so the collectors can operate at higher temperatures than flat plate collectors (FPCs). FPCs and HP-ETCs 

can collect both direct and diffuse radiation. Heat pipe evacuated tube collectors have higher efficiency at low incidence angles. Typically heat 

absorbing fins are attached to the tubes to maximise thermal gains. 

The main difference in thermal performance between a HP-ETC and conventional HP technologies lies in the heat transfer processes from the 

absorber tube wall to the energy transporting fluid. In the HP-ETC there are three processes involved which are evaporation, condensation and 

convection. For conventional HP solar collectors, heat transfer occurs only in the absorber plate. Solar collectors with HPs have a faster response 

time because it has lower thermal masses. 

HPs operate like a thermal diode, i.e., with unidirectional heat flow. This minimizes heat loss from the transporting fluid when incident radiation 

is low. Furthermore, when the maximum design temperature of the collector is reached, additional heat transfer can be prevented. This prevents 

overheating of the circulation fluid, a common problem in many solar collector systems. 

The use of HP-ETCs in solar water heating systems (SWHSs) is increasing worldwide because of their high thermal efficiencies and operating 

water temperatures when compares to flat plate collectors (FPCs). Heat pipe evacuated tube and manifold is as shown in figure below. 
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Fig.16 Heat pipe evacuated tube collector 

 

Fig.17. Manifold 

 

Energy Performance Analysis: 

1. Energy Collected: 

The useful energy collected by the solar energy collector is given as:  

1  Í # 4ȟ  4ȟ        (2) 

 

    

2. Energy delivered and supply pipe losses: 

The useful energy delivered by the solar coil to the hot water tank is given as: 

1  Í # 4ȟ  4ȟ        (3) 

 

Supply pipe losses were due to the temperature drop as the solar fluid flowed between the collector outlet and the solar coil inlet to the 

hot water tank. These losses were calculated as: 

1  Í # 4ȟ  4ȟ        (4) 

 

3. Solar Fraction: 

The solar fraction (SF) is the ration of solar heat yield to the total energy requirement for water heating and is given as: 

3&
 

                        (5) 
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4. Collector efficiency: 

The collector efficiency is calculated as: 

             h  
  ȟ  ȟ

 
                                (6) 

 

5. System Efficiency: 

The system efficiency is calculated as: 

     ʂ  
  ȟ  ȟ

 
                   (7) 

 

To reduce energy loss, the solar circuit supply pipes should be kept as short as possible. The low thermal mass of a HP-ETC causes it to absorb 

solar radiation and transmit heat quickly to the solar fluid. They also concluded that HP-ETCs are more efficient than flat plate counterparts when 

operating as components of a solar water heating system by comparison of study results. 

Vishal Dabra, Laxmikant Yadav and Avdhesh Yadav et al [13] studied the effect of tilt angle on the performance of evacuated tube solar air 

collector: experimental analysis. 

The Evacuated tube solar air collector is located at different collector tilt angles at 30° and 45° with the horizontal. Tilt angle played significant 

influence on the thermal performance of the evacuated tube solar air collector along with or without reflector. For 30° tilt angle evacuated tube solar 

air collector with reflector had better thermal performance than the 45° tilt angle evacuated tube solar air collector with or without reflector. 

Increasing collector tilt angle had no positive effect on the thermosyphon phenomenon inside the evacuated tubes. 

They concluded that thermal performance of evacuated tube solar air collector at 30° tilt angle had more than at 45° tilt angle with and without 

reflector. They noted that steep collector tilt angle (45°) decrease the thermal performance of evacuated tube solar air collector and the 

thermosyphonic circulation phenomenon. 

Hongfei Zheng, Jianying Xiong, Yuehong Su and Haiyin Zhang et al [15] studied the influence of the receiverôs back surface radiative 

characteristics on the performance of a heat pipe evacuated tube solar collector. 

There is a significant influence on the performance of a heat pipe evacuated tube solar collector of receiverôs back surface radiative 

characteristics. This influence is generally related to the back surface emissivity and temperature. The heat loss of the evacuated tube collector 

increases with the increase of the back surface emissivity. The change of back surface emissivity can significantly affect the performance of the 

ETSC at higher temperature but affect little at lower temperature. The treatment on the receiverôs back surface may solve the overheating problem of 

ETSC in summer by increasing the receiverôs back surface roughness. 

Heat transfer model of ETSC suggested by author is as shown in figure given below. 
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Fig.18. Heat transfer model of the ETSC 

They mainly focuses on studying the methods of increasing or decreasing the heat loss of ETSC by changing the receiverôs back surface 

emissivity and studied that by performing roughness treatment on the receiverôs back surface. One can increase the emissivity of evacuated tube 

collector and the radiative heat loss can be reduced by adding sunshade plate. 

The influence of the receiverôs back surface emissivity, on the heat loss is more significant when the temperature is higher, while the effect is 

very limited when the temperature is in lower range. 

4. CONCLUSION 

L.M. Ayompe, A.duffy, M.conlon and S.J.McCormack et al [8] investigated comparative field performance study of flat plate and heat pipe 

evacuated tube collectors (ETCS) for domestic water heating systems in a temperature climate. They presented a year round energy performance 

monitoring results of two solar water heaters with 4 m2 flat plate and 3 m2 heat pipe evacuated tube collectors (ETCS) operating under the same 

weather conditions. They concluded that the 4 m2 FPC system compares quite favourably with the 3 m2 ETC system when connected to a 300l hot 

water tank. 

Boris Rassamakin, Sergii Khairnasov, Vladilen Zaripov, Andrii Rassamakin and Olga Alforova et al [14] investigated aluminium heat pipes 

applied in solar collectors. 

Metal heat pipes applications to liquid solar collectors, especially to evacuated glass tube ones, is an efficient solution for water heating plants. 

Still majority of thermal solar collectors canôt fulfil the requirements such as small weight, easy assembly and installation, versatility, scalability and 

adaptability of design. There are also some problems in liquid solar collectors such as very high hydraulic resistance and low thermal efficiency less 

than 0.5. Authors are proposing to apply extruded aluminium alloy made heat pipe with wide fins and longitudinal grooves to avoid the drawbacks of 

liquid thermal collectors. 

They concluded that axial grooves can enhance heat transfer inside the heat pipe similar to a wick. The developed solar collector had very high 

modularity and scalability. 

They also noted that thermal performances of developed solar collectors are note worse than those of the compared ones without heat pipes or 

made of copper with high thermal conductivity. Also it had very low hydraulic resistance. 

After reviewing such number of papers we reach on the conclusion that evacuated tube collector with heat pipe technology has best performance 

among all and also there is some improvements needed to increase the performance of evacuated tube solar collector. So, we are using evacuated 

tube solar collector for hot water generation which is required in refrigeration system used for horticulture product. 
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Abstractð Anti-roll bars utilized in ground vehicle to reduce body roll by opposing any unequal vertical motion between the pair of 

wheels suffer from fatigue failure. The objective of  this study is  structural analysis of an anti-roll bar made of  SAE 9262 with  

different bush wall thickness, were carried out by means of finite element  (FE) technique using ansys workbench16  to determine 

stress distributions in bar. In this study we analyzed the hollow and solid bar. The result obtained by of FEA analyses using ansys 

workbench16 shows that equivalent stress in the inner surface of the corner bend  of anti roll bar was the maximum; where is  the 

chances of failure of bar more .The bush wall thickness (5, 7.5and 10 mm) was consider in this analysis. The roll stiffness of antiroll 

bar where calculated numerically.  It was found that for both bars solid and hollow, thick wall thickness of bush tend to reduce stress 

in the cornering region. Result shows the Changing thickness of bush for solid bar from 5mm to 7.5 mm approximately 9 % 

improvement and that 5mm to 10mm approximately 11% .and that for hallow bar 6%. 

 

Keywordsð Anti-roll Bar,Ansys workbench16,Bush wall thickness, Fatigue failure, FEA analysis, Roll stiffness, solid and hollow 

bar 

INTRODUCTION 

In todayôs automotive industry the main task that faces the engineer to develop the vehicle which should be dynamically stable. The 

lot of research is going on in developing  the parts which satisfies the above condition. The cost factor also considered during 

development. 

        Anti-roll bar also known as stabilizer bar or sway bar was one invention used in stabilizing the vehicle[1]. Anti roll bar utilized in 

ground vehicles to reduce body roll by opposing any unequal vertical motion between the pairs of wheels suffer from fatigue 

failure[2,3]. Basically structure of anti-roll bar is U shaped as shown in figure1.[1,4] 

 
Fig.1-Anti roll bar with bush 

The ends of the anti-roll bar are connected to suspension system. Anti- roll bar is made in hollow as well as solid. Now a days 

different shapes of anti-roll bar is available whose main function is reducing the body roll. Basically roll occurs during cornering due 

to weight transfer towards outer side [5,7]. 

           Anti ïroll bar attached to the chassis by means of bush. There are basically two common types of anti-roll bar bushings 

[6].They are classified according to (degrees of freedom)  the axial movement of the anti-roll bar in the bushing. In both types, the bar 
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is free to rotate within the bushing. In the first bushing type, the bar is also free to move along bushing axis while the axial motion is 

prevented in the second type.  

 
 

Fig. 2ï Bushing (rubber bushings and metal mounting blocks) 

 

Material of bushing also effect the stress values of anti roll bar[8] .Thus bushing material is also another  an influential parameter. 

Thecommonly  used material for bushing are rubber, nylon or polyurethane[9]. Metal bushings are used in some race cars.  Enhance in 

the spring stiffness of bushing material also increases the roll stiffness of anti roll bar [10]. 

The important function of anti-roll bar is to decrease the vehicle body roll.  Vehicle body roll occurs when a vehicle diverge from 

straight-line motion where it goes. The imaginary line connecting the roll centers of front and rear suspensions forms the roll  axis of a 

vehicle. C.G. of a vehicle body (center of gravity) is basically above this imaginary roll axis[11].  

 

 
 

Fig.3-Centre of gravity and Roll axis of vehicle 

 

Thus, while cornering the centrifugal and other cornering (side wind) force cause to produce a roll moment about the  imaginary roll 

axis, which is equal to the product of centrifugal force with the distance between the roll axis and the center of gravity as shown in 

fig.3. This moment causes the inner suspension to extend and the outer suspension to compress, thus the body roll occurs [12] 

    In this analysis anti-roll bar made of SAE 9262 steel is used. SAE provides information about anti ïroll bar manufacturing 

technique, equations to find roll stiffness etc. 

     The main objective of this paper is analyze the effect of different bush wall thickness on stress values of anti roll a bar .Author take 

here three types of bush wall thickness(5, 7.5,10mm) and analyzed its effect on solid as well as hollow bar. The polyurethane material 

used for bush 

 

 

 

METHODOLOGY  

1. CAD Modeling 

2. FEA Analysis 
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3. Numerical Calculations 

 

1. CAD MODELING 

All Dimension of anti roll bar is taken from SAE. CAD Model is made in Unigraphics (NX9). The following Fig4.shows the CAD 

model. The Design is made for Solid and hollow bar. 

 

 

Fig.4- CAD model of anti-roll bar with bushing 

According to design model was  crated .sweep along curve and revolve command used  many times. The model is saved in step file 

format. Same model was created for different bush wall thickness. Here bush wall thickness of 5mm, 7.5mm and 10 mm were 

modeled. 

2. FEA ANALYSIS 

FEA analysis were carried out using ansys workbench 16software. The analysis  were carried out for different bush wall thickness. 

The following procedure were adopted while analysis. 

Procedure for analysis 

1. Import Step format file into ansys   workbench16. 

2. Apply material properties to bush and bar. 

3. Mesh the model. 

4. Apply boundary condition and force condition. 

5. Use Surface to surface contact between bush and bar. 

6. Plot Von misses stress and total deformation. 

 

Fig.5- Principle stress for solid anti roll bar with bush wall thickness 5mm 
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Fig.6- Deflection of solid anti roll bar with bush wall thickness 5mm 

 

Fig.7- Principle stress for hollow anti roll bar with bush wall thickness 5mm 

 

Fig.8-Deflection of hollow anti roll bar with bush wall thickness 5mm 
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3. NUMERICAL CALCULATION OF ROLL STIFFNESS OF ANTI ROLL BAR 

 

Fig6. FBD of bar   

 
Where,  
KR= Roll stifness 
F= Force 

L= Lenghth of tortion bar 

Fa= Displacement  

 

 

For solid Bar 

Ὢ
ρπππτππ υππzςππ τz τππzυππzφτ

σz ςz ρπz “z ςυȢυ ρχȢυ
 

fA  =  33.88mm 

Ὧ
ρπππzρπππ

ÔÁÎ
σσȢψψ
υππ

 

kR= 257.96 Nm/degree 

 

For hollow Bar 

 Ὢ
ρπππτππ υππzςππ τz τππzυππzφτ

σz ςz ρπz “z ςτ
 

fA  =  41.34mm 

Ὧ
ρπππzρπππ

ÔÁÎ
τρȢστ
υππ

 

kR = 211.574 Nm/degree 

 

 

 

Result and Discussion 

The main purpose of this study to reduce the principle stress in critical zone(bent of Anti roll bar).So that fatigue life of anti roll bar is 

increased. To achieve this, analysis of anti roll bar with different wall thickness of bush were carried out. The following table shows 

the deflection of anti roll bar numerical method and  FEA  method.  
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Table1- Roll stiffness and deformation of solid and hollow bar 

 

Table 2 shows the variation of  principle stress value on antiroll bar with changing the wall thickness of  bush. 

 

Anti roll Bar Stress value(MPa) 

Bush thickness(5mm) 

Stress value(MPa) 

Bush thickness(7.5mm) 

Stress value(MPa) 

Bush thickness(10mm) 

Solid bar 348.12 316.80 309.6 

Hollow bar 392.73 377.02 369.16 

 

Table2: stress values of solid and hollow bar for different bush thickness 

It is clear that the principle stress value depends upon the material property and wall thickness of bush. With increase in bush wall 

thickness the principle stress value decreases. 

Anti roll bar Mass(Kg) 

Solid bar 6.5913 

Hollow bar 4.0344 

 

Table3.Mass(kg) of solid and hollow bar 

 

CONCLUSION 

Stress distribution of an anti-roll bar has been investigated by using FEA method. Structural analysis shows that the stress values 

maximum at the corners of the hollow and solid bar that critical for fatigue failure. The position of maximum stress magnitude is at 

same place irrespective of bush size and bush material. It was concluded that the reduction in  stress magnitude obtained by increasing 

bush wall thickness. Result shows the Changing wall thickness of bush for solid bar from 5mm to 7.5 mm approximately 9 % 

improvement in principle stress and that changing wall thickness from 5mm to 10mm approximately 11% .  and that for hallow bar 

6% improvement in principle stress. 

Use of hollow bar reduces the weight , from result it is clear that approximately 2kg reduction in mass takes place by using hollow 

shaft. 
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Anti roll Bar Roll stiffness 

(Nm/degree) 

Deformation (mm) By  

Numerical method 

Deformation (mm) by  FEA 

method 

Solid bar 211.09 33.88 34.812 

Hollow bar 257.96 41.34   49.57 
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Abstract: Image enhancement is an important image processing technique that processes images suitably for a specific application 

e.g. image editing. The light attenuation that travels through the water medium tends to destroy the image quality and gives image 

with low exposure. This therefore subjects to the   problem of differentiating the image from the background. Many methods have 

been proposed to enhance the underwater images using threshold, histogram equalization, global and local contrast correction etc. This 

paper provides overview of such methods.                                                                                                   
 

Keyword: Image Enhancement, image exposure, low exposure images. 
 

1. INTRODUCTION  
 

Image enhancement plays an important role in vision and image processing. Enhancement under the water medium refers to 

accentuation or sharpening of image features such as edges, boundaries, exposure or contrast to make a graphic display more useful 

for display and analysis and to differentiate it from the background. The enhancement process does not inherent information content in 

the data but increases the dynamic range of the chosen features so that they can be detected easily. The main objective of enhancement 

is to process an image so that the result is more suitable than the original image. For this, various underwater imaging techniques have 

been introduced into underwater image processing field. This paper gives an overview of the defined techniques. 

2.PROBLEMS IN UNDERWATER IMAGING  

Underwater images are subjected to many problems such as light absorption, reflection and inherent sea structure. The light travelling 

from air medium to water medium is partly reflected back from the water surface and partly enters the water .But this light disappears 

as we go deeply into the water. Thus, giving as a dark and low exposure image. It is only the blue colour that has longer wavelength 

and thus travels deeper into the water. This makes the water look blue in colour. In addition to it ,the blur image underwater has low 

brightness and low contrast. The light travelling through the water medium tends to lower the exposure and quality of the image, thus 

giving as a blur image since exposure determines the darkness or brightness of each element of the image. 

 

Figure 1: colour appearance underwater 

                                                           
 

 

 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƗȮɯ,Èà-)ÜÕÌȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

98                                                                                                   www.ijergs.org   

3. OVERVIEW OF VARIOUS DEFINED UNDERWATER IMAGING TECHNIQUES.  

A. Recursive exposure based sub-image histogram equalization: 

It is the extension of exposure based sub image histogram equalization method which is used for enhancement of low exposure 

images. The method first divides the histogram into two sub histograms based on medium intensity. The two histograms are further 

divided into sub histograms based on mean intensity. The sub histograms are equalized individually. Images with darker grey level are 

low exposed images and the images with brighter part possess higher exposure. Both the under and over exposed images are iterated 

until the exposure value is less than the threshold value. The two images are than concatenated to obtain an enhanced image. 

 

  

. 

 

 

 

 

 

 

 

 

 

                                                             

                     Figure2. Original underwater image                       Figure3. enhanced Image                

  B. Recursively separated exposure based sub image histogram equalization 

 It is recursive version of exposure based sub image histogram equalization. Unlike recursive exposure based     method, it performs 

recursive divisions of histogram based on exposure threshold  of individual sub histogram up to a defined recursion level which are 

further equalized individually. 

 

 

  TIME 

WASTE             TIME 

(Shorter) 
 

Fig.1- Energy Sources in the world 
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Figure4. original image                                                  Figure5.enhanced red plane  

  4. LITERATURE SURVEY  

References Paper Technique Parameters 
[1] Saliency guided naturalness 

enhancement in colour 

images 

Combine the concept of popular Retinex and 

the histogram equalization (HE) and propose an 

efficient image naturalness enhancement 

algorithm for both non-uniform and low light 

images. 

Difference Mean Opinion 

Score(DMOS) 

Lightness-Order-Error 

Execution time 

[2] Enhancement of low 

exposure images via 

recursive histogram 

equalization algorithm 

This paper proposes exposure based recursive 

histogram equalization methods for image 

enhancement. The proposed methods are very 

effective for images acquired in low light 

condition like under water sequences or night 

vision images. 

Entropy 

[3] Enhancement of low quality  

Underwater images through 

integrated global and local 

contrast correction  

dual-image Rayleigh-stretched contrast-limited 

adaptive histogram 

Specification, which integrates global and local 

contrast correction. 

Entropy 

MSE 

PSNR 

Sobel Count 

MSSIM 

EMEE 

NIQE 

[4] Intensity and edge based 

adaptive un-sharp masking 

filter for color image 

enhancement 

An adaptive gain adjustment method is 

proposed here aiming at minimizing the 

number of over-range pixels while maximizing 

the image sharpness and information content. 

 

Entropy 

Neighbourhood Pixel 

Gradient 

Standard Deviation 

  

Compute clipping threshold and clip histogram 

Compute the 

histogram of the 

image 

Combine the sub 

images into one 

image 

Compute clipped 

threshold and clip the 

histogram 

Compute exposure 

value and threshold 

parameter 

Repeat until the exposure 

difference between iterations is 

less than threshold 

Divide the  histogram 

into two sub histograms 

using threshold 

parameter  

Apply histogram 

equalization on 

individual sub 

histograms 
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[5] Multi -level image fusion 

and enhancement for target 

detection 

A novel infrared-to-visible image fusion 

algorithm for enhancing contrast and visibility 

is proposed 

standard deviation, average 

gradient, spatial frequency, 

and information entropy 

 

5.Conclusion 

This paper gives an overview of enhancement of underwater imaging by enhancing low exposure images and quality of the images. It 

gives an overview of pre defined underwater imaging techniques such as recursive exposure based and recursive separately exposure 

based sub image histogram equalization technique. Both the techniques are suitable for bringing out the information contents of the 

image and provide efficient results for images acquired in dim light conditions. 
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Abstractð The purpose of this paper is to acquire the remote electrical parameters like Voltage, Current, and Frequency 

from Smart grid and send these real time values using IoT. This project is also designed to protect the electrical circuitry by 

operating an Electromagnetic Relay. The Relay can be used to operate a Circuit Breaker to switch off the main electrical supply. 

User can send commands in the form of IVR messages to read the remote electrical parameters. This system also can 

automatically send the real time electrical parameters periodically (based on time settings) in the form of SMS and Web 

application. This system also sends SMS alerts whenever the Circuit Breaker trips or whenever the Voltage or Current exceeds 

the predefined limits, we use Raspberry pi as the heart of the project to control all the work involved.  

Keywordsð GSM Modem, Internet Of Things(IoT), Express SCH for Circuit design, Proteus for hardware simulation,IVR-

Interactive voice response, Microcontroller (Raspberry pi). 

INTRODUCTION 

The time complicated interlocking and operation controlling requirements involved in Energy Management, which lead to necessity 

of automation of the undergoing process. In this respect, Energy Management automation, which is the creation of a highly 

reliable, self-healing power system that rapidly responds to real time events with appropriate actions, ensures to maintain 

uninterrupted power services to the end users with smart monitoring and maintaining of databases. 

PROPOSED METHOD 

This research paper aims at continuously monitor the load conditions of the specific location. It also monitors the temperature 

of the devices present in the specific location. If the load increases beyond the specific location rated capacity, the 

microcontroller will automatically shut down the specific location and intimates the same to the operator by sending a message 

through a GSM modem. A modem provides the communication interface. It transports device protocols transparently over the 

network through a serial interface. A GSM modem is a wireless modem that works with a GSM wireless network. A wireless 

modem behaves like a dial-up modem. The main difference between them is that a dial-up modem sends and receives data 

through a fixed telephone line while a wireless modem sends and receives data through radio waves. If the temperature of the 

specific location increases, then the microcontroller will  automatically starts the cooling system for the specific location. At any 

point, if the operator wants to know the loads conditions and the temperature, he has to send a predefined message to the 

modem which is interfaced with the microcontroller and the controller acknowledges the operator with the required 

information. 

1. Sensing different electrical parameters (voltage, current, temperature). 

2. Update Webpage with real time data using IoT. 

3. Forwarding the electrical parameters over GSM network. 

4. Producing buzzer alerts (if  necessary). 

5. Automatic circuit breaking operation. 

An embedded system is a combination of software and hardware to perform a dedicated task. Some of the main devices 

used in embedded products are Microprocessors and Microcontrollers. Microprocessors are commonly referred to as general 

purpose processors as they simply accept the inputs, process it and give the output. In contrast, a microcontroller not only accepts 

the data as inputs but also manipulates it, interfaces the data with various devices, controls the data and thus finally gives the 

result. Here we use the most advanced microcontroller kit called the Raspberry Pi Arm Cortex for data acquisition and data 

processing. 
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The research IOT based Energy Management System by Using Raspberry pi ARM cortex using according to the instructions 

given by the above said microcontroller. Distributed transformers are prone to damages due to the rise in oil temperature when 

there is an overload or huge current flows through the internal winding of the transformer. When the oil temperature rises, it 

increases the probability of getting damages in the transformers. The transformers are to be monitored very cautiously during 

these situations. The proposed system consists of a monitoring unit that is connected with the distribution transformer for the 

purpose of monitoring the same. Hence, we introduce a simulation model which details the operation of the system to rectify the 

mentioned problem. The monitoring system is constituted by three major units, namely, 

1. Data processing and transmitter unit 

2. Load and Measurement Systems 

3. Receiver and PC display unit 

We have designed a system based on Raspberry Pi that monitors and controls the voltage, current and oil temperature of a 

distribution transformer present in a specific location. The monitored output will  be displayed on a PC at the main station that is 

at a remote place, through RF communication. The parameters monitored at the distribution transformer are compared with the 

rated values of the transformer. Additionally the breakdowns caused due to the overload and high voltage are sensed and the 

signals are transmitted to the main station using RF communication. The software in the PC compares the received values with 

the rated measurements of the distribution transformer and shuts down the transformer so that it can be prevented from damages 

and performances can be enhanced quiet to a remarkable level. The controller consists of a sensing unit which collects the 

essential parameters such as current, voltage and the oil temperature within the distribution transformer. The digital display 

connected to the processing unit displays corresponding parameter values at the specific location for any technical operations. 

The controller also senses the overload and high current flow conditions in the internal windings that may lead to breakdown of 

the corresponding unit. The microcontroller is programmed in such a manner so as to continuously scan the transformer and 

update the parameters at a particular Time interval. The parameter values sensed by the microcontroller are transmitted through 

the RF transmitter connected to the microcontroller unit. The transmitted signals are received at the main station using the RF 

receiver. The received signals are then passed to the PC. The software loaded in the PC is used to monitor the changes in the 

parameters that are measured from the distribution transformer. When a remarkable change is noticed in the measured values it 

controls the unit by ending it from any serious damages. 

The values of voltage, current and temperature of the transformer is directly applied to Port A (one of the input ports of the 

microcontroller). Along with this, a display is connected in the Port B (another input port of the microcontroller). The RF 

transmitting section and the load variation control are connected to the Port C (one of the output ports in the 

microcontroller). 

The monitoring PC is connected to the main station. The microcontroller at the specific location  monitors and captures the 

current, voltage and temperature values for a particular period of time interval. The captured values are stored in the data 

register and displayed using the LCD display. 

The monitored voltage, current and temperature values of the transformer are transmitted using the RF transmitter for each 

and every time interval. Any antenna tuned for the selected RF frequency can be utilized for the transmission of the RF signal 

but the antenna has to exhibit a unidirectional radiation pattern. In the receiver side of the proposed system, the receiver antenna 

converts the RF signal into electrical signal and acquires the information which has been transmitted by the transmitter. Based 

on the received information, controlling operation is performed. If  the receiver receives the transformer parameters which is 

greater than the fixed threshold level, then immediately the units is shutdown so as to protect the same. The voltage level is 

reduced using transformers and power is transferred to customers through electric power distribution systems. Power starts 

from the transmission grid at distribution specific location where the voltage is stepped-down (typically to less than 10kV) and 

carried by smaller distribution lines to supply commercial, residential, and industrial users. Novel electric power systems 

encompassing of power transmission and distribution grids consist of copious number of distributed, autonomously managed, 

capital-intensive assets. 

 

Real Time System Design 

Real time systems have to respond to external interactions in a predetermined amount of time. Successful completion of an 

operation depends upon the correct and timely operation of the system. Design the hardware and the software in the system to 

meet the Real time requirements. Designing real time systems is a challenging task. Most of the challenge comes from the 

fact that Real time systems have to interact with real world entities. These interactions can get fairly complex. A typical Real 

time system might be interacting with thousands of such entities at the same time.  
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Architecture  and Working  of GSM Networks 

A GSM network consists of several functional entities whose functions and interfaces are defined. The GSM network can be 

divided into following broad parts. The Mobile Station (MS), The Base Station Subsystem (BSS), The Network Switching 

Subsystem (NSS), The Operation Support Subsystem (OSS). The added components of the GSM architecture include the 

functions of the databases and messaging systems: Home Location Register (HLR), Visitor Location Register (VLR), 
Equipment Identity Register (EIR), Authentication Center (AuC), SMS Serving Center (SMS SC), Gateway MSC (GMSC), 

Chargeback Center (CBC), Transponder and Adaptation Unit (TRAU)The MS and the BSS communicate across the Um 

interface, also known as the air interface or radio link. The BSS communicates with the Network Service Switching center 

across the A interface. 

In a GSM network, the following areas are defined: 

Cell: Cell is the basic service area: one BTS covers one cell. Each cell is given a Cell Global Identity (CGI), a number that 

uniquely identifies the cell. 

Location Area: A group of cells form a Location Area. This is the area that is paged when a subscriber gets an incoming 

call. Each Location Area is assigned a Location Area Identity (LAI). Each Location Area is served by one or more BSCs. 

MSC/VLR  Service Area: The area covered by one MSC is called the MSC/VLR service area. 

PLMN:  The area covered by one network operator is called PLMN. A PLMN can contain one or more MSCs. 

 

BLOCK  DIAGRAM  OF THE PROPOSED RESEARCH PAPER  

The  circuit  was  designed  using  Proteus software. This software was used to design a sample for the power supply which was 

incorporated on the receiver system. The receiver sections were designed by this computer aid. In designing the power supply, 

the software has a menu that contains the various components of the circuit. One has to identify which menu contains the 

component for the power supplies were selected. The components that were selected are: diodes (1n4001) capacitor (220ɛF and 

10ɛF) and regulator 7805. A step down transformer of 240/12V AC Was also selected was also selected. These components were 

laid out and their pins were joined appropriately with lines. These lines are similar to the conductors on the printed circuit board 

(PCB). The same procedure was followed in the design of the receiver circuit.  The receiver was constructed on pr inted circuit 

board (PCB) of 30mm x 14mm x 1.5mm dimensions. The PCB was etched in accordance with the receiver circuit 

shown below with various integrated circuit (IC) pin hole drilled. The Raspberry pi, circuit breakers and the 

relays were all inserted on the board to form a complete receiver unit. The implementation of the system involves 

two steps which are: Setting up the system and inter facing with graphic user interface (i.e. application software). 

The application software for the system has been developed by using a high lever language C-programming debugger. 

The debugger contains a high speed simulator and a target debugger that let you simulate an entire Raspberry pi 

system including on chip peripherals [4] [5]. 
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The system was tested by connecting a GPRS modem and RS232 cable to the PC. The RS232 cable is connected to 

microcontroller through an  interface MAX 232Ic. The microcontroller PIC16F877A is connected to the circuit breaker through 

a relay. When the circuit is powered by connecting it to 240 V AC supply, the incoming AC voltage is rectified by bridge 

rectifier. The voltage is then reduced to 5V by a regulator which serves as an input to the microcontroller. The system was 

tested manually by pressing a knob on the software to activate the circuit breaker. Secondary, the system was tested remotely by 

sending an SMS message to the GPRS or   modem   through   the PC   to   RS232   cable to   the microcontroller and it also 

worked. Below is the screen shot of the system control Panel with circuit breaker turned ON. Thus the automation of electrical 

power specific location is designed and implemented using GSM technology [6]. This brings out  the  efficient  way  of  power  

transmission    and distribution in electrical specific location though it is carried out using  wireless mobile  communication 

technology.  AT commands are used to communicate the GSM modem and the microcontroller. Cellular phones have been 

invading all over the globe. Cellular phones enable people to communicate over a  wide  area  by  using   a network  of radio  

antennas  and transmitters arranged in small geographical area called cells. 

By using a rooming facility provided by cellular phone providers, communication could be effective wherever you are on  a  

globe.  Technology can explore more benefit on the utilization of cellular phones. The GPRS was able to read the data sent by 

cell phone at a frequency of 900MH. The GPRS uses packet switching method to transfer data, which means that data is sent 

over the time, which has less traffic. The Raspberry pi is a low power, high performance CMOS 8-bit computer. It provides 

high-flexible and cost effective solution to the control applications. The above schematic diagram explains the interfacing 

section of each component with micro controller and GSM module. [6] 

SCOPE OF THE RESEARCH 
Our research paper ñIOT based Energy Management System by Using Raspberry pi ARM cortexò is mainly intended to operate the 

devices like fans, lights; motors etc.., through a GSM based mobile phone. The system has a GSM modem, temperature, current, 

voltage sensors and the devices to be operated through the switches like Relay which are interfaced to the microcontroller. The 

micro controller is programmed in such a way that if a particular fixed format of SMS is sent to GSM modem from mobile 

phone, which is fed as input to the microcontroller which operates the appropriate devices. A return feedback message will  be 

sent to the mobile from GSM modem. The temperature at the place where devices are being operated can be known. In future 

we can use this research paper in several applications by adding additional components to this research paper. This research 

paper can be extended by using GPRS technology, which helps in sending the monitored and controlled data to any place in the 

world. The temperature controlling systems like coolant can also use in places where temperature level should be maintained. 

By connecting wireless camera in industries, factories etc. we can see the entire equipment from our personal computer only 

by using GPRS and GPS technology. The monitoring and controlling of the devices can be done from the personal computer and 

we can use to handle so many situations. By connecting temperature Sensor, we can get the temperature of dangerous zones in 

industries and we can use personal Computer itself instead of sending human to there and facing problems at the field. The 

C
o

m
p

u
te

 t
h

e
 i
m

a
g

e
 h

is
to

g
ra

m
 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƗȮɯ,Èà-)ÜÕÌȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

105                                                                                                   www.ijergs.org   

temperature sensor will  detect the temperature and it gives information to the micro controller and micro controller gives the 

information to the mobile phone from that we can get the data at pc side. 

CONCLUSION 

An IOT based Energy Management System by Using Raspberry pi ARM cortex has been designed and developed toward the 

implementation of an intelligent building. The developed system effectively monitors and controls the electrical appliance usages at an 

elderly home. Thus, the real-time monitoring of the electrical appliances can be viewed through a website. The system can be extended 

for monitoring the whole intelligent building. We aim to determine the areas of daily peak hours of electricity usage levels and come 

with a solution by which we can lower the consumption and enhance better utilization of already limited resources during peak hours. 

The sensor networks are programmed with various user interfaces suitable for users of varying ability and for expert users such that the 

system can be maintained easily and interacted with very simply. This study also aims to assess consumerôs response toward 

perceptions of smart grid technologies, their advantages and disadvantages, possible concerns, and overall perceived utility. The 

developed system is robust and flexible in operation. Local and remote user interfaces are easy to handle by a novice consumer and are 

efficient in handling the operations. In future, the system will be integrated with co-systems like smart home inhabitant behavior 

recognitions systems to determine the wellness of the inhabitant in terms of energy consumption. Hence smart management of energy 

and monitoring of data in real time from anywhere is possible. 

 

REFERENCES: 

[1] Embedded Automobile Engine Locking System, Using  GSM Technology, Jayanta Kumar Pany1 & R. N.Das 

Choudhury2 International Journal of Instrumentation, Control and Automation (IJICA) ISSN : 2231-1890 Volume-1, 

Issue-2, 2011. 

[2]  X. P. Liu, W. Gueaieb, S. C. Mukhopadhyay, W. Warwick, and Z. Yin, ñGuest editorial introduction to the focused 

section on wireless mechatronics,ò IEEE /ASME Trans. Mechatronics, vol. 17, no. 3, pp. 397ï403, Jun. 2012 
[3]  PIC Microcontroller and Embedded Systems, Mazidi, Muhammad Ali;  Mckinaly, Rolin D; Causey, Page no 99-112. 
[4]  www.allaboutcircuits.com. 

[5]  Microcontrollers Architecture, Programming, Interfacing and System Design, Raj kamal, (2011), Page no 34-52[10] 

PCB Designe Tutorial. Page no 17-25, David.L.Jones (2004) 

[6]  GSM based Automated Embedded System for Monitoring  and Controlling of Substation, Amit Sachan, M.Tech. 

Thesis, Page no 7-9 June 2012. 

[7]  A. Kansal, J. Hsu, S. Zahedi, and M. Srivastava, ˈPower management in energy harvesting sensor networks,ớ ACM 

Transactions on Embedded Computing Systems, Vol. 6, No. 4, Article 32, September, 2007.  

[8] C. Moser, L. Thiele, D. Brunelli, and L. Benini, ˈAdaptive power management for environmentally powered systems,ớ 

IEEE Transactions on Computers, Vol. 59, No. 4, pp. 478ï 491, 2010. 

[9]  D. Zhu, H. Aydin, and J.-J. Chen, ˈOptimistic reliability aware energy management for real-time tasks with probabilistic 

execution times,ớ Proc. 29th IEEE Real-Time Systems Symp. (RTSS), pp.313ï 322, 2008. 

[10]  D. Zhu and H. Aydin, ˈReliability-aware energy management for periodic real-time tasks,ớ IEEE Trans. on Computers, 

Vol. 58, No. 10, pp. 1382ï 1397, 2009.  

[11]  R. Iyer and L. Kleinrock, ˈQoS control for sensor networks,ớ IEEE International Conference on Communications, vol. 1, 

pp. 517ï 521, May, 2003.   

[12]  A. Koubaa, R. Severino, M. Alves, and E. Tovar, ˈImproving quality-of-service in wireless sensor networks by mitigating 

ˈhidden-node collisions,ớ ớ IEEE Trans. Ind. Informat., vol.5, no.3, pp.1444ï 1452, Mar. 2008. 

[13]  K. T. Phan, R. Fan, H. Jiang, S. A. Vorobyov, and C. Tellambura, ˈNetwork lifetime maximization with node admission in 

wireless multimedia sensor network,ớ IEEE Trans. Veh. Technol., vol. 58, no. 7, pp.3640ï 3646, Sept. 2009. [14] A. Fallahi and E. 

Hossain, ˈA dynamic programming approach for QoS-aware power management in wireless video sensor networks,ớ IEEE Trans. 

Veh. Technol., vol. 58, no. 2, pp.843ï 854, Feb. 2009. 

 

 

 

 

 

 

 

http://www.ijergs.org/
http://www.allaboutcircuits.com/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƗȮɯ,Èà-)ÜÕÌȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

106                                                                                                   www.ijergs.org   

THE WATER FLOW MONITORING MODULE  

RAHUL RAMESH IYENGAR 

Research and Development Engineer, 560rahul@gmail.com 

 

Abstractð As the world population is continuously undergoing an exponential rise, the ability to source clean water is becoming a 

pressing concern. The average water consumption of the world per person is estimated to be somewhere in between 120 ï 140 liters. 

Hence it becomes a challenge to constantly generate the required quantity of water in order to sustain the population and cater to its 

needs. This paper aims at developing a cheap, portable and an on-the-go-plug-in kind of mechanism of a Water Flow Monitor Module 

to monitor the rate of water usage per household and keep a metric of it in order to keep tabs on the water usage on a weekly, monthly 

or a yearly basis. Metrics like Water Flow Rate per minute, per second and the total liters of water flow since the start of the day can 

be captured by this module and a graphical representation of these metrics can be obtained which will make the interpretation of the 

data much easier. By this means, a social awareness about the wastage and inefficient consumption of water can be brought about into 

the society so that necessary remedies could be adopted and steps could be taken to reduce the uncontrolled and ineffective use of 

water and water sources. 

Keywordsð Water Flow Indicator, Water Flow Monitor, Water Flow Sensor, Water Usage Indicator, Water Conservation, 

Awareness on Water Wastage. 

INTRODUCTION 

Water conservation highlights the methods and practices that one must adopt in order to conserve and put an efficient effort to make 

the usage of freshwater a very sustainable resource, to protect the water source and to meet the current and future human demand of 

consumption in a constructive way. 

 In the present scenario, where population boom across the world poses a real and an imminent threat to all the natural resources and 

bio-diversity, the scarcity of availability of fresh-water supply in a given locality with a high population density can be directly linked 

to wastage of water and in-efficient sourcing of water to the consumers. Cleaning and transporting water takes a large amount of 

energy. When this water is wasted, larger amounts must be cleaned and transported, and this requires the use of more fossil fuels and 

other non-renewable energy sources. The more water that is wasted, the faster these resources become depleted, and the more quickly 

their dangerous by-products such as carbon dioxide build up in the Earth's atmosphere. This further ends up taking a toll on the bio-

diversity, which in turn has adverse effects on the natural habitats of plants and animals. Drastic wastage of water in household means 

there will be lesser amount of freshwater left for agriculture. This would yield a lesser crop produce which threatens the food supply 

for humans and the livestock. 

Shortage of water supply would result in exploitation of underground aquifers. Already, aquifer reserves are getting depleted at an 

alarming rate due to reduced availability of freshwater on the surface due to drought and decrease in rainfall. The depletion of aquifers 

will further accelerate destruction of landscapes. 

This calls for various measures that are pre-cautionary as well as provide an awareness regarding what could be the shortcomings of 

water wastage. 

 

 

 

 

 

` 
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  Table [I] Average Consumption of Water per Person 

 

 

GOALS 

The goals that are aimed to be achieved by the ñWater Flow Monitor Moduleò are as follows: 

I. Sustainability: Water usage must not exceed a specified limit such that future generations are not affected. 

II.  Energy Conservation: Inefficient usage of water leads to a large quantity of waste water produced that would need 

further treatment which in turn consumes more power/energy. This has to be cut down at least by 15%. 

III.  Habitat Conservation: Minimizing human usage of water means more availability of water to the natural habitat of 

animals as well as reducing the building of dams and other man made structure that impact the bio-diversity. 

 

OBJECTIVE OF THE PAPER  

This paper aims at spreading the knowledge about the systematic steps and approach that could be followed in order to install and use 

a Water Flow Monitor Module such that each household can maintain a metric of the amount of water that has been consumed on a 

daily basis.  

The Water Flow Monitor Module has been built keeping in mind the (i) Cost Effectiveness, (ii) Ease of Usage,           

 (iii) Efficiency, (iv) Ease of Availability and (v) Ease of Interpretation of Data. 

To make available a detailed instruction set on how to Setup, Install and use the Water Flow Monitor Module on a day-to-day basis 

and keep tabs on the amount of water being consumed.    

By this, a social awareness on the perks of conserving water so as to trigger a positive attitude towards water conservation is meant to 

be achieved. 
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ASSEMBLING THE MODULE 

 
I.  The Water Flow Sensor  

 
An accurate flow measurement is essential, both from a qualitative and an economic point of view. Keeping this in mind, the type of 

Water Flow Sensor used here is YF-S201.The sensor contains a pinwheel and sits in line with the water line such that water will pass 

through the sensor striking the pinwheel and rotating it to measure how much water has passed through it. 

 
 

     
                                                      

      Fig. 1(a). The Water Flow Sensor 

There is an integrated magnetic Hall-Effect Sensor that will output an electric pulse for every revolution of the pinwheel. By using a 

suitable conversion formula, we can translate the number of pulses into liters of water that has flown through it. 

The Hall Effect Sensor - ñThe Hall effect is the production of a voltage difference (the Hall voltage) across an electrical conductor, 

transverse to an electric current in the conductor and a magnetic field perpendicular to the current.ò 

 

                                                                   

 

       Fig. 1(b). YF-S201 Water Flow Sensor 

YF-S201 Water Flow Sensor can be used to measure the flow of liquids in both industrial and domestic applications. This sensor 

basically consists of a plastic valve body, a rotor and a Hall Effect sensor. The pinwheel rotor rotates when water / liquid flows 

through the valve and its speed will be directly proportional to the flow rate. The Hall Effect sensor will provide an electrical pulse 

with every revolution of the pinwheel rotor. This water flow sensor module can be easily interfaced with Microcontrollers, Arduino 

Boards and Raspberry Pi. 
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II.  Circuit Diagram    
 
The circuitry basically consists of three components namely The Water Flow Sensor, The Micro-Controller Board and a Computer that 

is used for processing all the raw data that is obtained from the Micro-Controller Board. 

The operating voltage of the YF-S201lies anywhere in between 5V-18V. The signal pin of the sensor is given to the Digital I/O pin of 

the Micro-Controller which will produce a corresponding pulse for every value recorded by the sensor. 

The Micro-Controller is connected to the Computer via a USB cable that ensures a fast paced transmission of data between both the 

devices.     

The post processing is done on the Computer where raw values that have been obtained from the sensor is translated into 

corresponding liters of water that has flown though the sensor. 

The values that have been obtained after post processing are periodically dumped into a text file so as to maintain a database of values 

through which a graphical interpretation of data is possible in the future. 

 
 
 
 
 
 
 
 
                    
 
  
 
 
 
 
 

 
 

                                                                     Fig. 2. Circuit Diagram of the Module 

 

WORKING OF THE MODULE  

The design and the type of circuitry involved in the Water Flow Monitor Module has been approached keeping in mind the ease of 

installation and a minimalistic hindrance. A micro-controller module that can communicate wirelessly with the computer can also be 

used instead of a USB connection. 

 

           Fig.3. The Circuitry  

The YF-S201 can measure a maximum of 30 Liters of water flow per minute. Therefore the Flow Rate Characteristic of the sensor is: 
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Frequency (Hz) = 7.5 * Flow Rate (L/min) 

                          = 7.5 * 30 (L/min) 

                          = 225 Hz 

The sensor will output 450 Pulses for a Liter of water that will pass through it, hence if 1 Liter of water will flow through the sensor in 

a minute, we would be getting 450 pulses a minute. Therefore, for 1 second there will be approximately 3.75 pulses per second per 

Liter of water flow. Hence the calibration factor is set to 3.75. The sensor is connected to the Digital Pin 2 which uses an ñInterrupt 0ò 

and this is configured to trigger on a ñFalling Edgeò. Since the calibration factor over here is considered for every second, there are 

cases in which the loop will not execute in a second. Hence we calculate the number of milliseconds that have passed since the last 

execution and scale the output according to that. We also apply the calibration factor to scale the output based on the number of pulses 

that the sensor outputs at that second. 

       This is given by the following formula: 

                              FlowRate = ((1000.0 / (millis () - timePassed)) * pulseCount) / calibration; 

The time stamp at which the previous processing pass was executed is recorded. This is because the millis() function, that keeps a 

check on the number of milliseconds passed since the starting of the execution of the program stops counting when the interrupt is 

disabled. But it will return the time stamp at which the interrupt was disabled. A record of this is made. 

                          oldTime = millis(); 

 

The number of Liters of water that has flowed through the sensor per second can be obtained by dividing the Flow Rate by 60.  

 

                         flowInmLiters = (FlowRate / 60)*1000; 

 

The total number of milliliters that have been flown since the start of the execution of the program can be obtained by cumulatively 

adding the FlowRate obtained from each iteration to its previous value. At first, the variable totalFlow is initialized to zero: 

                                

                          totalFlow = 0; 

 

The value of flowInmLiters keeps on updating depending on the rate of flow of water through the sensor per second. This value is 

recorded and cumulatively added to the totalFlow variable such that the total amount of water that has flown through the sensor for a 

given period of time can be determined. 

 

                          totalFlow = totalFlow + flowInmLiters 

 

 

The graphs can be generated from the available data for Daily Usage, Weekly Usage and Yearly Usage .In this particular project, we 

use the Data Driven Documents for generating the graphs. It is an open source software with various number of interactive charts that 

could be used to improve the visualization of data. 
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Fig.4. Output 

 

GRAPHS 

Graphs help to give a visual representation of the data to the consumer regarding the amount of water that has been consumed. 

Graphical data is always easier to interpret that raw text, hence for the ease of the consumer an option to view the graphical data is 

also included. These include individual graphs for Daily Usage, Weekly Usage and Yearly Usage. 

 

 

                                    

                                                                          Fig.5(a). Graph For Daily Usage 
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Fig.5(b). Graph For Weekly Usage 

 

 

  Fig.5(c). Graph for Yearly Usage 

CONCLUSION 

Hence, the necessary procedure needed to successfully install and use the Water Flow Rate Sensor Module are addressed by this 

paper. This paper also aims at spreading an awareness regarding the uncontrolled and ineffective means of supplying and using water 

resources and aims to reduce the practice of casual wastage of water by helping the consumer maintain a metric of the usage such that 

initial steps are taken to suppress the common trend to profligate water. 

This paper aims at establishing a trend that results in water conservation. Households in both urban and rural areas will be able to 

create their own ñWater Flow Rate Sensor Moduleò based on the guidelines that have been mentioned in this paper. 
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Salient Region Extraction for 3D-Stereoscopic Images 
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Abstractð Detecting region of interest in images is an interesting topic. It has wide range of applications in Image Processing. With 

the emerging application of stereoscopic display, it became necessary to design saliency detection for stereoscopic images. The field 

of optical flow estimation is making steady progress now a days. In this paper, a new optical flow method is designed to estimate the 

relative motion of the images captured by left eye and right eye of the observer from the scene. DCT feature map promises energy 

compactness property. The method promisingly obtained  efficient result over the existing methods. 

 

Keywordsð visual attention, optical flow, 3D saliency, motion vector, median filtering, DCT feature map, temporal saliency. 

 

INTRODUCTION 

    In the Human Visual System (HVS), Visual attention is an important characteristic in visual information processing. Attention helps 

us to decide where to move our eyes next. It would selectively process the important part by filtering out others. Thus it helps to 

reduce the complexity of scene analysis. These visually important information is also termed as Salient regions or Region of Interest. 

Two mechanisms of visual attention are usually distinguished as: bottom-up and top-down. Bottom-up mechanism, which is image-

driven and task-independent, is a perception process for automatic salient region selection for natural scenes while top-down 

mechanism is a knowledge driven and task-dependent cognitive processing. These two mechanisms interact with each other and affect 

the human visual behavior. 

    Visual attention models have many image processing applications, such as classification, visual retargeting, visual coding, 

watermarking, image segmentation, image retrieval etc. Many bottom up saliency detection models have been proposed for 2D 

images/videos. With the emergence of stereoscopic display, which is capable of conveying  depth   perception    to the viewer, the 

requirement of designing computational saliency detection models for 3D multimedia applications increased. Different from that of 

2D images, it is important to consider the depth factor, in Saliency detection for 3D images. 

    In this paper, a new technique is designed for 3D saliency detection. Inspired from the concepts of video which is a collection of 

frames, Optical flow algorithm is performed on the input stereoscopic image (comprises of left and right eye view images). The 

resultant image clearly shows the relation motion of the scene in two images. Thereafter, DCT feature map of the obtained result are 

taken into account  to obtain a pre-final saliency map. The final saliency map is calculated based on the feature contrast. 

RELATED WORK 

    Visual attention is a set of cognitive operations that allow us to efficiently selecting relevant information and by filtering out others. 

Attention is a highly flexible mechanism, because it can operate on regions of space, specific features of an object, or on entire 

objects.  Corresponding to bottom up and top-down approaches in perception process, the attention mechanism may be stimulus-

driven or goal-driven. 

    Many studies have been done in the field of visual attention. Itti et al. proposed the earliest computational saliency detection models 

based on the neuronal architecture of the primatesô early visual system [19]. The saliency map is obtained by calculating  multiscale 

center-surround differences using features like intensity, color, and orientation. Harel et al. extended Ittiôs model [18]. In that study, 

saliency from feature contrast is measured  using the graph- based   theory, a more accurate measure of dissimilarity. Hou et al. 

proposed a saliency detection method using the concept of Spectral Residual [17]. The saliency map is computed by log spectra 

representation of images from Fourier Transform.  Now a days, some saliency detection models have been proposed by patch-based 

contrast  and obtained promising  performance [5]ï[7].  A saliency detection  model in compressed domain is designed by Fang et al. 

for the application of image retargeting [5]. A context-aware saliency detection model is proposed by Goferman based  on  feature  

contrast  from  color and intensity using image patches [7]. Achanta et al. [6] tried to obtain more frequency information to get a better 

saliency measure.  

      Besides 2D saliency detection models, in [2], Bruce at al. proposed a stereo attention framework by extending an existing attention 

structure to the binocular domain. However, there is no computational model proposed in that study [2]. The key of 3 Dimensional 
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saliency detection model is how to adopt the depth cues besides the traditional 2 Dimensional features such as color, intensity and 

orientation. Studies from neuroscience indicate that the depth feature as well as other low level features would cause human beingsô 

attention focusing on the salient regions [3]. Therefore, an accurate 3 Dimensional saliency detection model should take depth contrast 

into account as well as contrast from other common  low-level features. Based on multiple perceptual stimuli, Zhang et al. designed a 

stereoscopic visual attention algorithm for 3D video [4]. Chamaret et al. built a Region of Interest extraction method for adaptive 3D 

rendering [8]. Both studies [4] and [8] adopt depth map to weight the two dimensional saliency map to calculate the final saliency map 

for 3D images. Another method of 3 Dimensional saliency detection model is built by incorporating depth saliency map into the 

traditional 2D saliency detection methods.  

     In [9], Ouerhani et al. extended a 2 Dimensional saliency detection model to 3 Dimensional saliency detection by taking depth cues 

into account. Potapova introduced a 3 Dimensional saliency detection model for robotics tasks by incorporating the top-down cues 

with the bottom-up saliency detection [10]. Recently, Wang et al. proposed a computational model of visual attention for 3 

Dimensional  images by extending the traditional 2 Dimensional saliency detection methods. In [2], a public database with ground-

truth of eye-tracking data is provided.  

    The concepts of some video saliency detection models were very helpful in designing the new method. In [13],  a  phase-based  

saliency detection model for video was proposed. The saliency map is obtained through inverse Fourier transform on a constant 

amplitude and the original phase spectrum of input video frames. Itti et al. [11] developed a model for detecting the surprising events 

in video, considering that surprising events attracts human beingsô attention. Studies were also done in combining spatial saliency 

maps with temporal saliency map [12]. Based on the rarity of features, the authors of [14] designed a dynamic visual attention model. 

The main idea to the proposed technique is contributed by [13]. 

PROPOSED FRAMEWORK 

    Depth perception is highly correlated with visual attention, especially in the case of stereoscopic images. Therefore, saliency 

detection in stereoscopic images definitely considers the factor of depth. Slightly different from that, in this paper, a new saliency 

detection technique is designed by considering the relative motion of the scene captures by the left eye and right eye of the observer. 

That is, the visual perception information is the factor considering here. It can be termed as temporal saliency. This temporal saliency 

evaluation algorithm starts with Optical flow based motion estimation. The new method directly incorporates motion information by 

modeling the visual perception process in an information communication framework. The proposed framework is shown in figure 1. 

 

 
 

Figure 1: The framework of the proposed model 

 

 

 

From the figure itself, it is very well understood that the proposed system is consisting of mainly 4 steps. 

1. Create filtered version of Input Image 
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2. Motion vector calculation using optical flow 

3. DCT feature map of image blocks 

4. Saliency map calculation 

 

1. Create filtered version of Input Image 

    In this step, first the input Stereoscopic Image is selected. In order to estimate  the optical flow, it is needed to have multiple frames. 

Due to the lack of multiple frames, it is necessary to make the copies of the input Images. For that, filtered versions of the Input 

Stereoscopic Images are created using median filtering.  

     The median filter is used to reduce noise of image or simply the outliers. It is like the mean filter/average filter.  It is better than the 

mean/average filter. Like mean filter, the median filter considers each pixel in the image to find whether or not it is representative of 

its surroundings. Instead of replacing pixel value with the mean of neighboring pixels, it replaces with median of those values. The 

median can be calculated by sorting all the pixel values from the neighborhood and then replacing the pixel with the middle pixel 

value. The median filter allows high spatial frequency detail to pass and it is very effective at removing noise on images where less 

than half of the pixels have been affected.  

Advantages of using Median filter 

×  Preserves useful detail in the image.  

× Single unrepresentative pixel in a neighborhood will not affect median value. 

×  No degradation to the underlying image. 

2. Motion vector calculation using optical flow 

Optical flow can be explained as the pattern of apparent motion of objects or surfaces. From a sequence of images, it is possible to 

find local image motion. The field of optical flow estimation is making steady progress now a days. The basics of todayôs methods are 

just the resemblance of Horn and Schunck (HS).  

First of all, the left view mage and right view image are selected. After creating filtered copies of  input Image, in order to compute  

the motion flow, the Classical optical flow method is used.  

The classical optical flow algorithm is a direct descendant of the original HS formulation. Applying a median filter to intermediate 

flow values increases the accuracy of the recovered flow fields. It is found that the classical flow formulation is the best method in 

optical flow methods. Classical Optical Flow is a widely used differential method for optical flow estimation. Here, the assumption is  

that, the displacement of the image contents between two nearby frames is approximately constant and small within a neighborhood of 

the point p under consideration, and solves the basic optical flow  equations  for  all  pixels  in  that neighborhood. The classical 

optical flow objective function in its spatially discrete form as: 

E (u, v)=В   ”Ὀ  Ὅ ὭȟὮ ὍὭ όȢȟὮ ὺȟ ‗”ίόȟ ό Ȣȟ ”ίόȟ όȢ ”ίὺȟ ὺ Ȣ ”ίὺȟ ὺȢ  

where u and v are the horizontal and vertical components of the optical flow field to be estimated from images Ὅ and   Ὅ, ɚ is a 
regularization parameter and ”Ὀ and ”Ὓ are the data and spatial penalty functions. 

There are three different penalty functions: (1) the quadratic HS penalty ɟ(x) = ὼ  ; (2) the Charbonnier penalty (Classic C)             

ɟ(x) = Ѝὼ  ɴ  [13], a differentiable variant of the absolute value, the most robust convex function and (3) the Lorentzian (Classic L) 

ɟ(x) = log (1+ ), which is a non-convex robust penalty. Another recent classical flow method is classic NL, which is faster than  the 

other two. 

The main equation we are implementing to calculate the flow is 

V = Mὠ + (ī1) z  Mὠ 

where MV is the original motion vector. M6 and Mὠ are the past reference and the future reference frames respectively [15].  

In this paper, the Rudin-Osher-Fatemi (ROF) structure texture decomposition method is followed to pre-process the input sequences 

and linearly combine the texture and structure components. The optical flow estimated at a coarse level is used to warp the second 
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image toward the first at the next finer level, and a flow increment is calculated between the first image and the warped second image. 

The standard deviation of the Gaussian anti-aliasing filter is set to be 
Ѝ

, where d denotes the down-sampling factor. Each level is 

recursively down sampled from its nearest lower  level. 

At each warping step, data term is linearized which involves computing terms of the type  ὍὭ όȟ ȟὮ ὺȟ ȟ where  denotes 

the partial derivative in the horizontal direction, ό  and ὺ  denote the current flow estimate at iteration k. Then the derivative of the 

second image is taken and warped the second image and its derivatives towards the first using the current flow estimate by bi-cubic 

interpolation. Then the spatial derivatives of the first image is taken and average with the warped derivatives of the second image.  

Graduated non-convexity (GNC) scheme is a technique that attempts to solve a difficult optimization problem by initially solving a 

greatly simplified problem, and progressively transforming that problem until it is equivalent to the difficult optimization problem. For 

the Charbonnier (Classic C) and Lorentzian (Classic L) methods, the Graduated non-convexity (GNC) scheme that linearly combines 

a quadratic objective with a robust objective in varying proportions, from fully quadratic to fully robust is used.  

3. DCT feature map of image blocks 

      As the image is divided into patches, it is essential to find the relative motion of  Ὥ  patch. Salient regions in visual scenes have 

feature contrast from their surrounding regions. Thus, calculating the feature contrast between the image patches and their surrounding 

patches is the direct method to extract salient regions in visual scenes. We  calculate  the  saliency  value  of  each  image  patch based 

on the  feature  contrast  between  this  image  patch  and all the  other  patches  in  the  image. Here, we use a  Gaussian model of 

spatial distance between image patches to weight the feature which determines the impact of neighboring patches based on their 

distances to the current patch.  

ὺ В
Ѝ
Ὡ ς„  )Ὀ  

 

where Ὀ  is the length of the vector difference between the mean absolute motion vectors of patches i and j. ὰ represents the spatial 

distance between image patches i and j. ů is the parameter of the Gaussian model. 

4. Final Saliency Map Calculation  

 

It would be a surprising event to HVS, if an object is of strong motion with respect to the background. HVS would pay more attention 

to such events. So, visual attention of motion can be calculated  on the basis of the perceptual prior probability distribution about the 

speed of motion. Based on the results of [16], the perceptual prior probability distribution of motion speed can be defined with a 

power-law function: 

p(v) = ə/Ö 

where v is the motion speed; and ə and Ŭ are two positive constants. That is, with increasing object speed, the probability decreases 

and hence  the visual surprise increases. This also helps to compute the motion speed based temporal saliency using its self-

information as 

      

Ὓ = - log p(v) = Ŭ log v + ɓ 

 

where ɓ= - log k is a constant. The value of parameters Ŭ and ɓ are based on the study [16]. Removing the GNC step for the  

Charbonnier penalty function causes high EPE on most sequences and higher energy on all sequences. 
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EXPERIMENTS & RESULTS 

A publicly available Stereoscopic image dataset Middlebury 2005/2006/2014 is used to evaluate the performance of the proposed 

model. The database contains more than 30 stereoscopic images with various types such as outdoor scenes, indoor scenes, scenes 

including objects, scenes without any various object, etc. Some of them are shown below. 

 

Figure 2: Sample Images of Middlebury dataset 

Stimuli were displayed on a 26-inch Panasonic BT-3DL2550 LCD  screen  with a resolution of 1920 × 1200 pixels and refresh rate of 

60 Hz. The stereoscopic stimuli was viewed by participants with a pair of passive polarized glasses at a distance of 93 cm. The 

environment luminance was adjusted for each observer and thus the pupil had an appropriate size for eye-tracking. The data was 

collected by SMI RED 500 remote eye-tracker and a chin-rest was used to stabilize the observerôs head. 

Generally, an efficient saliency detection model would have high response at the most attractive region and no response at 

random locations. The performance of the proposed model is measured by comparing the ground-truth and the saliency 

map from the saliency detection model.  Some of the performance evaluation measures for Saliency detection models are 

KLD (Kullback Leibler Distance), PLCC (Pearson Linear Correlation Coefficient) and AUC (Area under the Receiver 

Operating Characteristics Curve).  

 

Among this, Kullback Leibler Distance is used to measure the similarity between these two distributions. Here saliency 

distributions at the most attractive region and random locations are calculated over the saliency map as: 

KL (H, R) = В È  log 
    

 + В Ò  log 
     

) 

where H and R are saliency distribution at the most attractive region and random locations with probability density 

function Ὤ and ὶ respectively. The saliency detection model with larger KL distance value gives better performance. 

PLCC (Pearson Linear Correlation Coefficient) is another measure, with its low value gives better performance. It is 

calculated directly from the comparison between the fixation density map and the predicted saliency map.  Table 1 shows 

the performance evaluation measure values of PLCC and KL distance for existing methods and the proposed one. 
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r = 
В  

В  В

В  
В

  В  
В

 

where X and Y are the pixel points in the saliency map.    

                              

                                              Table I: KL Distance & PLCC value for existing methods and the proposed system. 

 

 

 

 

 

From the table it is clear that the proposed method have the maximum KL Distance value over the previous methods, which means 

that the most salient region will be away from other random locations. This gives an accurate saliency map. Figure 3 shows the visual 

comparison of stereoscopic saliency detection models. It shows the final output obtained from different existing methods and the 

proposed one. 

 

 

     Figure 3. Visual comparison of stereoscopic saliency detection models. (a)  Input Image (b) Saliency map using model [2]                 

     (c) Saliency map obtained using  Adaptive feature map  fusion[1] (d) Proposed model. 

 

From the figure, we can clearly see that the output obtained from the optical flow method is clear over the other two. In [1] and [2], 

the salient region is spread and so that a particular region cannot point out. They destroys the overall information and makes the image 

     Models     KL Distance           PLCC 

Model [19]         0.364            0.6 

Model [5]         0.346            0.58 

Model [14]         0.438            0.46 

Model [15]         0.301            0.424 

Model[2]         0.443            0.4 

Model[1]         0.6487            0.389 

Proposed 

system 

        0.7030            0.301 
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unclear. The proposed method is far better than the existing stereoscopic saliency detection methods [2], [1] and it almost preserves 

the scene as it is. 
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CONCLUSION 

       Visual saliency is the distinct subjective perceptual quality which immediate attracts humansô attention. Saliency detection models 

finds this most attractive region. Different from all existing methods, we have proposed a new stereoscopic saliency detection using 

Optical flow method. It takes the concepts of relative motion of the scene in the Image captured by the left eye and right eye. The 

limitation is the availability of stereoscopic image pairs having good resolution. The method gives a promising and efficient result 

over all existing methods. In future, it can be enhanced for the salient region/object  detection in videos. 
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Abstractð In this paper an object recognition method using saliency maps is proposed. Saliency maps are used to find the most 

informative part in an image. Label Propagation Saliency (LPS) method is used to generate saliency maps on the basis of background 

and objectness labels extracted from the image. Object recognition can be performed on saliency maps using Principal Component 

Analysis (PCA) and k-Nearest Neighbor search (k-NN). During training phase 357 images are trained by applying PCA to retrieve the 

key features and they are stored in database. During testing phase PCA is applied on the input image to retrieve features. The stored 

values are loaded and a kd-Tree is constructed and searching is done on it which trains the features into different categories based on 

Euclidean distance. kd-Tree search values and PCA values of input image are given as input to k-NN algorithm to find the category of 

input image. 

Keywordsð  Saliency Maps, Background labels, Objectness labels, Label Propagation Saliency(LPS), Principal Component 

analysis(PCA), kd-Tree, k-Nearest Neighbor(k-NN) 

INTRODUCTION 

Object recognition is considered as an important application of image processing. Object recognition is a process of identifying 

specific objects in an image. Object recognition can be effectively computed using saliency maps. Image saliency detection aims to 

effectively identify important and informative regions in images. Salient object detection is typically accomplished by image contrast 

computation, either on a local or a global scale estimates the saliency degree of an image region by computing the contrast against its 

local neighborhood. Various contrast measures have been proposed, including mutual information, incremental coding length and 

center- versus-surround feature discrepancy. 

It has been verified that color contrast is a primary cue for satisfying results .Other representations based on the low-level features 

try to exploit the intrinsic textural difference between the foreground and background, including focusness ,textual distinctiveness, and 

structure descriptor . They perform well in many cases, but can still struggle in complex images. 

In the work done by [1], viewed the problem from a different viewpoint: It focused  more on the background instead of the object. 

They exploited two common priors about backgrounds in natural images, namely boundary and connectivity priors, to provide more 

clues for the problem. Accordingly a novel saliency measure called geodesic saliencies proposed. It is intuitive, easy to interpret and 

allows fast implementation. Furthermore, it is complementary to previous approaches, because it benefits more from background 

priors while previous approaches do not. 

In [2] a unified approach to incorporate low-level features and the objectness measure for saliency detection via label propagation is 

proposed. Since the border regions of the image are good indicators to distinguish salient objects from the background ,we observe 

that the boundary cues can  be used to estimate the appearance of the background while the objectness cues focus on the 

characteristics of the salient object. Therefore, a refined co-transduction [3] based method, namely label propagation saliency (LPS), is 

proposed. In this framework, the most certain boundary and object regions are able to propagate saliency information in order to best 

leverage their complementary influence. As the boundary cue can be quite effective in some cases and the objectness measure requires 

additional computation, a compactness criterion is further devised to determine whether the results propagated by boundary labels are 

sufficient. 

Object recognition is performed on saliency maps using Principal Component Analysis (PCA) and k-Nearest Neighbor algorithm 

(k-NN). During the training phase image features are extracted using PCA. During the testing phase, a kd-Tree is constructed from the 

stored values during the training phase. PCA is applied on test image to extract  the key features  .This kd-Tree along with the key 

features of test image are given as input to k-NN algorithm. It gives exact classification and class of test image. 
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RELATED WORK 

Due to the absence of high level knowledge, all bottom up saliency methods rely on assumptions or priors1 on the properties of 

objects and backgrounds. Arguably, the most fundamental assumption is that ñappearance contrast between object and background is 

highò. This assumption states that a salient image pixel/patch presents high contrast within a certain context. It is intuitive and used in 

all saliency methods, explicitly or implicitly. In geodesic saliency it is called as contrast prior for conciseness. 

Contrast prior based methods have achieved success in their own aspects, but still have certain limitations. Typically, the 

boundaries of the salient object can be found well, but the object interior is attenuated. This ñobject attenuationò problem is observed 

in all local methods and some global methods. It is alleviated in global methods [4], [5], but these methods still have difficulties of 

highlighting the entire object uniformly. 

In essence, the saliency object detection problem on general objects and background is highly ill-posed. There still lacks a common 

definition of ñwhat saliency isò in the community and simply using contrast prior alone is unlikely to succeed. While previous 

approaches are mostly based on their own understanding of ñhow the contrast prior should be implementedò huge behavioral 

discrepancies between previous methods can be observed, and such discrepancies are sometimes hard to understand. 

Jiang et al.[6] introduce an absorbing Markov chain method where the appearance divergence and spatial distribution between 

salient objects and the background are considered. Cheng et al. [7] formulate a regional contrast based saliency algorithm which 

simultaneously evaluates global and local contrast differences. Inspired by these works, in LPS an affinity matrix is constructed based 

on the color feature of superpixels with two adjustments to involve spatial relations. 

A novel label propagation method is proposed in [8] to rank the similarity of data points to the query labels for shape retrieval. We 

apply and refine the theory to make full use of the background and foreground superpixels, which has been rarely studied in saliency 

detection. Distinct from the work of Yang et al. [9] where a manifold ranking algorithm assigns saliency based on priors of all 

boundary nodes, in this work,(a) we only take some boundary nodes to eliminate salient regions that appear at the image border; (b) 

both boundary and foreground nodes are selected as complementary labels in a co-transduction framework to fully distinguish salient 

areas from the background; and (c) the revised label propagation algorithm has zero parameter whereas in [9] the sensitive Ŭ has a 

vital effect on results in different datasets. 

PCA- Based Feature Extraction and k-NN algorithm for detection of jaundice in children was proposed in[12].The proposed jaundice 

detection algorithm localizes the face from the given input image using the Haar Classifer method were employed. The detected face image is 

projected using Eigen face analysis and classified using the k nearest neighborhood (k-NN). 

 

PROPOSED METHOD 

In this object recognition method two phases are included Training phase and Testing phase to correctly classify the object 

into corresponding class. 

 
1. TRAINING PHASE: 

Images are trained to extract their key features in the training phase. 357 images of different category are used. At first 

saliency detection is performed on each of training images and then Principal Component Analysis(PCA) is used to extract the key 

features. PCA helps to extract those values which show maximum variance in the shape of saliency image and the data is projected to 

a new dimension of maximum variance that best discriminates the data. Saliency detection for each image is performed using Label 

Propagation Saliency (LPS) method and this saliency map is used for object recognition. 

 

1.1 Label Propagation Saliency (LPS) 

 

LPS mainly uses background and objectness labels to propagate their information and find saliency maps from the 

propagated information. First an affinity matrix is constructed among superpixels to be used in the propagation algorithm. L0 gradient 

minimization [10] is implemented to obtain a soft abstraction layer while keeping vital details of the image. Superpixels are generated 

to segment the smoothed image into N regions by the SLIC algorithm [11], where regions at the image border form a set of boundary 

nodes, denoted as B. In this work, we refer the superpixel as a node or a region. 
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The similarity of two nodes is measured by a defined distance of the mean features in each region. Based on the intuition that 

neighboring regions are likely to share similar appearances and that remote ones do not bother to have similar saliency values even if 

the appearance of them are highly identical, we define the affinity entry ύ  of superpixel i to a certain node j as the difference 

between mean of features between two nodes. 

Some background nodes are selected as boundary nodes and they are set as query labels to propagate saliency information on the 

basis of affinity matrix. This method is called inner propagation. 

Given an affinity matrix, we endeavor to propagate the information of the background labels to estimate saliency measure of other 

superpixels. The similarity measure V (ὶ) satisfies. 

                                                                   ὠ  ὶ В ὥ  ὠ(ὶ                                                                                 (1) 

Algorithm 1 Inner Label Propagation via Boundary Nodes 

Input:  The N  N row ïwise normalized color affinity matrix ὃ .The set of selected boundary labels ὄǋ and the set of unlabelled 

U={R\ὄǋ}. 

1.    t = 0  

2.   Initialize, set ὠ(ὶ=1 for ὶ ᶰὄǋ and  ὠ(ὶ= 0 for ὶ  ɴU 

3.   while check > thres do 

4.        for ὶ  ɴU   do 

5.              ὠ  (ὶ) = В ὥ  ὠ(ὶ  

6.        end for 

7.        t = t+1 

8.        check  = var (╥◄, ╥◄ éééé.,╥◄╬▫▪▼◄) 

9.   end while 

10. ╢   = ones (N) ï normalize ( ╥◄) 

11. ╢ ὶ  = sp2map (Ὓ  

Output:   The regional map .Ὓ ὶ  from background labels. 

 

Algorithm 1 summarizes the inner label propagation via boundary nodes. The convergence of the similarity measure V is ensured 

by checking whether its average variance in the last 50 iterations (i.e., const = 49) is below a threshold. sp2map(.) means mapping the 

saliency measures of N regions into an image-size map. 

In most cases, the inner propagation with help of the boundary labels works well whereas in some complex scenes, depending on 

the boundary prior alone might lead to high saliency assignment to the background regions. It naturally suggests us to use some 

foreground prior to improve the results further. 

In some cases, the inner propagation via boundary labels alone has better saliency maps than a combination of boundary and 

objectness labels, which results from the slight disturbance of objectness measures near the salient object. A compactness score is used 

to evaluate the quality of regional saliency map  ╢ ὶ  generated by Algorithm 1. 

                                        C(S) = В ύὦȢὬ ὦ                                                                                         (2) 
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b denotes each quantization of the resultant saliency map, Ὤ ὦindicates a 10 bin histogram distribution of the map and w(b) 

indicates the weight upon each bin. Based on the aforementioned characteristic of the failure saliency maps in the inner boundary 

propagation, we take a triangle form of the weight term, ie. w(b) = min(b,(11-b)).Only the saliency maps with score lower than a 

compactness score(1.6) will be updated by the inter propagation via a co-transduction algorithm. Such a scheme not only ensures high 

quality of the saliency maps, but also improves the computational efficiency. 

Due to shortcomings of background priors in case of complex images objectness priors are introduced. Several useful priors are 

exploited and combined in a Bayesian framework, including multi-scale saliency (MS), color-contrast (CC), edge density (ED). MS 

measures the uniqueness of objects according to the spectral residual of the imageôs FFT. CC considers the distinct appearance of 

objects via a center-surround histogram of color distribution. ED capture the closed boundary of objects. It computes the density of 

edges near  window borders. These cues are combined independently in a naive Bayes model. 

Let ὴ be a probability score of the m-th sampling window, the pixel-level objectness map O (p) is obtained through overlapping 

scores multiplied by the Gaussian smoothing kernel of all sampling windows. 

                                O (p) =  В ὴ . exp [ -( 
ů

 +
ů
  )]                          (3) 

where M = 1000 is the number of sampling windows ὼ ,ώ,ὼ ,ώ denote the coordinates of pixel p and the center coordinates of 

window m respectively. „= .25W and „= .25 H, where W is the width and H the height of an image. The region-level objectness 

map O (ὶ)  is the average of pixels objectness values within a region: 

                                O (ὶ) = В ὕᶲ                                                                                                              (4)  

Where ὲ indicates number of pixels in region ὶ .A simple average of pixels scores within a region leads to mid-value saliency in 

vast background areas since the pixel-level map from which the region-level map is generated is ambiguous around the salient object 

in the first place. 

Based on the fact that high values of region-level objectness score calculated by Eqn.4 can better indicate foreground areas, the set 

of objectness labels O is created from superpixels whose region-level objectness O (ὶ) is no less than the objectness criterion. Thus a 

complementary combination of the boundary and objectness labels could be a better choice. 

A new co-transduction algorithm for saliency detection is implemented which uses one label set to pull out confident data and add 

additional labels as new hints to the other label set. The inter label propagation algorithm is summarized in Algorithm 2. During each 

iteration in Algorithm 2 (through line 11 to 16), ὴsuperpixels which are most different from the boundary labels are picked out and 

added to the objectness set and the update of the boundary set is similarly achieved with a different superpixel number ὴ.We set 

ὴ, ὴto be ὴ << ὴ because the background regions often significantly outnumber the foreground ones. Final saliency measure is 

computed as a linear combination of the resultant Ὓand Ὓ in the last iteration from boundary and objectness labels respectively. 

The inter propagation algorithm strengthens the connection of salient regions by employing objectness labels and distinguishes the 

foreground better from the background by enlarging the set of boundary labels from objectness cues, thus best leveraging the 

complimentary information of both label sets. 
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                                                    Fig:1 Block Diagram of Proposed System            

                                              

                Algorithm 2  Inter Label Propagation via Boundary and Objectness Nodes 
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Input : The N ×N row-wise normalized color affinity matrix Ac. The set of selected boundary labels B0 and the set of objectness 

labels O. 

 

1.    t = 0  

2.   Initialize ὠ = 0, ὠ = 0 

3.   while  ὧὬὩὧὯ,ὧὬὩὧὯ> thres do 

4.        set ὠ (ὶ=1 for ὶ ᶰὄǋ and  ὠ (ὶ=1for ὶ ᶰὕ 

5.        Create unlabelled sets Ὗand Ὗsuch that Ὗ= {R\ὄǋ},Ὗ= {R\O} 

6.        for ὶᶰὟ, ὶᶰὟ  do 

7.            ὠ (ὶ) = В ὥ  ὠ (ὶ  

8.            ὠ (ὶ) = В ὥ  ὠ (ὶ  

9.         end for  

10.      t = t + 1 

11.  ὧὬὩὧὯ ὺὥὶὠ,éé. ὠ ) 

12.  ὧὬὩὧὯ ὺὥὶὠ,éé. ὠ ) 

13.  temp1= sort (ὠ  ,ôascentô) 

14.  temp2= sort (ὠ  ,ôascentô) 

15.   ὒ= temp1(1: ὴ) , ὒ= temp2(1: ὴ) 

16.   ὄǋ = ὄǋ  ᷊ὒ, O = ὕ  ᷊ὒ 

17. end while 

18. Ὓ  = ones(N) ï normalize(ὠ ) 

19. Ὓ  = normalize(ὠ ) 

20. Ὓ = normalize (ŬὛ  +ɓὛ  ) 

21. Ὓ ὶ  = sp2map (Ὓ  

Output:4ÈÅ ÃÏÍÂÉÎÅÄ ÒÅÇÉÏÎÁÌ ÓÁÌÉÅÎÃÙ ÍÁÐ Ὓ ὶ . 

 

In order to eliminate the segmentation errors of the SLIC algorithm, pixel-level saliency is defined as a weighted linear 

combination of the regional saliency Ὓ ὶ  or Ὓ ὶ   of its surrounding superpixels. 

        S (p) =В ÅØÐ Ὧ|| ὧ - ὧ || + Ὧ || ᾀ- ᾀ ||)) ὛȾ (ὶ)                                                                             (5) 

Where ὧȟὧ ȟ ᾀȟᾀ   are the color and coordinate vectors of a region or a pixel, G denotes the number of direct neighbors of region 

ὶand ὛȟὛ indicates the straightforward region level result descending from Algorithm 1 or Algorithm 2. By choosing a Gaussian 

weight it is ensured that the up sampling process is both local and color sensitive.Ὧ and Ὧare parameters controlling the sensitivity to 

color and position, where Ὧ= 0.2 and Ὧ =0.01.  
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     1.2   Principal Component Analysis (PCA) 

PCA is applied on all the 357 saliency maps produced from the corresponding training images to extract the key values. Key 

values produced as a result of application of PCA along 50 dimensions are stored on database along with category labels.PCA can be 

used to find the maximum variance in the original space.PCA is used to extract feature vector and reduce the dimensions of process 

data.PCA is a technique that can be used to simplify a dataset. It is a linear transformation that chooses a new coordinate system for 

the data set such that variance by any projection of the data set lie on the first axis (first principal component), the second variance on 

the second axis, and so on. PCA can be used for reducing dimensionality by eliminating the later principal components. Principal 

component analysis provides a road map for how to reduce a complex data set to a lower dimension. Thus dimensionality reduction is 

also performed which helps classification works faster. The important steps of PCA are: 

1. Take the whole training images consisting of d-dimensional samples ignoring the class labels. 

2. Compute the d-dimensional mean vector (i.e., the means for every dimension of the whole training images. 

3. Compute eigenvectors (ὩȟὩé.Ὡ  and corresponding eigenvalues (‗ȟ‗ȣ‗ ȢEigen values are a product of 

multiplying matrices however they are as special case. Eigen values are found by multiples of the covariance matrix by a 

vector in 2 dimensional space. 

4. Sort the eigenvectors by decreasing eigenvalues and choose k eigenvectors with the largest eigenvalues to form a d × k 

dimensional matrix. 

5. Use this d × k eigenvector matrix to transform the samples onto the new subspace. 

 

2. TESTING PHASE 

When an test image is given as input saliency map is constructed from that image using the Label Propagation Saliency (LPS) 

methods used in training phase. Principal Component Analysis (PCA) is applied on test image to extract key features of input image. 

Object values extracted from training images that are stored in database are loaded in this phase. These loaded features are given as 

input to kd-Tree which trains the features into different categories based on Euclidean distance. 

   2.1  kd-Tree Construction 

The kd-Tree is a generalization of the simple binary tree used for sorting and searching. The kd-Tree is a binary tree in which each 

node represents a subfile of the records in the file and a partitioning of that subfile. The root of the tree represents the entire file. Each 

non terminal node has two sons or successor nodes. These successor nodes represent the two sub files defined by the partitioning. The 

terminal nodes represent mutually exclusive small subsets of the data records, which collectively form a partition of the record space. 

In the case of one-dimensional searching, a record is represented by a single key and a partition is defined by some value of that 

key. All records in a subfile with key values less than or equal to the partition value belong to the left son, while those with a larger 

value belong to the right son. The keg variable thus becomes a discriminator for assigning records to the two sub files. 

In k dimensions, a record is represented by k keys. Any one of these can serve as the discriminator for partitioning the subfile 

represented by a particular node in the tree; that is, the discriminating key number can range from 1 to k. The discriminator for each 

level is obtained by cycling through the keys in order. That is, d= L mod k + l where d is the discriminating key number for level L 

and the root node is defined to be at level zero. The partition values are chosen to be random key values in each particular subfile. 

The k-d tree data structure provides an efficient mechanism for examining only those records closest to the query record, thereby 

greatly reducing the computation required to find the best matches.  

The search algorithm is most easily described as a recursive procedure. The argument to the procedure is the node under 

investigation. The first invocation passes the root of the tree as this argument. Available as a global array is the domain of that node; 

that is, the geometric boundaries delimiting the subfile represented by the node. The domain of the root node is defined to be plus and 

minus infinity on all keys. These geometric boundaries are determined by the partitions defined at the nodes above it in the tree. At 

each node, the partition not only divides the current subfile, but it also defines a lower or upper limit on the value of the discriminator 

key for each record in the two new subfiles. The accrual of these limits in the ancestors of any node defines a cell in the 

multidimensional record-key space containing its subfile. The volume of this cell is smaller for subfiles defined by nodes deeper in the 
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tree. If the node under investigation is terminal, then all the records in the bucket are examined. A list of the m closest records so far 

encountered and their dissimilarity to the query record is always maintained as a priority queue during the search. Whenever a record 

is examined and found to be closer than the most distant member of this list, the list is updated. If the node under investigation is not 

terminal, the recursive procedure is called for the node representing the subfile on the same side of the partition as the query record. 

When control returns, a test is made to determine if it is necessary to consider the records on the side of the partition opposite the 

query record. It is necessary to consider that subfile only if the geometric boundaries limiting those records overlap the ball centered at 

the query record with radius equal to the dissimilarity to the ά closest record so far encountered. This is referred to as the "bounds-

overlap-ball" test. If the bounds-overlap ball test fails, then none of the records on the opposite side of the partition can be among the 

m closest records to the query record. If the bounds do overlap the ball, then the records of that subtree must be considered and the 

procedure is called recursively for the node representing that subfile. A "ball-within-bounds" test is made before returning to 

determine if it is necessary to continue the search. This test determines whether the ball is entirely within the geometric domain of the 

node. If so, the current list of m best matches is correct for the entire file and no more records need be examined.      

                                    

 

Fig:2  kd-Tree decomposition for the point set                                                           Fig: 3  The resulting k-d tree 

    (2,3), (5,4), (9,6), (4,7), (8,1), (7,2)    

 

2.2    k-Nearest Neighbor Search(k-NN)               

Once a  kd- Tree searcher model object is created, the stored tree  can be searched to find all neighboring points to the query data 

by performing a nearest neighbors search using k-NN search. The nearest neighbor search (NN) algorithm aims to find the point in the 

tree that is nearest to a given input point. This search can be done efficiently by using the tree properties to quickly eliminate large 

portions of the search space. Searching for a nearest neighbor in a kd-Tree proceeds as follows: 

1. A positive integer k is specified, along with a new sample. It can provide the k nearest neighbors to a sample by maintaining k 

current bests instead of just one. A branch is only eliminated when k points have been found and the branch cannot have 

points closer than any of the k current bests. 

2. Starting with the root node, the algorithm moves down the tree recursively, in the same way that it would if the search point 

were being inserted (i.e. it goes left or right depending on whether the sample value of test image is lesser than or greater than 

the current node in the split dimension). 

3. Select the k entries in our database (nodes of kd-Tree) which are closest to the new sample. 

4. Find the most common classification of these entries. This is the classification we give to the new sample 

 

EXPERIMENTAL RESULTS  

The proposed method is evaluated on cmu-cornell icoseg dataset. 357 images are used for training and more than 150 images 

are tested. The results produced shows that the saliency map produced from the method is of high quality. PCA gives the exact key 

features which helps to discriminate classes. kd-Tree helps to reduce the execution time. The execution of the entire process is 
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estimated to be 30 seconds which is possible with help of fast searching using kd-Tree. k-NN correctly classifies the test image. The 

entire process is evaluated and accuracy of overall process is estimated to be 96.3415%. The results of the entire process is shown in 

Fig:3. 

 

                            
         

(a)                                                      (b)                                                          (c)                                                  (d) 

  

                           
 

                              (e)                                                     (f)                                                         (g) 

Fig 4: Results of object recognition method (a) Input Image (b) L0 Smoothing (c) SLIC segmentation (d) LPS method of saliency 

detection (e) Pixel Level Coherence (f)  Detection from saliency map (g) Accuracy of method 

 

CONCLUSION 

An object recognition method from saliency maps is proposed. Saliency maps are generated using Label Propagation saliency 

method (LPS). In this method background and objectness labels are extracted from the SLIC segmented image. These labels are used 

to propagate the similarity of other segments to these labels. On the basis of the  LPS algorithm the salient portion in an image is 

extracted. This saliency detection is performed on all the test images during the testing phase and then PCA is used to extract key 

features and they are stored in database along with class labels. During testing phase the stored values are loaded and a kd-Tree is 

constructed from the values and then k-Nearest Neighbor(k-NN) algorithm is applied on kd-Tree to get the correct classification of 

test image and hence recognize the class of test image. Performance evaluation shows the method works well in the case of almost all 

images. 
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ABSTRACT: Training and Placement may be a department existing in several organizations that involve in providing needed 

coaching and inserting them in acknowledged institutes. Typically they have large documentation method that is cumbersome once 

done manually. Automation of Training and Placement Cell may be a net-based application developed within the windows platform 

for the training and placement department of the faculty so as to produce the main points of its students during information for the 

businesses to their method of accomplishment supplied with a correct login. This method is often used as an website application for 

the TPO of the faculty to manage the college data with regards to placement. Students will try Online examination or search the fabric 

needed for the choice method like technical and reasoning. Once field picks area unit conducted the college ought to offer their CV to 

the priority officer for attending the field interviews. This method mimics the manual procedures, like maintenance of their resumes 

and credentials, causing job alerts. 

Keywordsð Training and Placement Cell, Automation, TPO, Online Examination, Net-based application, Website, Job alerts. 

1.INTRODUCTION  

Placement coaching plays a significant role in shaping up the career goals of scholars. It's the dream of each engineering student to 

urge placed in a very prime organization visiting their field for achievement. Keeping this key side into thought, it's complete that 

coaching is very important for engineering students to boost their employability skills and succeeds good placement in varied 

Industries. At present, the competition for employment is increasing daily and placement has become a difficult task. Coaching of 

scholars and armament them with life skills has become a vital responsibility of the establishment. At the side of technical experience 

development of a holistic temperament is additionally necessary. The coaching and Placement Section of the Institute centrally 

handles field placement of the graduating students of all Departments, Centers and colleges [1] 

The Section provides glorious infrastructure to support each stage of the location method. Arrangements for Written Tests, Pre-

Placements Talks, Group Discussions, Interviews and so on. Square measure created as per the necessities of the organizations. The 

section conjointly arranges for summer sensible coaching for all pre-final year B. Tech. Students and third year students of five year 

twin degree M. Tech courses over seventy fifth of total students placed beneath field placement achievement for each batch starts from 

forwards. On top of half-hour of scholars are becoming over one placement. In each branch concerning students crack varied post 

graduate exams like CAT, GRE, GATE, GMAT etc. These students get recruited by top universities round the world. Now a days field 

placement area unit conducted all told schools. Various code and alternative sector firms area unit conducting field picks for choosing 

advantage candidates. When field picks area unit conducted the scholars ought to give their summary to the priority officer for 

attending the field interviews [2, 3] 

2. AUTOMATION OF TRAINING AND PLACEMENT CELL  
To reduce the work needed to manage student information and therefore this information of varied recruiters, a replacement system is 

projected that is processed through computers [4]. To develop a system that will accomplished the following:-  

¶ Reduce the work and hold. Improve the output of operators. Improve accuracy in result.  

¶ Allow simple navigation through CVôs and company information. 

¶ Manage the person and machine resources with efficiency. 

¶ Its user friendly interface having fast access to documents. 

¶ Easily ascendible to grow with ever-changing system demand.  

¶ Secured sign in and updates. 

2.1 TRAINING ACTIVITIES  

¶ Create awareness regarding ñcareer planning" and "career mapping" among the scholars. 

¶ Equip the coed with life skills. 

¶ Train the scholars on ñPersonality development". 
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¶ Organize numerous coaching Programs to coach the scholars within the areas of Quantitative ability, Logical 

Reasoning and Verbal reasoning through the putative external coaching organizations and in-house trainers. 

¶ Train the scholars through Mock Interviews to perform well within the skilled interviews as per the expectations of 

the company world. 

¶ Train the scholars on give-and-take techniques. 

¶ Conduct on-line tests and written ability tests. 

 

2.2 PLACEMENT ACTIVITIES  

¶ Job alerts 

¶ Campus selection alerts 

¶ Short list students 

¶ Maintain company profiles 

¶ Maintain Student profiles 

¶ Selected students list maintenance 

2.3 ROLE OF TRAINING AND PLACEMENT CELL  

The decision on the selection of intervention a technique is solely supported the Pre coaching Analysis report. A series of Pre coaching 

Assessments are going to be administered to every and each individual and can be mapped on the skill-will matrix. The scholars can 

then be coached, guided, mentored, supported or trained counting on the requirements of the scholars. So as to live the coaching 

effectiveness the scholars also will be subjected to a series of Post coaching Assessment when completion of every of the coaching 

module [5]. The scholarôs square measure trained to achieve the higher than objectives through a spread of programs surpass the 

Training and Placement Cell such as: 

¶ Corporate leaders from numerous leading industries square measure invited often to act with students. 

¶ Language learning programs to coach students in developing their communication skills and foreign language skills 

like German and French exploitation a people Language science laboratory. 

¶ Training through cluster Discussions for college kids to perform well within the skilled interviews that is that the 

screening ways utilized by leading firms lately. 

¶ Training through Mock Interviews for college kids to perform well within the skilled interviews as per the 

expectations of the company world. 

 

2. 4 ARCHITECTURE OF TRAINING AND PLACEMENT CELL  

In the design of Training And Placement Cell we tend to designed two users TPO and Student.Training and Placement officer and 

Student were produce a placement cell module  through the net and these are keep within the information [6]. 

 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƗȮɯ,Èà-)ÜÕÌȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

134                                                                                                   www.ijergs.org   

 

Fig. 1: Architecture of training and placement cell 

2.5. TRAINING AND PLACEMENT/STUDENT OPERATION:  

In the Placement Officer and Student operations, the coed will register his details and send to the location officer 

for applying the roles. Then the officerôs post-employment for student weather they'll settle for or decline the task post 

then they were attending the actual drive [7]. The Training and Placement Cell Officer was conducting the drive those are 

through for interview publish select list for college students. The colleges were checking the chosen list for drives 

conducted. 

 

    

   Fig. 2: Training and placement/Student operation 

3. RESULTS 

The following screenshots that we designed for Training and Placement Cell are 
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     Fig. 3: Add Subjects 

 

     

     Fig. 4: Add Quiz 
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     Fig. 5: Add Questions 

 

   

     Fig. 6: Results 
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     Fig. 7: All Jobs 

 

 

     Fig. 8: Add Jobs 

 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƗȮɯ,Èà-)ÜÕÌȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

138                                                                                                   www.ijergs.org   

 

         

      Fig. 9: Job Types 

 

 

     Fig. 10: Apply for Job 
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                                         Fig. 11: Online Exam 
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5. CONCLUSION 

The industrial web site that designed to produce world category facilities of visited corporations. The coming up with of web site has 

been tired associate degree interactive manner keeping in mind the comfort of the user. This is useful to the scholars because this 

consists of following options. This generates reports that offer description details as well as varied numbers of scholars placed in 

company. This conjointly provides placed student info in step with company. 
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Abstractð A well-structured and properly built chassis improves crash worthiness, passenger safety and weight efficiency. But 

there is a need for weight reduction of vehicles for improved fuel economy, performance and emissions. This paper is aimed at weight 

reduction of a 16 tonne truck chassis through FEA analysis. The chassis was designed and simulated for stresses and displacements 

using "Altair Hyperworks 13.0". Effects of material change on various factors was studied. The possible areas of material reduction 

were identified using topology optimization and the chassis was optimized for minimum weight. 

 

Keywordsð Truck chassis, FEM, weight optimization, carbon fiber, Hypermesh 

 

INTRODUCTION 

When the vehicle is running it is acted upon various loads over the complete course of time it's running like, vertical loading, braking 

and acceleration loading, cornering forces, torsional forces etc. Out of the all these the vertical load decides the maximum load 

carrying capacity of chassis. Truck chassis are of ladder type, with two side members connected to each other by lateral cross 

members to form an integral support structure for all the components and payload. The side members provide vertical rigidity while 

the cross members provide torsional rigidity.[1] 

Vehicle weight is one of the important factor considered while designing. The weight of chassis is the major contributor to the 

unsprung mass of the vehicle. Improvements are always welcome when the reduction in unsprung mass is considered in order to make 

the system less bulky. This has to be done by using trial and error method, but doing it on prototype is expensive and time consuming 

hence finite element methods(FEM) are used. 

METHODOLOGY  

Weight optimization is carried out in 5 steps. 

Step 1 : Modeling and meshing of chassis 

A heavy duty truck chassis was modeled using ñSolidWorks 2013ò. The chassis was modeled using surfacing modeling as shown in 

fig no.1. The meshing was carried out using "Altair Hyperworks 13.0". The side members and cross members were meshed as 2D 

shell elements where as the axles were modeled and meshed as 1D bar elements.[12] 

 

Figure 2: CAD Model of Chassis 
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Figure 3: Meshed Model 

 

Step 2 : Application of various loads on chassis 

The loads considered are of the unsprung components. The details of the loads and the point of application are as below;[1] 

TABLE 1: LOADS APPLIED ON THE CHASSIS 

Sr No. Component Load (kg) Distance from front Axle (mm) 

1 Radiator 48 576 

2 Cabin 619 307 

3 Engine + Gear box 650 623 

4 Battery 35 1294 

5 Fuel Tank 250 1630 

6 Payload 11698 1630 onwards UDL 

 

 

Figure 4: Applied Loads 

 

Step 3: Static analysis 

By the use of the Optistruct solver of "Altair Hyperworks 13.0" static analysis was carried out. In this analysis vertical loading i.e. the 

self wait of all the components attached to the chassis and torsional moment applied at the front end of the chassis is considered. 
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Step 4: Topology Optimization 

Using the Optistruct module of "Altair Hyperworks 13.0" topology optimization is carried out. Element density is checked and the 

critical and non critical areas are found out. 

Step 5: Material Change  

Various combination of materials were used for different components of chassis like side members, cross members etc. and static 

analysis was carried out to check the structural strength. The various materials which were used are; 

TABLE 2: PROPERTIES OF VARIOUS MATERIALS USED [3]-[6] 

Sr No. Material Yield Strength (MPa) Density (gm/cc) 

1 HLSA350 350 7.79 

2 HLSA420 420 7.89 

3 HSLA550 550 7.80 

4 Aluminium2045-T4 480 2.60 

5 Carbon Epoxy 1730 1.60 

 

RESULTS AND DISCUSSION 

The static analysis carried out helps in finding out the maximum vertical displacement of the chassis and the bending stresses induced 

due to the applied static loads. The material used for the primary analysis was steel (Young's Modulus 210MPa; Density 7.9gm/cc). 

The maximum displacement was found out to be 22.55mm whereas the maximum stress developed was 379.3MPa. 

 

Figure 5: Displacement Plot for steel 
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Figure 6: Stress Plot for steel 

The mass was calculated using the mass calculate command in "Altair Hyperworks 13.0". To start optimization it is necessary to study 

the element density cloud. Topology optimization was carried out, where it was seen that the critical areas (i.e. areas with maximum 

requirement of materials) were the side members, whereas the cross members and axels were less critical. This helps in deciding 

which material can be used for which components 

 

Figure 7: Topology Optimization 

 

Taking this element density cloud into consideration various combinations were tried out for weight optimization. Table 1 shows the 

different combinations and weight change for all of them. 

TABLE 3:  RESULT TABLE OF WEIGHT OPTIMIZATION 

Sr No. Side Member Cross Member X- Member Axle Total Weight 

(kg) 

% Difference 

1 Steel 719.393  

2 HSLA 550 710.286 1.266% 

3 HSLA 420 718.482 0.127% 

4 HSLA 350 709.376 1.392% 

5 HSLA 550 Al  Al  HSLA 350 650.23 9.614% 

6 HSLA 550 Al  Carbon Fibre HSLA 350 644.017 10.478% 

7 HSLA 550 Carbon Fibre Carbon Fibre HSLA 350 637.904 11.327% 
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Figure 8 : Displacement Plot for Material 5 

 

Figure 9: Stress Plot for Material 5 

 

Figure 10: Displacement Plot for Material 7 
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Figure 11: Stress Plot for Material 7 

It can been seen that for material combination no 7 maximum weight reduction is possible economically. Also the stress and 

displacement values were reduced. 

CONCLUSION  

Static structural analysis of truck chassis was carried out. Chassis model was optimized for decreasing the weight by volume reduction 

and material change. Critical areas in the chassis were identified using topology optimization, where different materials were tried and 

simulated for weight reduction while retaining the displacement and stresses within the allowable limits. It was found the changing the 

materials of side members to high strength steel and cross members to carbon fiber weight reduction of 11% is possible without any 

reduction in strength of the chassis along with reduction in static displacement of the chassis.  
 

FUTURE PROSPECTS 

 

Carbon fiber is used in the production of race cars since high speed is of the utmost importance. For the use of carbon fiber in 

commercial vehicles some technical issues need to be resolved. Some of the issues which need to be addressed are; 

 

1. Suitability of carbon fiber for high volume production. 

2. Strengthening of composite material for high load bearing capacity. 

3. Procedures for joining composites with steel. 

4. Composite material process automation, especially for the positioning of reinforcements.  

 

After addressing these issues we can successfully implement the use of carbon fiber in truck chassis. 
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Abstractð It is very interesting to recognize the human gesture for general life applications. For example, observing the gesture of a 

driver when he/she is driving and alerting him/her when in sleepy mood will be quite useful. Human gestures can be identified by 

observing the different movements of eyes, mouth, nose and hand. There are number of techniques which we use for recognizing the 

facial expression. Facial expressions are generated by contractions official muscles, which results in temporally deformed facial 

features such as eye lids, eye brows, nose, lips and skin texture, often revealed by wrinkles and bulges. The term face recognition 

refers to identifying, by computational algorithms, an unknown face image. Facial expressions give us information about the 

emotional state of the person. Moreover, these expressions help in understanding the overall mood of the person in a better way. Facial 

expressions play an important role in human interactions and non-verbal communication. Classification of facial expressions could be 

used as an effective tool in behavioral studies and in medical rehabilitation. Facial expression analysis deals with visually recognizing 

and analyzing different facial motions and facial feature changes. This operation can be done by comparing the unknown face with the 

faces stored in database. Face recognition has three stage , face location detection,  feature extraction and facial image classification. 

In this research, we carry out a study to recognize basic emotions (sadness, surprise, happiness, anger, and fear ). Also, we propose a 

methodology and Neural Network for classification of emotions based  facial features extraction. 

The aim of this research is to develop an efficient identification algorithm based on computational intelligence approaches, with 

accuracy similar to that achieved by experienced Analyst.  

Keywordsð Emotion, expressions, identification, communication, analyzed, Recognition, behavioral. 

 

INTRODUCTION 

                   Humans belong to various ethnic groups with different attributes of facial features (shape, color and size). Also, they have 

diverse emotion expressions, depending on culture, age and gender. A system for facial emotion expression has become an active 

research filed in different areas such as: human robot interaction, marketing analysis, facial nerve grading in medicine, social network 

control and new computer game. Facial expressions reflect of physiological signals and mental activities in social interaction. Facial 

expressions are one of the important ways in humans and animals to conveying social information in nonverbal communication. Each 

emotion expression corresponds to a different motion of the facial muscles. Humans can adopt a facial expression and different 

emotion in each case. There are two brain pathways associated with facial expression namely: involuntarily (neural in the brain) or 

voluntarily (socially conditioned in the brain). But in the brain neural mechanisms and muscles are responsible for controlling the 

different expression in each emotion. 

                 Facial emotion expression have been considering as one of the universal and prompt methods for human communication. 

People view and understand facial expressions in the social situations around them. Face Recognition generally involves two stages: 

firstly, is searched to find any face in the image (face Detection) and secondly, is detected, processed face and compared the results to 

a database of known faces (face Recognition). Finally, system decided base on sets of information and rules. Facial expressions are 

generate by contractions of facial muscles such as: eyebrows, eyes, eye lids, lips, mouth and wrinkles of the noise. In facial 

expressions the lips and eyes are often as an important component for emotion recognition. Typical changes of muscular activities are 
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brief, lasting for a few seconds, but rarely more than 5s or less than 250ms.The reasons for this interest in facial research and analysis 

are multiple that namely: face tracking, face detection and face recognition in different area of the sciences. 

 

Literature Review 

Till Date What is the status of the related research work has been given: 

Zhengjun Pan, Alistair G.Rust and Hamid Bolouri (2000) research on image redundancy reduction for  Neural Network Classification 

Using Discrete cosine Transforms, Outcome of research was The available DCT features, our DCT based approach produces a 

recognition rate comparable to the best results reported to date from this  77% Faces identification in MLP network. 

 Meng Joo Er, Shiqian Lu and Hock Lye Toh (2002) Design the system achieves excellent performance both in terms of error rates of 

classification and learning efficiency in Face Recognition with Radial Basis Function (RBF) Neural Network. Using Kernel Direct 

Discriminant Analysis Algorithms Juwei Lu,Konstantinos N. Plataniotis  And Anastasios N. Venetsanopoulos (2003) found a system 

which used for recognize facial expressions, Average Percentages Of The Error rate of KDDA is reduce in RBF and RBF polynomial 

47.765% 

L. Ma and K. Khorasani (2004) use Two-dimensional (2-D) discrete cosine transform (DCT) for Facial Expression Recognition Using 

Constructive Feedforward Neural Networks. Outcome is 83.65% Facial identify. 

 

 Meng Joo Er, Weilong Chen, and Shiqian Wu(2005) research on  High-Speed Face Recognition Based on Discrete Cosine Transform 

and RBF Neural Networks. The Outcome of research is High Training and recognition speed, high recognition rate as well as very 

good illumination robustness.75.53% face identification in cosine transform and RBF Neural Network. 

 Mohammed Yeasin, Baptiste Bullot, and Rajeev Sharma (2006) research on Recognition of Facial Expressions and Measurement of 

Levels of Interest from Video. Using Visual data which is based on computer level of interest Outcome of research is recognizing six 

universal facial expression.The proposed approach achieved in average recognition rate of 70.9% 

         From the Rigorous review of the related work on Face recognized technique, it is noticed that:  

 

1. Deciding to adopt, install, operate, and maintain accuracy in Face recognized technique 

 

2. Facial recognition research is a subfield in a larger field of pattern recognition research and technology. Pattern recognition 

technology uses statistical techniques to detect and extract patterns from data in order to match it with patterns stored in a database.  

3. It is very important for these systems to be able to locate or detect a face in a field of vision so that it is only the image pattern of the 

face (and not the background ñnoiseò) that is processed and analyzed. This problem, as well as other issues, will be discussed as the 

report proceeds.  

4. In these discussions we will attempt to develop the readerôs understanding of the technology without going into too much technical 

detail. This obviously means that our attempts to simplify some of the technical detail might also come at the cost of some rigor.  

 

Research Methodology 

i) Statistics 

ii) Signal & Image processing 

iii) Learning Machines such as neural network. 
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iv) Transformed domain techniques such as FFT, DCT, WHT etc. 

          For choice of suitable classifier following configuration will be investigated. 

i) Multilayer perceptron Neural network. 

ii) Radial Basis function Neural network. 

iii) Kohonenôs Self organizing feature map Neural network 

 For each of the architecture, following parameters are verified until the best performance is obtained. 

i) Train-CV-Test data 

ii) Variable split ratios 

iii) Retraining at least five times with different random initialization of the connection weights in every training run. 

 

iv) Possibility different learning algorithms such as Standard Back-Propagation, Conjugate gradient algorithm , Quick propagation            

algorithm, Delta Bar Delta algorithm,Momentum  etc. 

 

v) Number of hidden layers 

vi) Number of processing elements of neurons in each hidden layer. 

Vii) Value of step size and momentum term in each layer. 

          After regions training & retraining of the classifier, it is cross validated & tested on the basis of the following performance 

matrix. 

i) Mean Square Error 

ii) Normalized Mean Square Error 

iii) Classification accuracy 

iv) Sensitivity 

v) Specificity 

 In order to carry out the proposed research work, Platforms/Softwareôs such as Matlab, Neuro solutions, Microsoft Excel will 

be used.  

Research Objectives 

¶ To maintain the correctness & accuracy in the Face images even though the input images are contaminated by known or 

unknown noise. 

¶ To increase the classification accuracy for the identification of Face emotion. 
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Conclusion 

This research is useful to increase the classification accuracy for the identification of Face emotion and with the help of this we can 

avoid many accidents. 
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AbstractðThe necessity of Advanced Driver Assistance Systems (ADAS) is driver error will be reduced or even eliminated, and 

efficiency in the traffic and transport is enhanced. The benefits of an ADAS implementations are potentially considerable because of 

the significant decrease in human suffering or stress, economical costs and pollution. However, there are potential problems to be 

expected, since task of driving an ordinary motor vehicle is changing in nature, in an direction of supervising a (partly) automated 

moving vehicle. 

Keywordsð adaptive cruise control, automotive navigation system, driver drowsiness, electronic stability control, intersection 

assistant, steering wheel movement 

INTRODUCTION 

There are many number of reasons why in recent years electronic driving aids are extremely well developed and implemented at an 

increasing rapid rate and speed. The first priority reason is safety (i.e. the unacceptable number of road accidents), but also the major 

economic principles (time is wealth, among others) are a compelling drive, while bringing comfort for the driver population is also a 

good sales argument. Last one which canôt be ignored, environmental arguments play a pivotal role of growing importance [1]. 

A. Accident causes 

Driver error is the foremost reason foe causes of accidents. Driver error stands for the mistakes made by the driver. According to the 

statistics 6% of world accidents are caused in India itself. Some of the main reasons for this are listening to loud music while driving 

car, talking in cell phones during driving, increase in number of vehicles on road, incredible roads specifically in India.  

B. Accident causation 

Tunbridge et al. (2000) argue that examination of major accidents which is most prevailing factors shows, the two most common 

ñWhat happened?ò some of the factors being loss of control and also failing to avoid a vehicle in the carriageway (i.e. a collision). 

These factors can be hierarchically categorized as representing Driver errors (& impairment), Environment, and the Vehicle factors 

contributing to accidents (Shinar, 1998). The incidence of alcohol was established at 3.8%, which is major reason for all accidents in 

England where a driver is known to be over the allowable drink drive limit (4.2%). The other important impairment related factors the 

situation is not very much straightforward. Impairment due to fatigue is recorded as the factor in only 0.8% of the accidents, whereas 

in-depth studies and large volume of anecdotal evidence shows that the above factor is more like 7-10%. This under-representation of 

the fatigue related accidents is now well recognized and results largely from absence of direct evidence of sleepiness or tiredness 

being major factors. There is no quantitative measure of all these effects on drivers. If drivers survive by an accident caused due to 

sleepiness they are unlikely to admit it; if they do not survive there is always often very little direct physical evidence. Other factors 

such as vehicle defects, which are often erroneously viewed as causes, usually need to be eliminated before the fatigue becomes 

apparent and dangerous [2]. 

 

 

C. Electronic aids 

The reduction of traffic accidents requires the counter measures that have to be devised and introduced to prevent those behaviors 

contributing to major accidents. In Europe, the USA and Japan combined ergonomic and engineering approaches to hazard assessment 

and the indication of driverôs performance limits have developed into research and development of new and appropriate (primary) 
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safety measures. Brookhuis & Brown (1992) argue that an ergonomic approach to behavioral change via engineering measures that is 

in the form of electronic driving aids that needs to be adopted in order to improve road safety, transport efficiency and improve 

environmental quality. Driver comfort appears to be a strong asset for the development of electronic driving aids also, at least from the 

marketing point of view. Car manufacturers are keen on driver comfort and invest considerable amount of revenue or effort in the 

development and improvement in the comfort enhancing electronic aids. Some of the well-known examples of this type of 

applications are automotive navigation systems and adaptive cruise control systems (accôs). Though may be expensive, prototypes of 

various type of systems passed a number of tests (and improvements) and most of them were successfully placed on the consumer 

market. Before the actual marketing, to which user needs research (or marketing research) is indispensable, but also studies on 

acceptance and certainly safety effects are still necessary after the implementation [4]. 

 

EASE OF USE 

 

Advanced Driver Assistance Systems, commonly called ADAS, are the systems to help the driver in the driving process. When 

designed with a safe and appropriate Human-Machine Interface, they should increase the safety of car and more generally the road 

safety. 

Advanced driver assistance systems (ADAS) are technologies that provide a driver with needed information, automate difficult and 

repetitive tasks, and lead to the overall increase in safety of the car for. Some of these technologies have proven to an improved 

driving experience and better overall road safety. GPS navigation, taking an example, has become increasingly the most common in 

OEM infotainment systems since first being introduced in the 1990s. 

However, a lot more of ADAS are right on the cutting edge of the emerging automotive technologies. Some of these systems will have 

staying power to stick around, and you can expect to see at least a few of them in future car. Others may disappear or be replaced by 

better implementations and modernization of the same basic idea. Since ADAS rely on electronics and mostly include firmware 

elements, the development of these cutting edge systems is governed by the international safety standards such as IEC-61508 and ISO-

26262. 

¶ A brief History 

 
ADAS has amount of considerable history. In Europe several car manufacturers and research institutes started the Prometheus 

initiative in around 1986. A series of projects were carried out under this tree, most of them were aiming at practical solutions to the 

urban traffic problems. The European Union initiated the DRIVE which stands for Dedicated Road Infrastructure for Vehicle safety in 

European country, program most shortly thereafter, in which a considerable number of projects solved practical problems as well as 

basic issues. An example of the latter is the GIDS which stands for Generic Intelligent Driver Support project, which is the largest 

project in DRIVE 1, ahead of its time and still be relevant ( Michon, 1993). The overall goal of this ambitious project was ñto 

determine the requirements and design standards for a section of intelligent driver supported systems which will confirm with the 

accurate information requirements and performance capabilities of an individual driverò. On one of the hand this section of systems 

will aid the driverôs detection and assessment of the road and traffic hazards, on the other hand they will provide guidance on the 

driverôs ability to deal with specific hazards [3]. 

 

 

 

METHODOLOGY 

The following ADAS are available in various production models from a variety of OEMS: 

A. Autonomous Cruise Control 
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Autonomous cruise control (ACC; also called as adaptive cruise control or radar cruise control) is an cruise control system for various 

road vehicles that will automatically adjusts the speed of our vehicle to maintain a safe distance from vehicles ahead. There are 

basically two types of systems through we can attain the adaptive cruise control, those are, laser based systems and radar based 

systems. 

Laser based system uses light pulses whereas Radar based system uses radio waves to develop a communication between the vehicles. 

The radar based system is preferred over laser based system because the in adverse weather conditions such as fog and if at all the 

front vehicle whose speed has to be tracked is covered with dust then laser based system will show no use. 

Thus based on the speed of the front vehicle our vehicle slows down when the distance between two vehicles is less and accelerates to 

the preset value when there is a considerable amount of distance between the vehicles [5].    

 

Figure 1. Adaptive Cruise Control using Radar based systems 

B. Automotive Navigation System 

 

As we know today people are using the global positioning system commonly called GPS system to know the address of the locations 

they need to travel. This GPS system can be modified and implement inside the dashboard of the car to obtain the real time traffic 

information. 

The traffic information comes from a variety of sources such as traffic data providers, transportation department, police and even 

emergency services, road sensors, traffic cameras, and also aircraft reports. This information is made to be compiled and delivered 

through radio frequency (FM/HD Radio or satellite) to our navigation system embedded inside the car.  

In the terrestrial FM applications, the traffic signals are broadcasted over the FM Radio Data System (RDS), which is a special 

application of the radio band for sending small amounts of digital information. Most of the car stereos support FM radio signals, 

which is how you can see radio station call letters or other artist and various songs title information on your display when tuned to 

certain amount of radio stations [6]. 

 

 

 

¶ What are the benefits? 

 

The major primary benefit is the time. Most of the times, it gives real time traffic information on your way, or if any other 

construction of buildings happening in your way. Thus the system gives time to change the route so that we can avoid much amount of 

wastage of time and utilize this time for other works. And this means less time spent sitting in the gridlock. 

http://www.ijergs.org/
https://en.wikipedia.org/wiki/Cruise_control
https://en.wikipedia.org/wiki/Road
https://en.wikipedia.org/wiki/Vehicle


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƗȮɯ,Èà-)ÜÕÌȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

154                                                                                                   www.ijergs.org   

 

 

 

Figure 2. Automotive Navigation System Using GPS navigation device 

 

C. Driver Drowsiness Detection 

 
Driver drowsiness detection is one of the car safety technologies which helps prevent accidents caused by the driver getting drowsy. 

Various studies have also suggested that around 20% of the road accidents happening are fatigue-related, up to 50% on certain amount 

of roads. 

Some of the current systems learn driver patterns and can detect when a driver is becoming drowsy. 

 

¶ Technology 

Various technologies may be used to try to detect driver drowsiness. 

a) Steering pattern monitoring                                                                                    
               Primarily uses the steering input from electric power steering system. 

b) Vehicle position in lane monitoring                                                                      
               It uses the lane monitoring camera. 

c) Driver eye/face monitoring                                                                               
                It requires one of the cameras watching the driver's face.  

d) Physiological measurement                                                                        
                It requires body sensors for measurement of parameters   like brain activity, heart rate, skin conductance, muscle activity [7]. 

 

 

 

¶ Steering pattern monitoring  
 

Steering Wheel Movement (SWM) is measured using the steering angle sensor and it is one of the widely used vehicle-based measures 

for detecting the level of drowsiness of the driver. Using an angle sensor which is mounted on the steering column, the driverôs 

steering behavior will be measured. When drowsy, the number of micro-corrections on the steering wheel normally reduces compared 
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to normal driving because of drowsiness. Furlough and Graham observed that sleep deprived drivers made fewer steering wheel 

reversals than the normal drivers .To eliminate effect of lane changes, the researchers considered only small amount of steering wheel 

movements i.e., between 0.5° and 5°,which are needed to adjust lateral position within the lane . Fig below shows the SWM based 

detection. In general, steering behavior is influenced by the characteristics of driving task (e.g. speed, curvature, and lane width), even 

driver traits (e.g. driving experience), and driver states (e.g. laxness, distraction or fatigue). Drivers will be constantly judging the 

situation ahead and applying small, smooth, steering adjustments to correct for the small road bumps and crosswinds by turning the 

steering wheel in small increments [10].  

 

 

Figure 3.comparison of steering frequency vs. steering amplitude 

D. Electronic Stability Control 

 

Electronic stability control (ESC), even referred to as electronic stability program (ESP) or dynamic stability control (DSC), is one of 

the computerized technology that improves a stability of vehicle by detecting and reducing loss of traction, even called as 

skidding. When ESC senses loss of steering control, it automatically applies the brakes to control "steer" of the vehicle where the 

driver intends to go. Braking will be automatically applied to wheels individually, such as the outer front wheel to achieve over 

steer or the inner rear wheel to undergo under steer. Some ESC systems also tend to reduce engine power until control is regained. 

ESC will not improve a vehicle's cornering performance; instead, it helps to minimize the loss of control of vehicle. One-third of 

major accidents could be prevented by the use of this technology.  

 

Operation : 

During normal driving the ESC tends to work in the background and continuously monitor steering and vehicleôs direction. It 

compares the driver's intended direction which is determined through the measurement of steering wheel angle to the vehicle's actual 

direction which is determined through measured lateral acceleration, vehicle rotation, and the individual road wheel speeds. 

ESC interrupts only when it detects a probable loss of control in steering, i.e. when the vehicle is not going where the driver intended 

to steer.For example, when skidding during the emergency evasive swerves, under steer or over steer during wrongly judged turns on 

slippery roads, or even hydroplaning. ESC may also interrupt in an unwanted way during high-performance driving, because input of 

steering may not be always directly indicative of the intended direction of travel that is called controlled drifting. ESC estimates 

direction of the skid, and then applies brakes to the individual wheels asymmetrically in order to create torque about the vertical axis 

of the vehicle, opposing the skid and bringing the vehicle back to track with the driver's provided direction. Additionally, the system 

may even reduce engine power or operate the transmission to slow the vehicle down. 

ESC can work on any of the surface, from dry pavement to even frozen lakes. It reacts to this and corrects skidding at much faster rate 

and more effectively the typical can human driver, often before the driver is even aware of imminent loss of control. In fact it led to 

some concern that ESC could allow drivers to become more confident in their own vehicle's handling and their driving skills. For this 

reason the ESC systems typically informs the driver when they interrupt, so that the driver knows that the handling of vehicle limits 

have been approached. Most of times it activates the dashboard indicator light and(or) even alert tone; sometimes it  intentionally 
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allow the vehicle's corrected course to deviate very slightly from the driver intended direction, even if it is possible to precisely match 

it [8]. 

 

 

Figure 4. Vehicle without ESC    Figure 5. Vehicle with ESC 

 

E. Intersection Assistant 

 

A driverôs miscalculation or misconception of speed and distance or failure to stop at signals during red lights or are some of common 

causes of accidents at intersections. 

The intersection assistant system identifies this type of critical situation at intersections and alerts the driver of red light infringements 

or hazardous turnoff situations. The system can even recommend the needed speed for a green traffic light wave or when approaching 

the red traffic light. 

At the crossroads, the intersection assistant system supports the driver by establishing a direct communication between the vehicle and 

traffic signals. Various camera systems are installed at the intersection that monitors the traffic situation and send this obtained 

information together with the signal to the vehicle through wireless technology. The system evaluates the data received via wireless 

technology together with onboard information present from the vehicle such as speed, distance from the intersection and even 

direction of movement.  

Appropriate traffic infrastructure equipment and various links between the infrastructure and also the vehicle communication 

technology offer potential for improvising traffic safety further. The driver always holds responsibility for the vehicle and will be 

offered support in hazardous situations from the intersection assistant system [9]. 
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Figure 6.intersection assistant at junction 

ADVANTAGES 

 
ü Managing traffic flow to increase road capacity, i.e., number of vehicles on road 

ü Relieving vehicle occupants from driving and allowing them to concentrate on other tasks or to rest during their journeys by 

relieving the driver from stress. 

ü To avoid the accidents as much as possible. 

ü Increasing roadway capacity by reducing the distances between cars by making use of adaptive cruise control. 

ü The track the location of vehicle can be determined using global positioning system (G.P.S) [11]. 

 

 

DISADVANTAGES 

 
ü If at all the vehicle is using internet which is having less security then from the hackerôs point of view in some cases the 

vehicle can be switched off on the road itself. 

ü Hackers who can decrypt the encrypted information can change the route which is plotted in the system. 

ü If at all there is failure of main sensor and backup sensors the vehicle can create a chance of accident [12]. 
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CONCLUSION 

 
The strength of ADA systems is great, provided ADAS is completely accepted and widely introduced in the future. The ADA systems 

will all have to be made as fail-safe as possible. Whenever the system fails to succeed, safety is to be determined by the provisions 

taken to avoid major accidents and in case of any accident the measures to minimize the consequences for passengers. Acceptability 

from customers of ADAS is highly dependent upon solid demonstration of these many features. Acceptability is also found to be most 

dependent of the form in which ADAS applications are implemented. For the end-user or customer the benefits should be clear and 

preferably directly noticeable. For this reason comfort enhancing features need a better changeover than safety enhancement 

properties. Most drivers consider themselves as at least better drivers with respect to safe behavior than average driver. Strict 

requirements for ADAS applications by all stakeholders are safe (and valid) operation and also reliability, false alarms are not all 

acceptable for end-users particularly 
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Abstractð This paper is based on IOT (Internet of Things). As we know in present era everything is based on digital 

technology. Nowadays every person is connected with each other by many ways,where most popular communication is internet so it is 

internet which  connects people. This paper proposes an Android based solution to aid parents to track their children in rea ltime. 

Different devices are connected with a single device through  channels of internet. The concerned  device is connected to server via 

internet.The device can be used by parents to track their children in real time or for women safety. The proposed solution takes the 

advantage of the location services provided by GSM. It allows the parents to get their childôs location on  real time by SMS. Here,a 

prototype model (device) is created which is simulation based. The work comprises ARM-7 LPC2148 as  microcontroller, along with 

GPS  and GSM module. Embedded C core compile using Keil and virtual simulation check using Proteus 8.1 is done.A server is 

created which will collect all the data generated by our prototype system and send the same  to server using GPRS. A Dummy server 

will be created by using  Filezilla. This device will also have the facility of Emergency help key (SOS), if anyone presses the key , 

automatic help message will be sent to 3 registered mobile numbers on Server. 

 

Keywordsð Embedded System,Smart System,Internet, 

1.INTRODUCTION 

The Internet of Things (IoT) refers to the use of intelligently connected devices and systems to exploit data gathered by 

embedded sensors and actuators in machines and other physical objects [11].  IoT refers to the ability of network devices to sense and 

collect data from the world around us, and then share the data across the Internet where it can be processed and utilized for various  

purpose. 

The IoT is comprised of smart machines interacting and communicating with other machines, objects, environment and 

infrastructures. Almost every device today has an embedded processor typically a microcontroller or MCU, along with user interfaces, 

that can add programmability and deterministic ñcommand and controlò functionality. The electrification of the world and the 

pervasiveness of embedded processing are the keys to making objects ñsmart.ò Your old toaster that mechanically controlled the color 

of your toast now has an MCU in it, and the MCU controls the color of your toast. The toaster completes its task more consistently 

and reliably, and because it is now a smart toaster, it has the ability to communicate with you electronically using its touchpad or 

switches. After a device becomes smart through the integration of embedded processing, the next logical step is remote 

communication with the smart device to help make life easier. For example, if I am running late for the office, can I turn on my house 

lights for security reasons using my laptop or mobile phone? 

Communication capability and remote manual control lead to the next step é how do I automate things , based on my 

settings  having  sophisticated cloud-based processing, make things happen without my intervention? The ultimate goal of some IoT 

applications is to connect with  the Internet to achieve the goal,for which  they must first become ñsmartò (incorporate an 
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MCU/embedded processor with an associated unique ID) then connected and, finally, controlled. Those capabilities can then enable a 

new class of services that makes life easier for  users. 

The term Internet of Things was first coined by Kevin Ashton in 1999 in the context of supply chain management. However, 

in the past decade, the definition has become  more inclusive covering wide range of applications like healthcare, utilities, transport, 

etc. Although the definition of óThingsô has changed as technology evolved,however,  the main goal of making a computer sense 

information without the aid of human intervention remains the same. The evolution of current Internet into a Network of 

interconnected objects not only harvests information from the environment (sensing)and interacts with the physical world 

(actuation/command/control), but also uses existing Internet standards to provide services for information transfer, analysis, 

applications, and communications. Fueled by the prevalence of devices enabled by open wireless technology such as Bluetooth, radio 

frequency identification (RFID), Wi-Fi, and telephonic data services as well as embedded sensor and actuator nodes, IoT has stepped 

out of its infancy and is on the verge of transforming the current static Internet into a fully integrated Future Internet. The Internet 

revolution led to the interconnection between people at an unprecedented scale and pace. The next revolution will be the 

interconnection between objects to create a smart environment. Only in 2011 did the number of interconnected devices on the planet 

overtook the actual number of people. Currently there are 9 billion interconnected devices and it is expected to reach 24 billion 

devices by 2020. 

In todayôs world, over 80% of the world population, including children around the age of eight or seven, owns smart phones. 

This is due to many reasons. One of them is the remarkable features and capabilities that new smart phones offer especially Android 

based smart phones. GPS offers outstanding capabilities in locating position and this can be used to develop resourceful application 

that helps in locating missing or lost children [1]. 

The essential idea of the IoT has been around for nearly two decades, and has attracted many researchers and industries 

because of its great estimated impact in improving our daily lives and society [2]. When things like household appliances are 

connected to a network, they can work together in cooperation to provide the ideal service as a whole, not as a collection of 

independently working devices. This is useful for many of the real-world applications and services, and one would for example apply 

it to build a smart residence; windows can be closed automatically when the air conditioner is turned on, or can be opened for oxygen 

when the gas oven is turned on. The idea of IoT is especially valuable for persons with disabilities, as IoT technologies can support 

human activities at larger scale like building or society, as the devices can mutually cooperate to act as a total system [2]. The Internet 

revolution led to the interconnection between people at an unprecedented scale and pace. The next revolution will be the 

interconnection between objects to create a smart environment [10]. 

The wide variety of potential IoT applications needs a software development environment that ties together the applications, 

the command, control and routing processing and the security of the node and system. While the importance of software in MCU 

solutions has increased during the past few years, for MCUs supporting the IoT, even more software, tools and enablement will be 

needed. A broad ecosystem with easily accessible support is key to enabling the development of embedded processing nodes and IoT 

applications [9].  

These days, however, with technology growing at a fast pace, automated vehicle tracking system is being used in a variety of 

ways to track and display vehicle locations in real-time. In this project we are using the concept of tracking the child instead of 

vehicle. One device is connected with server via internet. Using that device parents will track their children in real time or women 

safety. The proposed solution takes the advantage of the location services provided by GSM since kids carry that device. It allows the 

parent to get their childôs location on a real time by SMS.  
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2. Literature Review 

Ten ñcriticalò trends and technologies impacting IT for the next five years were laid out by Gartner [5]. The Internet is 

expanding into enterprise assets and consumer items such as cars and televisions. The problem is that 

most enterprises and technology vendors are yet to explore the possibilities of an expanded Internet and are not operationally or 

organizationally ready. Gartner  identifies four basic usage models that are emerging: 

 

¶ Manage 

¶ Monetize 

¶ Operate 

¶ Extend 

 

These can be applied to people, things, information, and places, and therefore the so called ñInternet of Thingsò will be succeeded by 

the ñInternet of Everything.ò 

                                 The Internet of Things is not a single technology, itôs a concept in which most new things are connected 

and enabled such as street lights being networked and things like embedded sensors, image recognition functionality, augmented 

reality, near field communication are integrated into situational decision support, asset management and new services. These bring 

many business opportunities and add to the complexity of IT. To accommodate the diversity of the IoT, there is a heterogeneous mix 

of communication technologies, which need to be adapted in order to address the needs of IoT applications such as energy efficiency, 

security, and reliability. In this context, it is possible that the level of diversity will be scaled to a number of  manageable connectivity 

technologies that address the needs of the IoT applications, adopted by the market, that have already proved to be serviceable, 

supported by a strong technology alliance. Examples of standards in these categories include wired and wireless technologies like 

Ethernet, Wi-Fi, Bluetooth, ZigBee, and Z-Wave. Distribution, transportation, logistics, reverse logistics, field service, etc. are areas 

where the coupling of information and ñthingsò may create new business processes or may make the existing ones highly efficient and 

more profitable. The Internet of Things provides solutions based on the integration of information technology, which refers to 

hardware and software used to store, retrieve, and process data and communications technology which includes electronic systems 

used for communication between individuals or groups. The rapid convergence of information and communications technology is 

taking place at three layers of technology innovation: the cloud, data and communication pipes/networks and device. The synergy of 

the access and potential data exchange opens huge new possibilities for IoT applications. Already over 50% of Internet connections 

are between or with things. In 2011 there were over 15 billion things on the Web, with 50 billion+ intermittent connections. 

 

Enabling technologies for the Internet of Things considered  can be grouped into three categories: i) technologies that enable 

ñthingsò to acquire contextual information, ii) technologies that enable ñthingsò to process contextual information, and iii) 

technologies to improve security and privacy. The first two categories can be jointly understood as functional building blocks required 

building ñintelligenceò into ñthingsò, which are indeed the features that differentiate the IoT from the usual Internet.The third category 

is not a functional but rather the de facto requirement, without which the penetration of the IoT would be severely reduced.The  IOT 

development  implies that the environment, cities, buildings, vehicles, clothing, portable devices and other objects have more and 

more information associated with them and/or the ability to sense, communicate, network and produce new information. In addition, 

the network technologies have to cope with the new challenges such as very high data rates, dense crowds of users, low latency, low 

energy, low cost and a massive number of devices, The 5G scenarios that reflect the future challenges and will serve as guidance for 
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further work are outlined by the EC funded METIS project [2]. As the Internet of Things becomes established in smart factories, both 

the volume and the level of detail of the corporate data generated will increase. Moreover, business models will no longer involve just 

one company, but will instead comprise highly dynamic networks of companies and completely new value chains. Data will be 

generated and transmitted autonomously by smart machines and these data will inevitably cross company boundaries. A number of 

risks are associated with this new context ï for example, data that were initially generated and exchanged in order to coordinate 

manufacturing and logistics activities between different companies could, if read in conjunction with other data, suddenly provide 

third parties with highly sensitive information about one of the partner companies that might, for example, give them an insight into its 

business strategies. New instruments will be required if companies wish to pursue the conventional strategy of keeping such 

knowledge secret in order to protect their competitive advantage. New, regulated business models will also be necessary ï the raw 

data that are generated may contain information that is valuable to third parties and companies may therefore wish to make a charge 

for sharing them. Innovative business models like this will also require legal safeguards (predominantly in the shape of contracts) in 

order to ensure that the value added created is shared out fairly, e.g. through the use of dynamic pricing models. 

United States border security has become a major concern in the recent past. In  order to enhance border security, a system 

must be put in place to allow the tracking of shipments from origin to destination. U.S. Department of Homeland Security requests 

proposals of cargo transportation security tools for U.S. Customs and Border Protection (CBP). This project is to develop a 

centralized, internet based  security tool which utilizes RFID and GPS technologies to identify drivers and track the load integrity. The 

system will accomplish the security testing in real-time using the internet and the U.S. Customsô database (ACE). A central database 

and the interfaces between the database and ACE will be established. After the vehicle is loaded, all openings of the tanker are sealed 

with RFID tags (E-seals). Then the RFID antenna and tag reader received and transmitted the signal, wirelessly connected with the 

databases. Also the GPS tracker traced the cargoôs location at any time and reported to the system when necessary. This will serve as 

testing grounds for the implementation of security measures that can help prevent future terrorist attacks and help in assuming that the 

goods & products are not compromised while in transit. The system will reduce the labor work of security check to its minimum. It 

will also help in online billing. This technologyôs two main focuses are private companies and the government. It can be used by a 

company to expedite the shipment and receiving process, streamline the billing and invoicing process, and to automate potential 

Federal Government container  racking requirements. The government can utilize this technology for shipping container validation, 

verification of load integrity, potential notification of special 

scenarios such as late or lost shipments, and as a tool to  interact with the U.S. Customs and Border Protectionôs ACE database for 

border control [7]. 

Many types of smart devices are available in the world. Some devices for personal safety and some are for vehicle tracking. 

This project is designed to be used by parents and aimed to help locating missing or lost children. It takes advantage of the fact  that 

many of todayôs children own smart phones which is convenient for this kind of situation. In this work, GPS is combined with one of 

the basic service of a smart phone which is GSM, more specifically SMS, in one system. An application at the parentôs side will allow 

parents to send a location request to  child side then retrieve the location from the request reply and display it on the map. On the other 

hand, the application at the childôs side gathers the necessary information of the smart phone that will be used to locate the smart 

phone. Information such as GPS coordinates and time are gathered and sent to the parent smart phone thatôs preregistered on the 

application. The communication between the parent and the child applications is done using Short Message Service (SMS). It will 

allow the system to work without the need of internet connection thus allows the application to be implemented on smart phones that 

donôt support GPRS, 2G or 3G internet connectivity. The system sends the location of childôs smart device to parentôs smart phone 

when the parent wishes to check on the child [1].  
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Fig.1 Architecture of the  Proposed System 

 

Recently, new device models have dropped to sizes wearable in a wristwatch 

capacity [6]. Some research uses stand-alone GPS chips alongside several other off-the-shelf embedded development components to 

create a GPS-based statistical wristwatch for runners. Some existing products utilize accelerometers to gather data such as velocity. A 

GPS-based, watch-sized device could deliver more consistent, higher precision velocity data as well as location data. Runners could  

view this data to compete with themselves for their best time up. Several current solutions exist for runners who desire the 

functionality our proposed device offers. Cellular phones are often the bane of specialized devices, and applications exist which 

provide GPS-based running data [6]. 

ACKNOWLEDGMENT  

The author will be gratefully and sincerely thankful to the editors for their  suggestions and support  for improvement  of  the 
paper and also to the  Department of ECE,Chouksey engineering college,for facilitating the development and final deployment of the 

same. 

CONCLUSION 

 

We have already seen the wide application of IOT. More objects are becoming embedded with sensors and gaining the ability to 

communicate.There are many types of applications emerging  one of most common being tracking system i.e monitoring the behavior 

of persons,things,or data through space and time.The solution proposed  in this paper takes advantage of the rich features offered in 

Androids smart phones. This work presents a model which is based on GPS tracker system.Here,ARM-7 LPC2148 is to be used as 

microcontroller,along with GSM and GPS module.The programming is done using Keil and the simulation check will be done by 

Proteus 8.1.A server will be created which will collect all data generated by the prototype system.By help of GPRS,same is sent to the 

server.The main feature of this application is to get the childôs location without its interaction in the process with simple and cost 

effective method,done by use of GSM and SMS. 

                                     The device will also have the emergency key (SOS).In case of any emergency,if anyone presses the key 

,automatic help message will be sent to any 3 registered mobile  numbers on the server. like any software product or design, there is 

still room for enhancement. Features can be added to enhance the system. The proposed system will be implemented, continued, 

reviewed And  improved  in a later work. 
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ABSTRACT- Distillery industries are one of the most polluting industries in world, generating very high strength wastewater which 

effect seriously on environment. The industry produces dark brown colored wastewater which have unpleasant odor known as spent 

wash. On production of alcohol, large amount of wastewater produced. Generally 8-15 lit of spent wash was generated on production 

of 1 lit of alcohol. The spent wash has high characteristics like COD, BOD, Color and TDS, which are difficult to remove easily. For 

supplementing existing waste treatment, there are number of studies carried out for removal of color and COD of spent wash. This 

review represent on overview of pollution caused by distillery spent wash and treatment technologies  used such as Electro 

coagulation, adsorption and combination of different sand media as a filter. 

Keywords:  spent wash, melanoidin, decolourization, Electro coagulation, molasses, adsorption, activated charcoal. 

INTRODUCTION  

Distillery industries are one of 17 most polluting industries in India and generate large volumes of spent wash that effect on 

environment [Khandegar et al., 2014]. Sugarcane molasses is the raw material which used for production of alcohol. Molasses is the 

dark brown, viscous liquid, which is very common feed stock for industrial fermentation process, for effective fermentation process 

molasses diluted 1-3 fold [wagh et al., 2015].The dark brown color of spent wash affect the process of photosynthesis if disposed 

without any treatment and causes depletion of dissolved oxygen [Khandegar et al., 2014]. Spent wash released to environment is 

hazardous and introduces various toxic substances which result in change in physicochemical characteristics of soil and water [Eyob 

Kebede et al., 2015]. The odor of spent wash spread over the area and result into serious public hazard [Bharat kumar et al., 2015]. 

Economical and eco-friendly treatments are need of society also greatest challenge to environmentalist [wagh et al., 2015]. Spent wash 

contains 2% of melanoidins pigments that result of mailard type reactions of amino acids with reducing sugars [Wagh et al., 2015]. 

There are number of methods to treat distillery waste especially COD and color such as physical, chemical and biological [wagh et al., 

2015]. Anaerobic treatment is an accepted practice for treatment of spent wash but however even after treated by anaerobic treatment 

pollutant level cannot meet effluent standards laid by CPCB [Kolte et al., 2014]. Bio-methanation of raw distillery spent wash 

followed by aerobic treatment is the common practice in India. Aerobic treatment can remove 50-70% of COD and Color but still 

100% result yet to be achieving. [wagh et al.,  2015].   

 General characteristics of spent wash generated during alcohol production are summarized as follows: 

                Table I Characteristics of spent wash   [Khandegar et al., 2014; wagh et al., 2015] 

Sr.No Parameter Range 

1 Ph 3 ï 4.5 

2 BOD 50,000 ï 60,000 

3 COD 1,10,000 ï 1,90,000 

4 TS 1,10,000 ï 1,90,000 

5 TSS 13,000 ï 15,000 

6 TDS 90,000 ï 1,50,000 
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7 Chlorides 8,000 ï 8,500 

8 Phenols 8,000 ï 10,000 

9 Sulphate 7,500 ï 9,000 

10 Phosphate 2,500 ï 2,700 

 

Distilleries Effluent Discharge Standards 
Ministry of Environment and Forests (Government of India) has specified Standards for different industries taking into account the 

characteristics of the effluents the drainage water from the land after such treatment has to satisfy a limit of 30 mg/l of BOD.                              

                                 Table II [Wagh et al., 2015, CPCB &MOEF 2002] 

Sr.No. Parameter Standards 

1 pH 5.5-9 

2 Color and Odor Absent 

3 BOD 3 at 27 0C mg / l Max 

1. Disposal into land surface water/ rivers/ streams 

2. Disposal on land or for irrigation 

3. Suspended Solids mg/l Max 

 

30 

 

100 

 

100 

 

                                                     II. Process Description 

Alcohol Manufacturing Process 

Alcohol manufacturing process consists of different steps such as feed preparation, fermentation process, distillation 

process and packing shown in figure 

                    

 

 

 

 

 

 

 

 

 

 

 

          Figure 1. Alcohol manufacturing process flow diagram [wagh et al., 2015] 
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Electro coagulation: 

Electro coagulation is an emerging technology that combines the advantages of conventional floatation, coagulation and 

electrochemistry in water and wastewater treatment [Kuokkanen et al 2013].  Then requirement for quality drinking water expanded 

all around, and profluent principles of wastewater get to be stringent, thusly it important to create compelling conservative and eco 

friendly treatment. This prompted enthusiasm for electro coagulation as exploration for researchers [Kuokken et al., 2013]. Electro 

coagulation is a straightforward and successful treatment strategy for wastewater [Khandegar et al., 2014]. Wagh et al., (2015) 

uncovered that most extreme 99.78% shading expulsion was gotten by utilizing Fe-Fe anodes at 25 Volts for pH 8 and ideal COD 

evacuation of 85.71% for pH 3 at EC time of 150 minutes. Shading expulsion productivity of electro coagulation is reductions with 

expansion in convergence of melanoidin he additionally specified that cathodes utilization increments with increment in centralization 

of melanoidin [kobya et al., 2012].   Proficiency of the Chemical oxygen demand (COD) expulsion hindered with expansion in pH, 

separating between anodes assumes critical part in decolourization of melanoidin , COD evacuation productivity quicken with 

expansion out yonder between electrodes[ Khandegar et al., 2014]. Acidic condition is more positive for treatment of refinery spent 

wash because of diminished creation of chlorine or hypochlorite at higher pH[ Krishna B.M. et al., 2010]. Al-Al cathodes are more 

compelling to evacuate shade of distiller spent wash when contrasted with al-fe and Fe-Fe anodes because of Fe iron produced amid 

the EC proclaim from iron terminals has high dissolvability at acidic condition and are effectively oxidized into Fe, since Fe is hard to 

settle [ kobya et al., 2003, 2012]. Aluminum anodes are evacuate most extreme shading up to 96.09% aluminum cathodes are more 

powerful than iron terminals. By utilizing graphite ï graphite electrodes 85.2 % COD evacuation at pH 6.9-7.2 and span is 180 

minutes, by utilizing Al-Al terminal 72.3% COD expelled in 2 hours when pH 3[Krishna B.M et al., 2010, Khandegar et al., 2014; 

kobya at al., 2003]. Electro coagulation strategy can be effectively utilized for the treatment of refinery spent wash [Khandegar et al., 

2014]. The upsides of EC over traditional coagulation incorporate financial viewpoints (moderately low speculation, maintaince, 

vitality and treatment costs), altogether bring down volume of muck produce, better slop quality, comparative or marginally better 

effectiveness, shirking of compound increments, simplicity of robotization ,straightforward equipment and conservative size of EC 

frameworks, more noteworthy practical pH extent and pH balance impact and the nearness of electro floatation [Kuokkanen et al., 

2013]. 

Electrolysis is a procedure in which oxidation and decrease responses happen when electric current is connected to an electrolytic 

arrangement. At it least difficult, an electro coagulation framework comprises of an anode and a cathode made of metal plates, both 

submerged in watery arrangement being dealt with [ Emamjomeh et al., 2009]. An Electro coagulation framework may contain it is 

possible that one or various anode-cathode combines and might be associated in either bipolar mode [ Emamjomeh et al., 2009]. The 

most imperative variable affecting the productivity of EC procedure are the anode materials utilized , connected current thickness, 

treatment time, and arrangement science, including beginning pH and the concoction creation of the aqueous arrangement being 

expelled. The arrangement temperature , kind of salt used to raise conductivity, nearness of chlorides, cathode hole, passivation of 

anode, water stream rate additionally affect the evacuation efficiency and financial sturdiness of a given EC application [ Kuokkanen 

et al., 2013]. Krishna Prasad et al., (2008) found that 95% shading expulsion was acquired with 31 mA / cm
2
, weakening of 17.5%, 

and 4 hour electrolysis plan. Körbahti et al., (2008) presumed that 100% contamination load, 61.6% COD, 99.6% color removal, and 

66.4% turbidity were expert by an electrochemical reactor, where ideal conditions for leading the investigation were at temperature of 

30 degrees Celsius, 25 g/L electrolyte focus, 8 V electrical potential, with a 35.5 mA / cm
2
 current thickness.  

Having considered current thickness, pH, and electrolysis outline, the creators were fit for concentrating on the impacts of COD, 

turbidity, TS evacuation, and ooze settling with aluminum cathodes. Vasudevan et al., (2010) considered utilizing mellow steel as 
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anode and cathode, expelling 98.6% arsenate at a present thickness of 0.2 A/dm2, and a pH of 7. Energy established that the 

evacuation was inside 15 minutes, taking after a second request rate retention. At long last, Langmuir adsorption isotherm portrays 

fittingly this condition. Balasubramanian et al., (2010) displayed adsorption isotherm energy for arsenic expulsion from watery 

arrangements by method for electro coagulation through reaction surface philosophy.  

Thakur et al., (2009) presumed that COD and shading evacuation of 61.6% and 98.4%, individually, were equipped for treating bio-

digester gushing inside an electro coagulator. This was a consequence of a bio-digester plant took after by two-stage oxygen 

consuming treatment. While considering a second-arrange relapse model for this wondersðpH, current thickness, between cathode 

separation, and electrolysis time as parameters, the model closed a r2 estimation of 0.9144 for COD and 0.7650 for shading.  

Gadd et al., (2010) presumed that treatment productivity was identified with the anode region, alongside coagulant and air pockets, 

elements of terminal zone, current thickness, and effectiveness. This operation was finished utilizing a vertical plate electro 

coagulation treating molasses process wastewater.  M. Kobya et al., (2007) uncovered that Acidic medium is best for a high COD 

expulsion for both terminal materials; iron cathode performs obviously better with BP-S mode, while the execution of aluminum is not 

unequivocally subject to association mode. For a high turbidity expulsion, the ideal pH relies on upon the terminal material; aluminum 

anode associated in BP-S mode performs better in acidic medium, while the poor filterability of the flocs manages pH 7 to be more 

appropriate for the iron cathode associated in MP-S mode. 

 

Modified Table Electro coagulation used for treatment of distillery spent wash (Wagh et al., 2015). 

Current 

density 

in A/cm
2
 

Time 

(Min) 

pH % Colour 

Removal 

% COD 

Removal 

Anode ïCathode Reference 

0.817 120 3 - 81.3,71.8,52.4 Al -Al,  Al -Fe, Fe-Fe Khandegar et al.,  2014 

0.01 140 3 - 56 Al -Al  Krishna B.M.et al.,  2010 

0.143 180 5 - 37 RuO2-Ti ï SS Prasad et al.,  2009 

1.467 150 6.75 - 61.6 SS-SS Thakur et al.,  2009 

0.06 180 6.9-7.2 - 85.2 Graphite-Graphite Manishankar et al.,  2004 

0.03 180  - 84 Mixed metal oxide 

(MMO) electrode 

Asaithambi et al.,  2012 

0.71 

0.718 

60 

60 

7.5 

7.2 

- 60,50 

99.88 

Al -Al, Fe-Fe 

Al -Al, Fe-Fe 

Khandegar et al.,  2014 

0.03 140 7 94 - Al -Al  Shruti et al.,  2013 

0.03 140 7 97.76 - Al -Al with Fenton reagent Shruti et al.,  2013 
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0.03 240 6 100 

89 

7 

83 

60 

7 

Ozone assisted EC 

Al -Al electrodes 

Ozonation 

Asaithambi  et al.,  2012 

 

- 

- 

150 

150 

8 

3 

99.78 

- 

- 

85.71 

Fe-Fe electrode 

Al -Al electrode 

Wagh et al., 2015 

0.04 120 3 96.09 85.7 Al -Al electrode Wagh et al., 2015 

 

 

Adsorption techniques 

Bharat kumar et al., (2015) revealed that adsorbent technique is one of best method for removal of pollutants from distillery spent 

wash and we can reuse the effluent characteristics so it could be used for irrigation to reduce pressure over normal irrigation water. It 

is beneficiary to use diluted effluent for better growth of plants. Activated charcoal is an ideal adsorbent for removal of color of 

wastewater and 99.7% discoloration was found and maximum COD removal of 58.15% by using activated charcoal [Bharat Kumar et 

al.,  2015]. Carbon has been utilized as an adsorbent for a considerable length of time. Enacted carbon capacity to expel mixes from 

wastewater expanded its utilization from most recent 30 years. Adsorption is normal procedure by which atoms of a broke up 

compound gather on and hold fast to surface of an adsorbent solid[ Bhise et al., 2012]. It is ideal to go for adsorption by utilizing 

enacted carbon before treating refinery spent wash by electro coagulation. When all is said in done the most extreme rate decrease in 

every parameter has been found in filtration bed containing sand, dirt and charcoal [Eyob kebede et al., 2015]. The most extreme 

shading expulsion with adsorption process with was discovered 0.550 [ Bhise et al., 2012]. 

       Primary treatment through biomethanation and energy recovery ï an economic process practiced in Indian distilleries is however, 

does not meet the discharge standards (CPCB, 2002). In absence of acceptable and efficient methods for further treatment of digested 

spent wash, many a times it is discharged into water bodies or on the land directly. It is much more hazardous when disposed into 

water bodies, since it will lead to complete depletion of dissolved oxygen and destruction of aquatic life. If disposed untreated on land, 

it reduces alkalinity of the soil, and crops may be destroyed. In some parts of the country, color problems in groundwater are very 

acute (Chauhan and Dikshit et al., 2007). 

   Shivayogimath et al., (2014) concluded that maximum removal of COD,TDS and color of 95.2%, 89.8% and 62.83% respectively & 

obtained at parameter 6 hours of contact when treated with a activated carbon dose of 10g/ml at pH 2.& also activated carbon could be 

a feasible alternative for the treatment of biomethanated distillery spent wash. Conventional methods can accomplish only low 

degradation of melanoidins it is necessary to explore additional treatments to remove color from molasses effluent. Melanoidins can 

be removed by physicochemical treatments, but these methods require high reagent dosages & generate large amount of sludge (Chine 

and Korake et al., 2012). Adsorption is one of the set up unit operations utilized for the treatment of wastewater. Enacted carbon is the 

most utilized adsorbent. As business enacted carbons are exorbitant; subsequently elective ease adsorbent has been the centered. Also, 

the preparing and change of farming deposits into enacted carbon with great adsorption properties would mitigate issues of transfer 

and administration of these waste by-items, while giving an astounding finished item for water and wastewater treatment 

[Shivayogimath et al., 2014].  It was prescribed that the waste slime from this industry be used as a substitute for ordinary coagulants. 

Adsorption happens when the attractive strengths at the carbon surface defeat the appealing powers of the fluid. Granular enacted 
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carbon is great retentive medium because of its high surface range to volume proportion. Likewise other material is utilized to 

evacuate the metal, for example, peat, fleece and silk.[ Sohail Ayub, Nusrat Ali et al., 2016] 

 

Sand filtration technique 

There are several technologies that have been explored for treatment of waste water; this can be generally classified as physical, 

chemical and biological methods. The aim of present study is to develop a simple and economical method of wastewater treatment 

disposed from distillery industry. Maximum percentage reduction in COD and color was in filter containing sand, clay and charcoal. 

The proficiency of filtration bed can be requested as sand: dirt, sand: clay: ash, sand: clay: charcoal mix. There are different propelled 

strategies for wastewater treatment yet most are uneconomical yet sand filtration procedures can be considered as an option and 

prudent strategy to treat waste water [ Eyobe kebede et al., 2015]. 

Prasad G. et al., (2007) concluded that maximum COD removal of 78.96% was recorded at 2 feet sand depth of sand soil ratio of 3:1. 

The distillery effluent was passed through filter bed with various ratios. There is significant reduction in removal of COD, BOD and 

color without any labour and energy cost except filtration bed. Optimization of sand size, depth of filter and with mathematical 

modeling is required to increase filtration rate. 

 

Conclusions 

Electro coagulation with Adsorbent and sand filtration can be prove efficient technology to treat highly polluted wastewaters, from 

above literature we conclude that 

ü It is possible to reduce the pollution from waste water by using locally available material by application of sand and soil as an 

alternative and economical method to treat wastewater. 

ü Adsorption using activated carbon is better choice before treating distillery spent wash before Electro coagulation. 

ü The distillery wastewater after adsorbent treatment is suitable for irrigation purpose. 

ü On increasing of contact time and adsorbent dose after the limit there is not much effect on removal of pollutants. 

ü Electro coagulation is an economical method for treatment of distillery spent wash but only problem is about secondary 

sludge developed during EC process. 
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Abstractð Selection of an appropriate neuron model for neuroscience studies is a crucial task for researchers.   Some of the neuron 

models are too simple to exhibit the complex dynamics of the neuron and others are very complex and cannot be used in a network as 

they result in computationally expensive analysis.  Study of chaotic behavior and bursting phenomenon of biophysical neuron models 

is an important step towards analyzing the overall functioning of the brain.  In-depth analysis of bursting and chaotic behavior of 

FitzHugh- Rinzel neuron model has been made in this paper work. 

Keywordsð Biological Neuron, Time Response, Phase Portrait, FitzHugh-Rinzel Model, Nonlinear Dynamics, Bursting, Chaotic 

Behavior.  

INTRODUCTION 

The brain is one of the most complex objects in the universe.  Although many  attempts have  been made  to  investigate  and  model 

the  functionalities of the  brain,  the  exact  working of it is still  unknown.   The research in the field of computational neuroscience is 

aimed to know about the brain with more intricacy and to develop more realistic models of its constituents. These models are 

important tools for characterizing what nervous systems do, determining how they function, and understanding why they operate in 

particular ways.  As most of these models are dynamical in nature, theory of dynamical systems is useful in gaining new insights into 

the operation of nervous system.  The primary step for understanding the brain dynamics is to understand the dynamical behavior of 

mathematical models of individual neurons.  The most important part of this study is the bifurcation analysis of the neurons and their 

networks.   Certain bifurcations in the membrane potential result in neural excitability, spiking, and bursting.  Revealing these 

bifurcations in neuron models helps in knowing various functions of the brain.   Such types of studies include the analysis of chaotic 

behavior of neural systems.  These neural systems can be individual neurons or their interconnections. The ongoing research in this 

regard is to examine the role of chaos in learning.  Exploring dynamics of biological neuron models is helpful not only in neuroscience 

studies but also in neural network applications. 

 

In literature, different dynamical models are proposed to represent bio- physical activities of neurons.  Commonly used models for the 

study of spiking and bursting behaviors of neurons include integrate-and-fire model and its variants [5, 6, 18, 30], FitzHugh-Nagumo 

model [7], Hindmarsh-Rose model [15, 10], Hodgkin-Huxley model [13, 11] and Morris-Lecar model [25].  A short review of these 

models is provided by Rinzel in [26, 27, 28]. An excel- lent comparison of more than  twenty neurocomputational properties  of the 

most popular  spiking and bursting  models have been made in [16]. Bifurcation phenomena in individual neuron models including the 

Hodgkin-Huxley, Morris-Lecar and FitzHugh-Nagumo models have been investigated in the literature [15, 27, 4]. Rinzel and 

Ermentrout [27] studied bifurcations in the Morris-Lecar model by treating the externally applied direct current as a bifurcation 

parameter. 

From various experiments, it has been well established that neuronal activities show many characteristics of chaotic behavior.   Some 

researchers believe that this  sort  of behavior  is necessary  for the  brain  to engage in continual learning ï categorizing a novel input  

into a novel category  rather than  trying  to fit it into an existing category [29, 9, 1]. Freeman developed a mathematical model for 

EEG signals generated by the olfactory system in rabbits [9]. He suggested that the learning and recognition of novel odors, as well as 

the recall of familiar odors can be explained through chaotic dynamics of the olfactory cortex.   Attempts have been made  to represent 

the  neurodynamics  of biological neural  networks  in terms  of artificial neural  network type  of structures  with  some extent  to  

their  intricacies.   Chaotic dynamics based neural networks have also been proposed to capture some of the characteristics of learning 

in the brain [2].  Nonlinear dynamics of various neuronal models has been investigated in [24, 19, 20].  Chaos in firing rate recurrent 

neural network models have been investigated in [22]. The effect of synaptic bombardment has been explored in the dynamics of 

various biological neuron models [21]. Nonlinear dynamical analysis on coupled modified FitzHugh-Nagumo neuron model has also 

been performed [23]. 
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The brain  takes  the  incoming sensory data  as input,  encodes them into various  biophysical  variables  and  performs  a  number  of 

computations on these variables to extract  relevant features from the input.  Biophysical mechanisms responsible for these 

computations are dynamical in nature and lead to various types of learning.  Therefore, there are two closely related issues in 

computational neuroscience ï nonlinear dynamics of different constituents of nervous system and the roles of various biophysical 

activities in learning. There have been many evidences in literature to experimentally explore the chaotic behavior of neuronal 

activities.  Study of chaos and other phenomena of nonlinear dynamics in various levels of brain modeling can provide a significant 

help in investigating the learning mechanism.  

Nonlinear dynamical analysis of FitzHugh-Rinzel neuron models is carried out to investigate different bifurcations and chaos.  The 

same analysis has been carried out also for a firing-rate recurrent neural network of three neurons and it is observed that its dynamical 

behavior becomes chaotic at some set of parametric values.  This study supports the role of chaos in continual learning ï categorizing 

a novel input into a novel category rather than trying to fit it into an existent category. 

NEURON MODELS 

Neurons or nerve cells are the fundamental building blocks of the nervous system.  These cells form the basis of the brain.  Therefore, 

a sufficient in-depth knowledge of neurons is necessary for study of the brain.   A typical human brain consists of approximately 100 

billion neurons, each neuron having at least 10,000 connections with other neurons.  A typical neuron has three major regions: the 

soma, the axon and the dendrites.  Dendrites form a dendritic tree which is a very fine bush of thin fibers around body of the neuron.   

Dendrites receive information from neurons through axonsï long fibers that serve as transmission lines. An axon is a long cylindrical 

connection that carries impulses from the neuron.  The end part of an axon splits into a fine arborization which terminates in a small 

end-bulb almost touching the dendrites of neighboring neurons.  The connections between the ends of axons and the dendrites or cell 

bodies of other neurons are specialized structures called synapses.  Electrochemical signals flow in neurons, originating at the 

dendrites or cell body in response to stimulation from other neurons and propagating along axon branches which terminate on the 

dendrites or cell bodies of thousands of other neurons [3]. 
 

Various mathematical models for biological neurons have been proposed in literature [7, 15, 13, 25, 26, 16] to represent their 

biological activities. As it  is generally  believed that neurons  communicate  with  each other  via action  potentials, almost  all of 

these  models represent  neuronal  behavior in terms  of membrane  potential  and  action potential.  Some most popular models are 

Hodgkin-Huxley [13], integrate-and-fire [18], FitzHugh-Nagumo (FHN) [7], FitzHugh-Rinzel (FHR) [26], Morris-Lecar [25], Wilson-

Cowan [31, 14], Izhikevich [16] and Hindmarsh-Rose [10] models.  These neuron models represent the characteristics of the responses 

of different types of real neurons with different levels of biological plausibility. 

 

Some widely used models of spiking and bursting neurons [7, 15, 13, 25, 26, 16] are reviewed in the remaining part of this section.  

These models can be expressed in the form of ordinary differential equations (ODE).  It is discussed whether these models have 

biophysically meaningful and measurable parameters and can exhibit bursting and chaotic activities. 

FITZHUGH-RINZEL MODEL  

Dendrites receive electrical signals through dendritic spines that consist of a spherical head and a stem connected to the dendrite.   

FitzHugh-Rinzel (FHR) model describes the dynamics of dendritic spines [28]. This model shows how the potential difference 

between the spine head and its surrounding medium vacillates between the silent phase and the active phase  or bursting.   The system 

switches phases depending on the strength of the slowly changing drift current in the dendrite.  This model is a modification of the 

FHN model and incorporates a third state variable to model the bursting behavior of neurons.  This model is represented by a set of 

three coupled nonlinear differential equations.  It takes the following form 
 
Ὠὺ

Ὠὸ
ὺ

ὺσ

σ
ύ ώ Ὅ                                (1) 

Ὠύ

Ὠὸ
ὥ‏ ὺ ὦύ                                      (2) 

Ὠὺ

Ὠὸ
‘ὧ ὺ Ὠώ                                                (3) 

Variable  v represents  the  potential  difference between  the  dendritic  spine head  and  its surrounding  medium,  w is recovery 

variable  and  y represents the slowly moving current in the dendrite.  In this model, v and w together make up a fast subsystem 

relative to y.  
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NONLINEAR DYNAMICS OF FITZHUGH-RINZEL MODEL  

FitzHugh-Rinzel (FHR) model is a three dimensional model derived from the FHN model to incorporate bursting phenomena of nerve 

cells.  It takes the following form  
 

Ὠὺ

Ὠὸ
ὺ

ὺσ

σ
ύ ώ Ὅ                                           (4) 

Ὠύ

Ὠὸ
ὥ ‏ ὺ ὦύ                                                                                 (5) 

Ὠώ

Ὠὸ
ʈ ὧ  ὺ  Ὠώ                                                                (6) 

 

This model exhibits spiking as well as bursting phenomenon of the neuron.   Figure  1 shows time  response  and  phase  portrait of 

this  system  at I = 0.3125, a = 0.7, b = 0.8, c = ī0.775, d = 1, ŭ = 0.08, and Õ = 0.0001. It is observed that the model exhibits 

bursting at these values of parameters. 

 

(a) Time Response                                                                      (b) Phase Portrait 

 
Figure  1:  Time  response  and  phase  portrait of FHR  model at  I = 0.3125, a = 0.7, b = 0.8, c = ī0.775, d = 1, ŭ = 0.08 and  Õ = 

0.0001.  The model exhibits bursting at these values of parameters. 

BIFURCATION ANALYSIS OF FITZHUGH-RINZEL (FHR) MODEL 

Bifurcation analysis of FHR model has been carried out with respect to different parameters. 

BIFURCATION ANALYSIS WITH Õ AS A BIFURCATION PARAMETER 

Jacobian matrix, J of this model at the equilibrium point (ve, we, ye) for I = 0.3125, a = 0.7, b = 0.8, c = ī0.775, d = 1 and ŭ = 0.08, in 

terms of the bifurcation parameter Õ is gives as 
 

ὐ
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Eigenvalues of the linearized system are computed by solving |ɚI ī J | = 0 for ɚ.  Thus, eigenvalues ɚ1, ɚ2, and ɚ3 are the roots of 

following characteristic equation of the linearized FHR system. 
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This characteristic equation can be written as 
 

ʇσ  !ʇς  "ʇ  #  π 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƗȮɯ,Èà-)ÜÕÌȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

176                                                                                                   www.ijergs.org   
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Applying Routh-Hurwitz stability criteria, we get the following array 
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Figure 2:  Plots of A, C and C ī AB with respect to Õ.  A, B, and C are the coefficients of the characteristic equation of FHR model.   C 

ī AB is always negative for all values of bifurcation parameter Õ.  A and C crosses zero value at Õ = ī0.13 and Õ = ī0.02, 

respectively.  Therefore, Hopf bifurcation takes place at these values of Õ. 

 

It is found that there are possibilities of Hopf bifurcations at those values of parameter Õ for which A = 0, C = 0 or C ī AB = 0.  At 

the equilibrium point (ī1.0292, ī0.4116, 0.2542), C ī AB, in terms of Õ comes out to be 

 

C ī AB = ī1.1233Õ
2
 ī 0.0744Õ ī 0.0103 

 

Thus, C ī AB is always negative for all values of bifurcation parameter Õ. Plots of A, C, and C ī AB with respect to Õ are shown in 

Figure 2.  It  is clear from this  figure that A and  C  crosses zero value  at  Õ = ī0.02  and Õ = ī0.13 and therefore  Hopf bifurcation  

takes  place at  these values of Õ. However, these values do not lie in the practical range of Õ. To  reveal  the  bifurcation  phenomenon  

in the  practical  range  of Õ, the bifurcation  diagram  and  largest  Lyapunov  exponent  are plotted.   Figure 3 shows the bifurcation 
diagram with Õ as bifurcation parameter.   Plot of largest Lyapunov exponent with respect to Õ is shown in Figure 4.  Positiveness of 

the largest Lyapunov exponent for some values of Õ indicates its chaotic behavior which is also observed in the bifurcation diagram.   

Time response and phase portrait are plotted for Õ = 0.0002 in Figures 5(a) and 5(b), respectively.  These plots show the chaotic 

behavior. 
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Figure 3:  Bifurcation diagram of FHR model with Õ as bifurcation parameter. This bifurcation diagram shows that the minimum value 

of Õ for either spiking or bursting or chaotic response is of the order of 1 Ĭ 10
ī4
. y-axis of this plot shows the values of variable v at 

different time instants after  transients. 

 

 
Figure 4:  Plot of the largest Lyapunov exponent of FHR model with respect to Õ.  It is positive for 1.4 Ĭ 10

ī4
 < Õ < 2.2 Ĭ 10

ī4
 and 

3.4 Ĭ 10
ī4
 < Õ < 3.43 Ĭ 10

ī4
.  Therefore, the model exhibits chaotic response for these ranges of Õ. 

BIFURCATION ANALYSIS WITH I AS A BIFURCATION PARAMETER 

Bifurcation analysis, with current (I) as a bifurcation parameter, is carried out in order to investigate the effect of stimulus on the 

spiking behavior of FHR model. For this, the Jacobian matrix, J of this model at the equilibrium point (ve, we, ye) for Õ = 0.0001, a = 

0.7, b = 0.8, c = ī0.775, d = 1, and ŭ = 0.08, in terms of the bifurcation parameter I is given as 
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For the above values of parameters, there exists one and only one equilibrium point for all values of I. Figure 6 shows the location of 

this equilibrium point as a function of I. Characteristic equation, in terms of ve, comes out to be 
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(a) Time Response                               (b) Phase Portrait 

 

Figure 5:  Time response and phase portrait of FHR model for Õ = 0.0002.  The model exhibits chaotic response for this value of Õ. 

 

 

 
Figure 6: Locus of equilibrium point of FHR model as a function of I.  There is one equilibrium point for every value of I. 

 

This characteristic equation can be written as 
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Figure 7: Real parts of eigenvalues of the FHR model.  This plot indicates the values of I for which the real parts of eigenvalues 

vanish. 

 

 

 
Figure 8: Imaginary parts of eigenvalues of the FHR model. This plot indicates the range of I for which there exist complex 

eigenvalues. 

 

Routh-Hurwitz stability  criterion  shows that  there  are possibilities  of Hopf bifurcations  at  those values of parameter I for which A 

= 0, C = 0 or C ī AB = 0.  First condition, i.e., A = 0, is equivalent to ve  = 0.2532 and the second condition,  i.e., C = 0, will not  be 

satisfied for any real value of ve. Third condition, i.e., C ī AB = 0, can be expressed as 

 

ī0.641ὺὩ
τ  + 0.584ὺὩ

ς + 0.015 = 0 
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Figure 9:  Bifurcation diagram of FHR model with I as a bifurcation parameter.  Qualitative change in the dynamical behavior of the 

model takes place as the parameter I is changed.   The  dynamics  changes  from converging  to periodic  and  again  from periodic  to 

converging as I is increased.  y-axis of this plot shows the values of variable  v at  different time instants after  transients. 

 

 
(a) Time Response                                                                               (b) Phase Portrait 

 

Figure 10:  Time response and phase portrait of FHR model for I = 0.1.   The model exhibits a fixed-point attractor for this value of I. 

 

 
(a) Time Response                                                                        (b) Phase Portrait 

 

Figure 11:  Time response and phase portrait of FHR model for I = 0.15.   The model exhibits a limit-cycle attractor for this value of I. 
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(a) Time Response                                                                        (b) Phase Portrait 

 

Figure 12:  Time response and phase portrait of FHR model for I = 3.1.   The model exhibits a limit-cycle attractor for this value of I. 

 

 
(a) Time Response                                                                        (b) Phase Portrait 

 

Figure 13:  Time response and phase portrait of FHR model for I = 3.2.   The model exhibits a fixed-point attractor for this value of I. 

 

 
Figure 14: Plot of the largest Lyapunov exponent with respect to the bifurcation parameter I.  The largest Lyapunov exponent is 

positive for 0.8 < I < 1.2.  Therefore, the model exhibits chaotic behavior in this range of I. 

 

This equation has four roots among which two are real and are ve = Ñ0.9675. Thus,  Hopf bifurcation  takes  place  at  three  values  of 

I corresponding  to three  values  of ve,  i.e.,  ve   = ī0.9675, 0.2532, 0.9675.   The values of I at which Hopf bifurcation takes place, 

are calculated by solving Equation 8 for above mentioned values of ve. It is found that there are possibilities for Hopf bifurcation to 
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take place for I = 0.1387, 1.9719, 3.1612. Eigenvalues at these values of I are calculated by solving the characteristic equation and are 

given in Table 1. There is no Hopf bifurcation for I = 1.9719 as there is no pair of complex conjugate eigenvalues passing jɤ-axis for 

this value of I. Thus, Hopf bifurcation takes place for I = 0.1387 and I = 3.1612. Real and imaginary parts  of eigenvalues of the  FHR  

model linearized  at  its equilibrium  points are plotted  against  I in Figures 7 and 8, respectively.  Figure 8 indicates the range of I for 

which there are complex eigenvalues.  There is no possibility of Hopf bifurcation at other values of I.   Figure 7 indicates those values 

of I at which real part vanishes and its rate of change with respect to I is nonzero. It is observed from these plots that real part of 
eigenvalues vanishes without its imaginary part becoming zero at I = 0.1387 and I = 3.1612. It indicates the Hopf bifurcation at these 

points.  These points are observed with a poor accuracy in the bifurcation diagram of Figure 9.  Possible reasons of this inaccuracy are 

related to the limitations of numerical methods used for integration. Presence of Hopf bifurcation at I = 0.1387 as well as I = 3.1612 is 

verified by plotting time responses and phase portraits for I just before and just after these values.  Figures 10, 11, 12, and 13 represent 

time responses and phase portraits for I = 0.1, 0.15, 3.1, and 3.2 respectively.  It is observed that the response exhibits a fixed-point 

attractor at I = 0.1 and 3.2 while it is oscillatory at I = 0.15 and 3.1. Therefore, I = 0.1387 and I = 3.1612 are two Hopf bifurcation 

points. Lyapunov exponent analysis is performed for investigation of presence of chaos in FHR model when I is a bifurcation 

parameter.  Largest Lyapunov exponent is plotted in Figure 14, against the bifurcation parameter I in order to detect the presence of 

chaotic attractors in this model. It is observed that the largest Lyapunov exponent is positive for some values of I.  For these values of 

I, response of the FHR model is chaotic.  Figure 15 represents time responses and phase portrait for I = 0.9.  It is observed that the 

response exhibits chaos for this value of I. 

 

 
(a) Time Response                                                                        (b) Phase Portrait 

 

Figure 15:  Time response and phase portrait of FHR model for I = 0.9.   The model exhibits chaotic behavior for this value of I. 

 

Table 1: Equilibrium points and eigenvalues for three different values of I 

I ve we ye ɚ1 ɚ2 ɚ3 

0.1387 

1.9719 

3.1612 

-0.9675 

0.2532 

0.9675 

-0.3344 

1.1915 

2.0843 

0.1925 

-1.0282 

-1.7425 

-0.0002 

0.8481 

-0.0002 

0 - j 0.2757 

-0.0004 

0 - j 0.2757 

0 + j 0.2757 

0.0241 

0 + j 0.2757 

CONCLUSIONS  

One of the most effective approaches for the study of the nervous system is to look at its constituents as nonlinear dynamical systems.   

Dynamical analysis has been carried out on FHR neuron models. Eigenvalue analysis is performed for the detection of Hopf 

bifurcation and Lyapunov exponents are plotted for the study of chaos.  Lyapunov exponent and eigenvalue analysis show that 

FitzHugh-Rinzel neuron model exhibits fixed points, limit cycles as well as chaotic (strange) attractors at various values of 

parameters. This study identifies FitzHugh-Rinzel neuron model as an appropriate model for investigating roles of bursting and chaos 

in continual learning.  This research work can be extended in various directions. Dynamical analysis in other neuron models (including 

stochastic neuron models) and their interconnections can be performed in order to study various characteristics of brain signals (e.g., 

bursting, chaos, stochastic resonance, and threshold variability). 
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Abstractð The paper includes the study of the capacitive sensing technology and its applications in modern technology. The subject 

describes the behavior of electric field induced due to a capacitor. Capacitors are the basic building blocks of the electronic world. 

Capacitance is the ability of a capacitor to store an electrical charge. The sense of touch is an important human sensory channel. 

During interaction with physical objects, pets and human beings, touch (physical contact) constitutes an extremely significant event. 

The technology used to respond to such a physical touch is termed as capacitive sensing. In this paper we are going to define the 

capacitive sensing technology in the production of new age devices. Such device uses the human body capacitance as their input and 

according to the sensory feedback they provide output. These devices have a major role in the current scenario. Such devices are used 

to overcome accidents, which are a major cause in the present time. In this paper we are also going to define the use of such 

technology to design such king of helmet that can reduce the percentage of road accidents. When the driver wears that helmet then 

only his/her vehicle will be activated. This helmet uses the capacitance of the human ear as input. Now a days capacitive sensing has 

many applications, as such it is used in the smart phones used widely in the whole world. Many types of sensors use this technique. 

The major applications include the sensors used to measure or detect proximity, position or displacement, humidity, fluid level & 

acceleration. Capacitive sensing is different from that of the inductive sensing and its main advantage is that it can sense different kind 

of materials like skin, plastic, metal & liquid. 

Keywordsð proximity sensing, capacitive sensing, electrodes, traces. 

INTRODUCTION: 

In 1831, Michael Faraday discovered electro-magnetic induction. Essentially, he found that moving a conductor through a magnetic 

field creates voltage that is directly proportional to the speed of the movementðthe faster the conductor moves, the higher the voltage 

induces. Today, inductive proximity sensors use Faradayôs Law of Electromagnetic Induction to detect the nearness of conductive 

materials without actually coming into contact with them. The primary deficiency of these sensors, however, is that they only detect 

metal conductors and different metal types can affect the detection range. 

Capacitive sensors, on the other hand, adhere to the same principle but can detect anything that is either conductive or has different 

dielectric properties than the sensorôs electrodes surroundings. Proximity capacitive sensors have become increasingly popular as 

more user/machine interfaces are designed using touch panels to reliably respond to commands. 

Capacitors are the basic building blocks of the electronic world. To understand how capacitive sensors operate, it is important to 

understand the fundamental properties and principles of capacitance. 

Capacitance is the ability of a capacitor to store an electrical charge. A common form ï a parallel plate capacitor whose capacitance 

is calculated by C = Q / V, where C is the capacitance related by the stored charge Q at a given voltage V. The capacitance (measured 

in Farads) of a parallel plate capacitor consists of two conductor plates. 

The sense of touch is an important human sensory channel. During interaction with physical objects, pets and human beings, touch 

(physical contact) constitutes an extremely significant event. The technology used to respond to such a physical touch is termed as 

capacitive sensing. Now a days capacitive sensing has many applications, as such it is used in the smart phones used widely in the 

whole world.  
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Capacitive sensing depends on the phenomenon of the capacitive coupling. In this technique the input to the system is human body 

capacitance. Capacitive sensors can detect anything. The only condition for the detection is that the object must be conductive or it has 

a dielectric different from that of air. 

Many types of sensors use this technique. The major applications include the sensors used to measure or detect proximity, position or 

displacement, humidity, fluid level & acceleration. Digital audio players, mobile phones & tablet computer use capacitive sensing 

touchscreens as input devices. Capacitive sensors can also replace mechanical buttons. 

ADVANTAGES OF CAPACITIVE SENSING 

1. It can sense different kinds of materials like skin, plastic, metal, liquid. 

2. It is contactless and wear-free. 

3. It has the ability to sense up to a large distance with small sensor sizes. 

4. It is a low power solution. 

 

POINTS TO BE KEPT IN MIND WHILE DESIGNING A CAPACITIVE SENSOR 

1. Design electrode plates to measure the desired variable. Maximize capacitance with large-area, close-spaced plates. 

2. Surround the sensor with appropriate guard or shield electrodes to handle stray capacitance and crosstalk from other circuits. 

3. Calculate sensor capacitance, stray capacitance and output signal swing. 

4. Choose an excitation frequency high enough for low noise. As excitation frequency increases, external and circuit-generated noise 

decreases. 

5. Design circuit to meet accuracy specifications and provide immunity to environmental challenges. 

 

APPLICATIONS OF CAPACITIVE SENSING 

1. Flow: Many types of flow meters convert flow to pressure or displacement, using an orifice for volume flow. Capacitive sensors 

can then measure the displacement. 

2. Pressure: A diaphragm with stable deflection properties can measure pressure with a spacing-sensitive detector. 

3. Liquid Level:  Capacitive liquid level detectors sense the liquid level in a reservoir by measuring changes in capacitance between 

conducting plates which are immersed in the liquid, or applied to the outside of a non-conducting tank. 

4. Spacing: If a metal object is near a capacitor electrode, the mutual capacitance is a very sensitive measure of spacing. 

5. Scanned multi-plate sensor: The single-plate spacing measurement can be extended to contour measurement by using many 

plates, each separately addressed. Both conductive and dielectric surfaces can be measured. 

6. Thickness measurement: Two plates in contact with an insulator will measure the insulator thickness if its dielectric constant is 

known or the dielectric constant if the thickness is known. 

7. Ice detector: Airplane wing icing can be detected using insulated metal strips in wing leading edges. 

8. Shaft angle or linear position: Capacitive sensors can measure angle or position with a multi-plate scheme giving high accuracy 

and digital output, or with an analog output with less absolute accuracy but faster response and simpler circuitry. 

9. Limit switch : Limit switches can detect the proximity of a metal machine component as an increase in capacitance, or the 

proximity of a plastic component by virtue of its increased dielectric constant over air. 

10. Accelerometers: Analog Devices has introduced integrated accelerometer ICs with a sensitivity of 1.5g. With this sensitivity, the 

device can be used as a tiltmeter. 

CAPACITIVE TOUCH HARDWARE DESIGN 

To design a good touch sensor, all about we require is the good study of the capacitive sensing. The purpose of this paper is to 

describe the design of such a capacitor sensor that can achieve maximum performance. By achieving maximum performance in the 

hardware, the capacitive touch software library can perform the capacitive touch measurements with the lowest power consumption. 

The design for the sensor includes the schematic as well as the mechanical part. The schematic and mechanicals are treated as design 

requirements that influence the PCB layout. This paper first describes requirements that might be found in the schematic and 

mechanical requirements of the product. These requirements have an effect on the layout and must be considered first. After the 

requirements of the product are understood, then the PCB layout can begin. The figure below shows an equivalent circuit that provides 

the basic concepts for understanding how the different aspects of the design contribute to the overall performance. Before discussing 
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the equivalent circuit, it is important to understand the basic terminologies used for the designing of the capacitive sensors. These 

terminologies include electrode, traces, and capacitance. The little description about these three terminologies is explained below: 

 

1. Electrodes: An electrode is the physical conductive structure that a person interacts with. This   structure is typically thought of 

as the copper on a printed circuit board (PCB), but can also be made of transparent materials such as Indium Tin Oxide (ITO) or 

other conductive materials like silver. The electrode shape can be very simple (for buttons) or very complex (for interdigitating). 

The electrode does not necessarily need to be planar. One of the benefits of capacitive touch detection is that it allows an 

application to use buttons, wheels, or sliders that conform to the shape of irregular surfaces. 

 

 

2. Traces: A trace is the conductive connection between the microcontroller and the electrode. Similar to the electrode, the trace is 

typically a copper trace on a PCB, but it could also be made of materials like ITO and silver. 

 

3. Capacitance: Capacitance is the ability of the electrode to store an electrical charge. In the context of capacitive touch detection, 

there are two common categories of capacitance: mutual capacitance and self-capacitance. As the names imply, self-

capacitance refers to the capacitance of one electrode, while mutual capacitance refers to the capacitance between two electrodes. 

Self-capacitance is the topic of this document, and the concepts described here pertain primarily to self-capacitance solutions. 

An important concept within capacitive touch detection is baseline capacitance. This represents the steady-state no-interaction 

capacitance seen by the microcontroller. The baseline capacitance is the sum of the parasitic capacitances, which include the 

electrode, trace, and parasitic capacitances associated with the microcontroller pins, solder pads, and any discrete components 

associated with the circuit. The baseline capacitance is important because sensitivity is a function of the relative change in 

capacitance. If the baseline capacitance is too large, then any change in capacitance caused by a touch or proximity event is very 

small and might not be distinguishable from the baseline. 

EQUIVALENT CIRCUIT 

In the figure shown below, there are five capacitances ïCtouch, Ctrace, Celectrode, Cparasitic &  Cground.  

1. Cground is the capacitance between the device under test (DUT) ground and earth ground. In some applications, local and earth 

ground are connected when the DUT uses mains power, but typically the local ground is capacitive coupled back to earth 

ground. 

2. Ctrace and Celectrode is the capacitance between the trace and electrode structures back to the local ground. This capacitance is 

most directly affected by surrounding structures, typically ground pours, that are either on the same layer or on adjacent 

layers. Not shown is the capacitance between the trace and electrode structures and earth ground. These capacitances are not 
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without merit; however, for simplicity and in the context of this document, the design guidelines are given with the principle 

of affecting the local capacitance (that is, separation between local ground and the traces and electrodes). 

3. The capacitance Cparasitic is a combination of the internal parasitic capacitance of the microcontroller and any components 

within the circuit. This capacitance is also referenced to local ground. 

4. The touch capacitance, Ctouch, is the parallel plate capacitance formed between the touch interaction and the electrode. In the 

example of a touch, as the finger presses against the overlay, the flattened surface of the finger forms the upper plate and the 

electrode forms the lower plate. The capacitance is a function of the area of the two plates, the distance between them, and 

the dielectric of the material that separates them. 

 

PERFORMANCE PARAMETER ASSOCIATED WITH SIGNAL & NOISE 

 

1. Signal & Noise: Capacitive touch detection is a type of analog-to-digital converter (ADC), specifically a capacitance to digital 

converter. As with most ADCs, the terms of interest are resolution, signal-to-noise ratio (SNR), and linearity, in the specific cases of 

wheels and sliders. Throughout this document, the design guidance helps to maximize signal, minimize noise, and address when these 

two goals are at odds. 

 

2.Signal: The basis of capacitive touch detection is the ability to measure a change in capacitance. This change in capacitance is the 

signal that the capacitive touch solution identifies. The term sensitivity is often used to describe the signal strengthða more sensitive 

solution has a stronger signal. 

Equation (1) serves as the basis for layout recommendations.  

                                     C =  ‐  

                                  C = Ůr Ĭ Ů0 × éé. (1) 

The dielectric constant (Ů), area (A), and distance (d) are described throughout this document with the intent of positively influencing 

the capacitance for a touch system. 

 

3.Parasitic Capacitance: Although parasitic capacitance is presented separately, it is a part of the sensitivity and signal. As already 

mentioned, the capacitance of interest is the relative change in capacitance. The change in capacitance is based upon the touch 

interaction, but this change is perceived relative to the parasitic capacitance of the system. The parasitic capacitance is also called the 
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steady-state capacitance or baseline capacitance. If the introduced change is 100fF, then the sensitivity, which is the relative change in 

capacitance, can be increased by decreasing the parasitic capacitance. The capacitances Ctrace, Celectrode, and Cparasitic are generically 

referred to as parasitic capacitance. 

 

4.Resolution: The term resolution can be used in several different contexts in capacitive touch detection. In the broadest sense, 

resolution is sensitivity and defined in terms of capacitance. A measurement system may be designed to resolve changes in 

capacitance in 0.1 pF steps and, therefore, the resolution is 0.1 pF 

 

5.Linearity:  The term linearity is often used to describe the performance of capacitive touch wheels and sliders. Similar to the 

linearity performance of ADC or digital to analog converter (DAC), the linearity is how well the reported position matching with the 

actual position. 

 

6.Range: Range applies to proximity sensors. The range or distance is directly proportional to the sensitivity. The more sensitive the 

hardware design, the greater the distance or range can be achieved with a proximity sensor. 

 

7.Noise: The signal is the change in capacitance that results in a meaningful change in counts. Noise, on the other hand, is any 

disturbance that does not change the capacitance but does change the counts. Most often these disturbances are the result of power 

supply switching noise, electrostatic discharge (ESD), electrically fast transients (EFTs), radiated noise, or some other type of 

electrical noise that couples into the system. 

 

8.Signal-to-Noise Ratio (SNR): The SNR is a system-level specification and needs to be tested at the system level. Good layout alone 

is not adequate but is part of the overall design to achieve an acceptable SNR. The main idea in providing good sensitivity is to 

maximize the capacitance associated with a touch and minimize the parasitic capacitance. The noise must be mitigated and reduced 

with good design practices for noise immunity (for example, ESD, RF, or EMC). 

SCHEMATIC OF CAPACITIVE SENSOR 

At the schematic stage of development, the two key elements are noise and parasitic capacitances associated with components. 

 

1. Components used for Designing: External components are not ideal with capacitive touch solutions because of the 

additional parasitic capacitance associated with any component. Therefore, components selected to be part of the capacitive 

touch circuit should have the smallest footprint area possible. Capacitance is directly proportional to area, so any reduction in 

footprint reduces capacitance. Typically, these external components are related to ESD protection such as current-limiting 

resistors placed between the microcontroller and the electrode. The concept of minimizing footprint also applies to 

connectors or any other component in the capacitive touch circuit. Ideally, any component would have a very low drift factor 

with temperature and time. While this is not a necessity, because the software has drift compensation, it is preferred to keep 

the touch circuit and all associated components as stable as possible over time and temperature. 

 

2. ESD Protection: ESD protection should be designed with consideration of the laminate material that acts as a barrier 

between potential ESD strikes and the PCB. Relying on the high-dielectric breakdown voltage of the overlay is preferred to 

adding ESD components to the touch solution, because these components add parasitic capacitance to the circuit and reduce 

sensitivity. If additional ESD protection is required, small current-limiting resistors and low-capacitance clamps are 

recommended. 
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3. Power: The drift compensation found within the capacitive touch software library accounts for drift in VCC over time (this 

drift may be associated with battery decay in portable applications). More spurious shifts in VCC, such as those associated 

with noise spikes or ripple, can affect the measurement and even the drift compensation if the noise lasts for a long period of 

time. The most common method of reducing power supply noise is the use of filters. A PI filter is typically the filter of 

choice. An LDO can also be used to reduce power supply noise. 

 

4. Mechanical Parts: The mechanicals are the mechanical characteristics of the design. The mechanicals include the overlay 

material, ink on top of the overlay, any adhesives used to bond the electrode to the overlay or enclosure, and any transition 

materials used to remove air gaps between the electrode and the overlay. Mechanicals also include the types of materials used 

for the electrodes. The mechanicals affect both the signal and the parasitic capacitance. 

 

 OTHER SITUATIONS 

Not all applications fit into the typical category, and this section describes two special cases. The first is intentional air gaps that are 

greater than 2 mm between the electrode and the overlay material, and the second is the use of gloves. 

 

Air gaps: In some applications, components are on the same layer as the electrode. This prevents the overlay from being directly 

applied to the electrode. A common example of this is when an LCD is mounted near the electrode (see Figure below). Another 

scenario is when the overlay material is not a uniform surface and, therefore, the electrode cannot make direct contact with the 

overlay. In either case, the gap must be filled or bridged with nonconductive filler (typically adhesive) or a conductive extension. 

When the gap is in excess of 2 mm, then a conductive extension, either foam or metal, should be used. The metal or foam must be 

malleable to conform to the shape of the surfaces and prevent the formation of gaps. As shown in Figure below, the area created by the 

foam or metal in contact with the overlay is now the area that influences the capacitance. 

 
 

 

 

1. Gloves: Gloves are simply another layer of medium between the electrode and the finger, and the same principles of 

thickness and dielectric apply. The challenges with glove applications include the ability to support both gloved and ungloved 

hands as well as the variation in the types of gloves the application might require. Typical leather or plastic gloves have a 

dielectric constant in the range of 2 to 4, and fabric gloves and gloves with insulation can have a dielectric constant less than 

2. 
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LAYOUT 

 

After the mechanicals are understood, the electrodes can be sized and designed to provide the most signal. Independent of the 

mechanicals, the layout design is affected by the distance between the microcontroller and the electrodes, the PCB stackup (for 

example, one layer, two layer, or four layer), and other electrical circuits on the PCB. 

The first item to consider relates to the schematic and the placement of any external components that are associated with the capacitive 

touch solution. This is typically found with the comparator solutions, and the resistor is part of the feedback path that creates the 

oscillator. Other examples are of ESD protection components. In all cases, the components should be kept as close as possible to the 

microcontroller. As the components move farther away from the microcontroller, the increased area correlates to an increased risk of 

noise or ESD conducting into the device. 

ELECTRODE DESIGNING 

The electrode design must accomplish two goals. First, the design must provide sufficient signal (change in capacitance with 

interaction). The design must project the e-field up and out so that the appropriate level of sensitivity is achieved at the desired 

distance. Understanding the stackup, thickness and dielectric, the electrode can be sized and shaped to provide the maximum signal. 

Second, the electrode design needs to have a minimal parasitic capacitance. 

In the following sections the shape and area of the electrode are discussed with the intent of maximizing the signal for different 

implementations (buttons, sliders, and wheels). The basis for controlling the parasitic capacitance is common to different sensor 

implementations and is discussed here.  

Figure below shows an example PCB cross-section and the important parameters that influence the parasitic capacitance. Similar to 

figure in the above section, the height, width, and separation have a direct effect on the parasitic capacitance of the electrode, Celectrode. 

The fundamental parameter area is not shown in Figure below, because this has a direct effect on both the touch capacitance (Ctouch) 

and the parasitic capacitance (Celectrode). This section describes how changes to the height and separation can minimize the parasitic 

capacitance. The following sections describe how changes to the area can maximize Ctouch. 

 

1. Proximity: Proximity electrodes have a circular or square shape, the same as buttons. Proximity sensors require a higher degree 

of sensitivity than buttons, and this higher sensitivity is accomplished by increasing the area and the separation from other 

conductors. 

 

2. Wheels and sliders: The concept of a wheel is identical to a slider with the exception that the slider needs to be terminated at the 

ends.  

 

 

3. Shape of the Electrode: The capacitance of the electrode is a function of area, but the shape is important to consider, because the 

shape can influence the area.  

 

4. Buttons: For buttons, the electrode shape is typically round or rectangular. One common mistake is to make the electrode the 

same shape as the icons printed (in nonconductive ink) on the overlay. As shown in Figure 11, this can lead to electrodes with odd 

shapes that create discontinuities and reduce surface area. 

 

 

5. Area of the electrode: An important detail of designing the electrode shape is not to design shapes that have low surface area. 

The area of each electrode must provide the maximum Ctouch, which in turn produces the most signal (the change in capacitance) 

when a touch event occurs. 

 

a) Proximity sensors: Proximity sensors typically have a larger area in order to detect large surfaces (palm of the hand) at 

larger distances. In most applications the electrode size is limited by the end product dimensions. These applications 

depend heavily upon the measurement algorithm and longer measurement times to provide sufficient sensitivity. The 

longer measurement times translates into higher power consumption. 

 

b) Sliders and wheels: Sliders and wheels are different from buttons in that the interaction involves multiple electrodes. As 

shown in Figure 13 the area of the electrode is not as critical as the percentage of coverage across multiple electrodes. 
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c) Electrode Material:  As discussed in the above sections, conductivity becomes an issue in more resistive materials like 

ITO. Although the transparency of ITO is very good, the resistivity is high when compared to materials like silver and 

copper. Typically the physical dimensions prohibit increasing the area of the ITO electrodes, and therefore any 

degradation in sensitivity must be compensated for in the firmware. This typically results in slightly longer measurement 

times and consequently increased power consumption. 

 

d) Spacing between the electrodes: As mentioned previously, one of the unique features of the capacitive touch software 

library, 1, is that the electrodes are scanned sequentially. This and following the recommendation to drive the signals to 

GND as the default state of the electrodes allows neighbouring electrodes to be treated as an extension of the ground 

pour. Therefore, the spacing between the electrodes follows the same rules for spacing from ground. The goal is provide 

enough spacing so that the e-field propagates up and through the overlay material. A minimum spacing of one-half the 

laminate thickness has been found to provide sufficient signal (sensitivity). 

 

VEHICLE ACTIVATING KIT BASED ON CAPACITIVE SENSING 

Bike manufacturers are constantly launching newer, faster machines for the customers, but few include safety as a prime feature. 

Keeping this in mind, some students of the Veermata Jijabai Technological Institute (VJTI), Matunga, have developed the óSmart 

Helmetô, which not only ensures safer driving, but also activates the bike only when the rider puts on the helmet. The helmet has been 

developed by six students of 3
rd
 year majoring in Electronics and Information Technology, in collaboration with a company called 

Creative Concept. One of the inventor, Saurabh Doiphode, said, ñThe smart helmet consists of a pressure sensor. When the user wears 

the helmet, this sensor gets activated, and is detected by the microcontroller placed on the helmet. This microcontroller sends a signal 

wirelessly through radio waves to the receiver present on the bike. It turns the ignition system on with the help of a relay circuit 

attached to the bike itself.ò The students have also changed the ignition circuit of the bike, which therefore, cannot be started with a 

push of the ignition button or a kick of the starter. The students have also added an LCD screen to the bike to guide the biker. 

New in this technology: The smart helmet was based on the pressure sensing technology. The helmet which we are going to make is 

based on Capacitive Sensing Technology. There will be a proximity sensor placed inside the helmet which takes the capacitance 

value of the ear of humans. This capacitance value is rather different from the parasitic capacitance. As the smartphones of the present 

era works, in the same fashion, this helmet is going to work. As the sensor placed in the helmet gets activated, it gives its output to the 

microcontroller placed inside the helmet and this microcontroller will gives its output to the relay present in the ignition system of the 

two wheeler vehicle. The ignition system is activated only when the condition will be fulfilled that the bike rider wears the helmet or 

not. The newer concept in this technology is the call attending facility. In the helmet there is a Bluetooth module which is directly 

interfaced with the mobile phone and the microcontroller. The circuit consists of a 16x2 LCD display which shows the initial message 

as ñWear your helmet to drive your vehicleò. As any person tries to call the bike rider, the LCD will display a message which shows 

the caller identity and his/her mobile number. With just a single tap on the helmet, the rider will be able to attend the call with the use 

of the Bluetooth module inbuilt in the helmet. This technology ensures the safety of the bike rider and the feasibility of the ride. The 

circuit will include some cost in the implementation but it ensures the reduction in the road accidents, which is a major problem in the 

present time. 
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AbstractðA novel technique has been implemented to develop a simulation system comprising of programmability and portability 

for pyroelectric materials. The technology used an advance form of applications of electronic engineering and uses the technological 

concept of microcontroller based controllability of the simulation process. This process requires usage of advanced technologies in 

assuring proper functionality of the simulation system framework. Applications of pyroelectric materials in numerous fields can be 

further improved and new potent utilizations will be nurtured with the help of this accurate and user-friendly simulation system 

precisely simulating various real world conditions. The technology discussed here is one such technology which assures reliability of 

the simulation output. The easy programmability certainly adds an extremely useful feature to the simulation process that was never 

used before. The concept of portability is also considered and included in the feature. The technology has been devised and 

implemented with objectives to ensure features like battery rechargeable, programmable, low power usage, portable and over driven 

load protection. 

Keywordsð Pyroelectric materials, Simulation System; PSpice Simulation; Microcontroller; Equivalent circuit; Tri-state; Android 

Oscilloscope; Impedance matching, Hi-Z. 

INTRODUCTION 

The pyroelectric effect though first described by Theophrastus in 315 BC has been known for many centuries and can be 

explained as a change in temperature in a material causing a release of electric charge. With more sophisticated research techniques 

being developed, applications of pyroelectric materials speeded up from 1960. David Brewster first used the term ñpyroelectricityò in 

1824 [1]. A basic concept of the pyroelectric effect can be simply illustrated as shown in Figure 1.A pyroelectric material displays a 

release of charges at their surface when its temperature is changed and hence then these charges can be detected as current flowing in 

the external circuit.  

 

 

 

 

 

 

 

Figure 1: Simple illustration of pyroelectric effect. 

More elaborately, the pyroelectric effect is explained as change in electrical dipole moment appearing as macroscopic pyroelectric 

effect caused by change in mean equilibrium position in lattice by any excitation resulted from change in lattice temperature. 

Heckmann diagram as shown in Figure 2 illustrates the reversible relations among various properties of a crystal [2, 3]. Pyroelectric 

effect relates to the electrical and thermal reversible relations in the Heckmann diagram. The pyroelectric effect is a collective 

contribution of two effects. The primary effect is the constant strain denoted as S, prevents expansion or contraction of the crystal and 

thus a change in temperature causes a change in electrical dipole moment of the crystal. The secondary effect is due to the crystal 

deformation. Thus, pyroelectricity is a coupled effect that is related between changes in temperature to electrical displacement D. 

Quantitatively the pyroelectric effect is given by the equation ȹPs = pȹT in terms of vector called the pyroelectric coefficient p, given 

by the rate of change of electrical dipole moment (or spontaneous polarization) Ps with temperature gradient (ȹT). 
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Figure 2: Heckmann energy diagram.  Figure 3: Application of pyroelectricity in detection. 

Pyroelectric materials have wide range of applications as detectors and sensors. The major advantage of pyroelectric detectors 

over semiconductor detectors is that it works on wide range of wavelengths provided some means for absorbing the radiation, have 

higher sensitivity over wide range of temperature, requires low power, fast in response and requires low cost to manufacture[4]. 

Pyroelectric elements can be used to attenuate noise caused by ambient temperature changes and from vibrations. These advantages 

have led their vast use in firefighting, law enforcement, border patrol, land mine detection, building surveillance, process control, 

vision testing, facial recognition and traffic control. An example of pyroectricity in sensor technology is shown in Figure 3 [5].With 

growing energy demands all over the world, harvesting energy from alternate energy sources is currently considered a topic of huge 

interest. In this regard pyroelectric materials can play an important role as an alternate energy source and hence can be put in use for 

numerous applications in various fields as energy harvesters. Pyroelectric harvesters work by converting a time-dependent temperature 

variation into electric current. A pyroelectric cells based energy harvesting technique is shown in Figure 4 [6].Pyroelectric materials 

can be used as the power source of many lifesaving and pain relief medical applications from implanted cardiovascular devices and 

pacemakers to muscle stimulation for pain management using implanted pulse generators by using of the temperature variations 

within human body to generate required power for such implanted medical devices. An application of pyroelectric material as energy 

harvester in various implanted medical devices as shown in Figure 5 [7]. 

 

        

 

 

 

 

 

 

 

 

 

 

                                                                                                       Figure 5: Pyroelectric energy harvester for implanted medical devices. 

Dire and even catastrophic consequences may arise from using pyroelectric devices without prior tests and trials which can be 

avoided today by this simulation system to determine the various characteristics and behavior of pyro electric materials while using as 

the life-long power source for these implants. Taking into account the tremendous applicability of pyroelectric materials in numerous 

fields it is imperative to validate proper and precise testing methods to determine the behavior of pyroelectric materials under any 

 
Figure 4: Energy Harvesting from Pyroelectric cell. 
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particular application to make it work best to serve the intended purpose. These goals can be reached if precise and real world 

simulation is possible for pyroelectric materials considering a particular condition and application. In this regard a fully programmable 

pocket sized portable simulation system for pyroelectric material is designed and implemented with wide range of variations in the 

loading to depict precisely various applications and conditions. 

DESCRIPTION OF THE SIMULATION SYSTEM 

The objectives considered while implementing the idea of a simulation system for pyroelectric material are profound for the fact 

that they are all contributors in making a fully programmable simulation system and constitute all the parameters require to simulate 

the energy output of a pyroelectric material under any given condition and for any given application. The system simulates using some 

manually given parameters for the program simulating the signal output which, in fact, resembles that of the expected signature of the 

signal of a pyroelectric material under a particular condition. Using the same signature, additional output amplification is controlled by 

the microprocessor in order to give the same output power by the simulation of the same pyroelectric material. This provides data of 

great value while considering pyroelectric material as an energy harvester. Taking into account all these necessitates, a pocket sized 

((1.75òX2.5òX1ò) portable fully programmable simulation system is devised that can be powered by a set of rechargeable batteries. 

The simulator system has been implemented incorporating some essential features that ensure wide range of applications to be 

simulated, user-friendliness of operation, simulating behavior of pyroelectric materials under various load conditions, low power 

consumption by the system, fully programmable and pocket sized portable. Also, it is possible from the simulation system to calculate 

the stored energy in the pyroelectric material and the deliverable energy to the load, thus, helping system designers to precisely 

approximate the energy requirement and energy deliverable from pyroelectric materials.  

Design and Simulation of the Circuitry: 

The design and implementation of the simulation system burgeoned from simulating the equivalent circuit of the pyroelectric 

material. Mathematical derivations and computations carried out beforehand to ensure theoretically that the functionality of the final 

system will yield. Taking these further, the draft hardware were designed considering necessary electrical components of required 

values in designing the circuitry in order to yield the required outcomes from the circuit. This designed circuit was then simulated 

using PSpice simulation software under various conditions by varying the parameters and electrical componentsô values, monitoring 

and recording every time the corresponding results of the simulation and are compared to ensure the functionality of the circuit is 

zeroing in to the final and desired outcome confirming the functionality of the circuit as required for the simulation system. The 

PSpice simulation result is provided in Figure 6 below. The simulation was conducted with the objective to best resemble the voltage 

and current outputs of the designed circuit to the actual voltage and current behavior of pyroelectric material under a particular 

condition. Precise changes are made in the hardware until the required voltage and current waveforms are obtained at the output of the 

circuit resembles precisely the voltage and current waveforms of a pyroelectric material. The variation of the output waveforms 

according to the loading of the circuit is also ensured through simulations so that the expected range of operation is achieved. Various 

parameters of the input signal to the circuit (which is from the microcontroller) are also varied in the PSpice simulation to monitor 

changes in the outcomes of the circuit. This provided extremely useful information and the basic understanding of the programming 

codes for the microcontroller that will be used to drive the equivalent circuit. 

 

Figure 6: PSpice simulation result of the designed pyroelectric equivalent circuit at minimum (no) load. 

Microcontroller and Software Framework:  
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ATmega328 based microcontroller board is used to perform the controlling of the circuit and thus making the entire system fully 

programmable with a user friendly interface [8]. The programming codes are written to depict any particular condition the pyroelectric 

material will be subjected to. Various forms of ATmega328 boards are shown in Figure 7. The user friendly interface is obtained by 

programming the microcontroller in a way that only few parameter changes are required in order to achieve the desired simulation 

output. The coding of the program for the microcontroller is performed with an objective that various components of the circuitry can 

be switched on and off depending on the loading conditions the user desires. The logics of the codes are such that the microcontroller 

drives the circuitry according to the desired condition and hence attains the intended waveforms at the output of the circuit. The 

frequency variation of the simulated output signal depicts the outcome of a pyroelectric material when subjected to such frequency of 

temperature changes. 

 
Figure 7: ATmega328 based microcontroller boards. 

The switching on and off of circuit components as per the commands directed from the microcontroller in order to simulate a 

particular condition required the components that are intended to be switched ñonò at a different state where as the components that 

are intended to be switched ñoffò at a different state such that they do not affect the operation of the circuit. Hence, the Tri-state logic 

on input/output (IO) pins of the microcontroller is put into effect. The two modes of IO pins are attained by setting the IO pins to 

ñLowò when the pins are in effect and setting at Hi-Z mode  when the pins are required to be at High Impedance mode and hence not 

in operation. The tri-state acts as a buffer that allows controlling when current will pass and when not through the IO pins which is 

essential for the operation of shared electronic bus. The truth table along with gate design for tri-state operation of the microcontroller 

is given in Figure 8 [9, 10]. 

 

Figure 8: Gate design and truth table for Hi-Z operation of the IO pins of the microcontroller. 

Programmable Pyroelectric Equivalent Circuit: 

The pyroelectric equivalent circuit as shown below in Figure 9 consists of a current source, capacitor and resistor. The circuit is a 

current source in parallel with internal capacitance CP and internal resistance RP and the voltage VP is the voltage at the output of the 

pyroelectric equivalent circuit. The current IP from the pyroelectric element is proportional to the rate of change of temperature and is 

given by the formula shown below [11]: 

iP = 
▀╠

▀◄
=pA

▀╣

▀◄
 

Here óPô is the pyroelectric coefficient; óAô is the surface area and óTô is the rate of temperature difference with respect to time. 

The net charge ñQò developed due to the temperature change ȹT can be found by integrating the equation of óiPò with respect to 

time ñtò: 

Q =᷿▬═▀╣Ⱦ▀◄) dt = pAȹTC = 
═ɴ Ɑ

▐
V = 

▬
Ɑɴ  hȹT 
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Figure 9: Pyroelectric equivalent circuit. 

The pyroelectric material is typically of dielectric in nature and the equivalent capacitance (C) given by formula shown above and 

the open circuit voltage and the electric field developed can be derived from the Q = CV equation, where ὑ33 is the permittivity in the 

polarization direction at a constant stress. This circuit is most commonly called RC circuit. The charges produced by temperature 

changes charges the capacitor which discharges through the resistor connected. These charging and discharging of the capacitor is 

related exponentially to the time constant (Ű) which is given by the product of the value of capacitor and the resistor by the below 

mentioned equations [12].The time constant (Ű) is inversely related to the cutoff frequency fc which is an alternative parameter for the 

RC circuit. Relation between the time constant and cutoff frequency are also shown below: 

Charging: V (t) = Vʦ (1- ▄◄ȾⱲ) Discharging: V (t) = Vʦ (▄
◄ȾⱲ) Time Constant: Ű = RC = 

Ⱬ█╬
 

The charging and discharging of the capacitor are varied by the programmable circuit driven by the microcontroller as shown in 

the equivalent pyroelectric circuit with loadings in Figure 10. RE and CE are external or load resistor and capacitor respectively. The 

command from the microcontroller drives the circuit according to the loading condition user wants to conduct simulation by 

connecting components of the circuit or by putting into a buffered condition by attaining Hi-Z state of the IO pin. This confirms that 

the component does not to even slightest extent affect operation of the circuit. This grounding and Hi-Z state of capacitors and 

resistors varies the time constant of the RC circuit and hence the waveforms at the output of the circuit. The waveforms at the output 

of the circuit are generated by repeated charging and discharging of the capacitors through resistors by the input signal from the 

microcontroller at a definite frequency and therefore resemble different loading conditions the pyroelectric material is simulated for. 

IO pins assigned for each capacitor and resistor are changed by the microcontroller between Hi-Z state and ground state as required to 

obtain simulation of a particular real world condition. 

Energy Stored and Energy Deliverable from the Pyroelectric Equivalent Circuit: 

The energy produced from the pyroelectric material is certainly comparable to the energy stored in a capacitor and it is very 

similar to the energy from a battery used for charging a capacitor. As stated earlier the voltage across the capacitor is proportional to 

the charge stored in the capacitor and hence the stored energy. The energy stored in a pyroelectric material at the end of the 

temperature change is equal to energy stored in the equivalent capacitor and can be deduced from the open circuit voltage by using the 

formula for the energy stored in capacitors [13, 14]. These relations can be expressed by equations given below: 

Ecapacitor = В ╠▓
▪ kВ ╥▓

▪ k = В ╒▓
▪ kВ ╥▓

▓
▪ Epyro = 

▬
ⱭɴAh (ȹT)

2
 

Where, Q (charge in Coulombs), V (in volts) and C (capacitance in Farads) are charge, voltage and capacitance and Epyro is the 

stored energy in pyroelectric material with ȹT temperature difference across the pyroelectric material. Therefore in order to infer the 

energy stored in the pyroelectric material from simulation, the energy stored in the capacitor needs to be calculated. Since varying the 

capacitor and resistor varies the total energy stored and energy deliverable it is essential to find the variations between the time 

constant (Ű) which also depends on RC as stated earlier and the Epyro. The Table 1 shows the total energy available and the stored 

energy for external load with respect to time constant. 
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Figure 10: Pyroelectric equivalent circuit along with adjustable loading circuit.   

Table 1: Simulated total output energy from the Pyroelectric material at certain 

program setup from few hundred selection choices. 

RC Time Constant, Ű 

(milliseconds) 

Simulated total energy available from 

Pyroelectric material (micro-Joules) 

Stored energy available for 

external load (micro- Joules) 

103 3.35 3.2 

22 7.2 7.1 

16 0.163 0.161 

Simulation System Setup: 

The simulation system setup can come in different forms of packages that are shown in the Figure 11 and Figure 12. The pocket 

sized simulation system comes with the simulation system module and a pocket sized oscilloscope. The system needs to be 

preprogrammed in this setup and the user will just connect the probes of the oscilloscope to the module in order to get the waveforms. 

The desktop system consists of the simulation system module and a desktop oscilloscope and is considered to be not portable. Another 

setup which is portable consists of an android display made compatible by android coding along with the simulation system module.  

 

       Figure 11: Desktop simulation system setup.         Figure 12: Pocket sized simulation system setup. 

System Process and Flow Chart: 

The flow chart of the system in given and shows the various steps the simulation system goes through depending on different 

logics and condition. The program logic is based on the inputs from Hi-Z state and ground switching that decides which IO pins and in 

turn which capacitor and resistor will undergo state change and eventually allows conduction through them. This allows energy to be 

stored in the capacitor. This multifunctional operation makes the system very simple and highly user friendly to operate and is 

illustrated in Figure 13. 
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Figure 13: Flow chart of the pyroelectric simulation system. 

The output load connection and the internal impedance matching are completed which leads to the output of the circuit to be 

displayed on the oscilloscope. The provision for recharging the batteries through the same universal serial bus (USB) as uploading 

program codes adds to the flexibility of the entire system. There is another provision in the system that it allows the system to switch 

ñONò only when the oscilloscope probe is connected to it. The sensing used to switch the system ñONò when the oscilloscope probe is 

connected and is the process to recharge the battery is unique in the sense that this switching process is implemented with an objective 

to save unnecessary power usage from the system. The design of the software framework also allowing the user to monitor all 

necessary data from the simulation on the computer screen exactly showing the simulation result values required to get to a detailed 

understanding of the behavior of the pyroelectric material under simulation.  

RESULTS AND DISCUSSION 

The simulation system functioned properly meeting the intended and desired objectives for a fully programmable pyroelectric 

portable simulation system. The system performance has been verified to various changes in the deciding parameters and every time 

the system has performed satisfactorily. Different load changes are precisely simulated by the simulating system and matching the 

waveforms resulted from the PSpice simulation of that particular condition. The waveforms resemble precisely the waveforms from 

pyroelectric material and have proved extremely handy in simulation of various applications of pyroelectric material. The program for 

controlling the circuit has achieved the expectations of a user friendly platform that is very essential for easy operation of the 

simulation system. The deciding parameters of the system can be easily changed using the program and thus save valuable time to 

make necessary changes adapting to various condition intended to be simulated. This system can play a defining role in designing 

futuristic applications of pyroelectric materials as they can provide deciding values necessary to engender a flawless and working 

application. Engineers and researchers will be the most benefited and will be greatly encouraged to explore wider area of pyroelectric 

material applications. The simulation system provides the energy generated from the pyroelectric material that will help decide the 
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applications defined by energy requirements. The output signal waveforms obtained at different loading of the pyroelectric material 

are shown in the Figure 14 and Figure 15. The variations expected in the waveforms when simulating a particular condition also 

resembles that of a pyroelectric material under that particular condition. 

       

Figure 14: Output signal waveform at lower loading.               Figure 15: Output signal waveform at higher loading. 
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CONCLUSION 

The use and benefits of the pyroelectric simulation system cannot be limited to sophisticated applications by researchers and 

engineers working on the application of pyroelectric materials. This simulation system can also come to the learning of pyroelectric 

material behavior. This simulation system can be easily carried for display and teaching to school pupils regarding the pyroelectricity 

and their behavior under different condition that will encourage future generations to take up challenging experiments in the 

application of pyroelectric material. For more realistic and successful application of the alternate energy source that world is craving 

for, the simulation system can help bring about breakthroughs in the research of pyroelectric material and their applications. This 

simulation system is thus equally useful in industries as well as research institutions and should be an inseparable part of researches 

involving pyroelectric materials and their applications. 
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Abstract -- The main aim to propose a processor for the data acquisition by sensors, which can be monitored and transmitted. A 

flexible and reconfigurable SoC is developed. A NIOS II based system on chip is used for the SOPC creation. The Altera Quartus tool 

with the SOPC builder used for building the hardware part of the processor and the NIOS II IDE used for the building of software part 

of the processor. A pressure signal can be acquired by the pressure transducers (PTX 1830/1840) from the source side and converted 

into pressure signal and then transmitted to the destination. Transmission can be done by using ZigBee protocol. Then those signals 

can be compared with the data sheets and warning can be given. 

 
Keywords ï NIOS, SoPC, Altera FPGA, Pressure Transducer, ZigBee. 
 
I. INTRODUCTION   

To design a reconfigurable processor with the high speed data acquisition from the sensor, the processor is designed by the 

NIOS II software with the help of system on chip (SoC) concept to build the software part of the system with the requirements of 

external hardware components for the processor. Then the reconfigurable processor the developed with the basic ALU unit, memory 

unit, and control unit. The ALU unit performs basic arithmetic and logical operations. The memory unit will stores the output data in 

the external data card (SDRAM).then the control unit controls all other unit in the processor. So the software part of the system is 

design with the NIOS II processor and the hardware part is done with the Altera Cyclone IV, DE-0 Nano board for the data acquisition 

from the sensor, a flexible and reconfigurable SoC is developed for the efficient data acquisition. The data acquisition by the sensor 

which converts any measurement parameters to an electrical signal which can be monitored displayed and transmitted to an control 

room. The external SDRAM card is used for the memory purpose and the transmission is done through the wired/wireless medium to 

the control room. 
 This project describes the Nios II processor from a high-level conceptual description to the low-level details of 

implementation. The primary reference for the Nios II family of embedded processors and is part of a larger collection of documents 

covering the Nios II processor and its usage that you can find on the page of the Altera website 

 

1.1 Nios II Processor System: 

 The Nios II processor is a general-purpose RISC processor with the following features: 

ƴ Full 32-bit instruction set, data path, and address space 

ƴ 32 general-purpose registers. 

ƴ Optional shadow register sets. 

ƴ 32 interrupt sources. 

ƴ External interrupt controller interface for more interrupt sources. 

ƴ Single-instruction 32 × 32 multiply and divide producing a 32-bit result. 

ƴ Dedicated instructions for computing 64-bit and 128-bit products of multiplication. 

ƴ Floating-point instructions for single-precision floating-point operations. 

ƴ Single-instruction barrel shifter. 

ƴ Access to a variety of on-chip peripherals, and interfaces to off-chip memories and peripherals. 

ƴ Hardware-assisted debug module enabling processor start, stop, step, and trace under control of the Nios II software development 

tools. 

ƴ Optional memory management unit to support operating systems that require MMUs. 

ƴ Optional memory protection unit (MPU). 

ƴ Software development environment based on the GNU C/C++ tool chain and the Nios II Software Build Tools (SBT) for Eclipse. 
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ƴ Integration with Altera's SignalTap II Embedded Logic Analyzer, enabling real-time analysis of instructions and data along with 

other signals in the FPGA design. 

ƴ Instruction Set Architecture (ISA) compatible across all Nios II processor systems. 

ƴ Performance up to 250 DMIPS. 

 A Nios II processor system is equivalent to a microcontroller or ñcomputer on a chipò that includes a processor and a 

combination of peripherals and memory on a single chip. A Nios II processor system consists of a Nios II processor core, a set of on-

chip peripherals, on-chip memory, and interfaces to off-chip memory, all implemented on a single Altera device. Like a 

microcontroller family, all Nios II processor systems use a consistent instruction set and programming model. 

 

Fig 1.1. Example of a Nios II Processor System 

  Using the Nios II hardware reference designs included in an Altera development kit,you can prototype an application 

running on a board before building a custom hardware platform. Figure 1ï1 shows an example of a Nios II processor reference design 

available in an Altera development kit.If the prototype system adequately meets design requirements using an Altera-provided 

reference design, you can copy the reference design and use it without modification in the final hardware platform. Otherwise, you can 

customize the Nios II processor system until it meets cost or performance requirement. 

 

1.2. Design of Reconfigurable system: 

 

Fig 1.2 Block Diagram of the Reconfigurable System 

Avalon Bus: 

It is a communication protocol.  

It establishes the communication between NIOS processor and overall system component. 

It uses two Avalon bus interface named as (i) MM (ii) ST 

Jtag Uart: 

It is used for debugging purpose while run time. 

It is also used for serial data transmission between hardware and PC. 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƗȮɯ,Èà-)ÜÕÌȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

204                                                                                                   www.ijergs.org   

It is used to insert hardware break points in the run time and used for efficient 

debugging. 

Baud rate for this Jtag Uart is 9600bps and default is 115200bps. 

Software Unit: 

               It denotes the coding part. 

               This unit is user interface to the hardware. 

               It is written in Embedded C and it also can be done by assembly language. 

               System.h header file defines the H/W Abstraction Layer (HAL) of overall system. 

               A main.c is added to accumulate all the top level system access. 

Hardware Accelerator: 

                A H/W accelerator is developed to access high speed 12bit ADC data from ADC 128S022 lower           power 8 channel 

CMOS 12 bit A/D convertor. 

               It uses SPI controller to acquire data. 

               On SPI master/slave protocol is designed as Verilog module to access data. 

DMA:  

               It is used as a separate buffer unit to hold the ADC data temporarily. 

 External interface to ADC is given through GPI02. 

Config Device: 

SRAM object file is loaded in config device after overall H/W development is finished. 

SRAM Controller: 

Used for internal data/register storage for the processor. 

FPGA SDRAM: 

NIOS II will boot by this SDRAM only. 

32MB SDRAM starts the NIOS core. 

A special/dedicated SDRAM controller IP is developed for the memory access in processor. 

 

II. PROPOSED & EXISTING SYSTEM  
 
2.1. Existing system: 

 

Fig 2.1.Model of the existing system 
The data from the pressure transducer can be acquired in the array of transducers and combined into a single data and given into 

a junction box. Then the data can be sent to the data logger unit for splitting the data and stored in a memory unit. Then the data 

is taken in a memory card and sent to the control room through a wired medium. 
 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƗȮɯ,Èà-)ÜÕÌȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

205                                                                                                   www.ijergs.org   

2.2. Proposed System: 

 
 

Fig 2.2.Model of the proposed system 
 
 Here the data acquisition can be done in similar way as existing one. The usage of the data logger unit is replaced by the 

altera FPGA board. The acquired data has been displayed in the system as continuously. Then those signals are transmitted to the 

control room through wireless protocol ZigBee. 
 

III. INSTRUMENTATION USED FOR SYSTEM  
The major instruments was used in the present study 

¶ Pressure transducers  

¶ Altera DE-0 Nano Board  

¶ ZigBee protocol(TX & RX)  
 
 

3.1. Pressure transducers  

 Pressure transducer of 15 Noôs used for measurement of waver pressures on the vertical wall. The time history of dynamic 

pressures will be measured by using GE Druck make (PTX 1830/1840) diaphragm type pressure transducers. The capacities of the 

pressure transducers are 0 -5 bar. The instantaneous change in the displacement of the diaphragm due to the action of external pressure 

is proportional to the instantaneous change in the applied pressure. Figure shows installation drawing of PTX 1830/1840 pressures 

transducer & Figure actual view of PTX 1830/1840 pressures transducer used in the present study. Displacement transducers will be 

fixed on the wall, sense the displacement of the diaphragm accurately. The real time histories of the proposed measured pressures are 

arrived by using the calibration coefficients of the pressure transducers. Table 1 shows technical specification of the pressure 

transducers. 

 

 
 

Fig 3.1. Installation drawing of PTX 1830/1840 pressures transducer 
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Fig 3.2 Actual view of PTX 1830/1840 pressures transducer 
 

Table 1-Technical specification of Pressure Transducer 
  

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

3.2. Altera DE-0 Nano Board: 

 
Layout and Components: 

The picture of the DE0-Nano board depicts the layout of the board and indicates the locations of the connectors and key 

components. 

 

 

 

 

 

 

 

 

 Fig-3.3. The DE0-Nano Board PCB and component diagram (top & bottom view) 
 

Block Diagram of the DE0-Nano Board: 
 

S.No Description Value 
 

1. Range 0-5 bar 
 

2. Accuracy ± 0.1% F S 
 

3. Type 2 wire 
 

4. Output current 4 t0 20 mA 
 

5. Application Sea water 
 

6. Material Titanium / SS 316L 
 

7. Process  connection 1/2ò NPT 
 

8. Protection IP  68  /  submersible  in  Marine Environment 
 

9. Operation  Temperature 0-50º C 
 

10. Frequency 2000 Hz 
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The block diagram of the DE0-Nano board is to provide maximum flexibility for the user all connections are made through 

the Cyclone IV FPGA device. Thus, the user can configure the FPGA to implement any system design. 

 

Fig-3.4.Block diagram of DE0-Nano Board 
  

IV. RESULTS AND DISCUSSION   
 

4.1. Calibration of Pressure Transducers 
 The static calibration of pressure transducers was done using the conventional method by lowering and raising the 

pressure transducer to known depth of immersion and registering the changes in the corresponding currents and pressure using 

multimeter and data logger. The calibration charts for all the pressure transducers used in the present investigation. 

 

Table 2 shows the sample calculation of calibration constant for pressure transducer. 

 
  Measured   
  Current     

 Water In mA     

Sl. Depth in Lowe  Lifting  Average Differen 
No m ring    in mA ce in mA 

1 0 3.99  3.99 3.99  

2 1 4.31  4.31 4.31 0.32 

3 2 4.62  4.62 4.62 0.31 

4 3 4.93  4.93 4.93 0.31 

5 4 5.24  5.24 5.24 0.31 

6 5 5.56  5.56 5.56 0.32 

7 6 5.88  5.88 5.88 0.32 

     Average 0.32 
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V. CONCLUSION AND FUTURE WORK  
 
5.1. Conclusion: 

Thus the data acquisition for a marine application using a reconfigurable system on chip concepts was concluded that the 

acquired pressure data from the transducer by the Altera DE-0 Nano Board will be monitored by the system, and the data was 

transmitted to the control room by ZigBee wireless protocol with a distance of 40-50 meters. Based on the resulting values the 

corresponding warning signals like tsunami, cyclone etc., will be announced to the people by the scientist from the control room. 
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5.2. Future Work: 
The acquired data can be transmitted to the destination by the same wireless protocol with a distance of 1000's of meters and 

the warning signals will be given to the people by automatically using some software through online. 
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Abstractð Now days, a mobile application has bought a lot of changes in shopping. Specially, the new technology called augmented reality 

system made in feasible an advanced way of information collecting by giving data of the virtual world to real world. Smart shopping using 

augmented reality developed in android for shopaholics who have crazy about shopping. The shoppers use this application (app) while shopping to 

reduce their bucks and time. Shopping is an interesting process in which a customer selects the available materials or services provided by one or 

more retail merchant with the intention to buy a suitable selection of them. The advantages of this application, shoppers no need to walk in to the 

stores. Rather than that use their device to get detailed information of shops or malls they are interested in simply by panning the devices video 

camera over the shop. This application is inexpensive, as a user need not actually purchase the object to see how it fits in the environment, instead 

customer can see before the purchase itself. The geolocation technology is used in this application to refer the finding location of a building. 

Geolocation is completely related to the use of positioning of mall or shops. 

 

Keywords- Augmented Reality, Geolocation, Smart Shopping, Unity3D, Android OS 

 

INTRODUCTION  
 

Augmented reality (AR) is a field of computer research which deals with combination of reality with computer generated data. It is 

related to a real world and virtual world which is created or modified by a computer or related device. The information about the 

surrounding real world of the user becomes interactive and digitally manipulate with the help of advanced AR technology [1]. 

Smart Shopping augmented reality on android OS developed in android for who have interest about shopping. The shoppers use this 

application (app) while shopping to reduce their bucks and time. Todayôs online has come to expect a retail experience that is filled 

with personalized recommendations and information, helpful product comparisons, links to reviews, access to flash sales and special 

offers. 

A new augmented reality mobile shopping app that enables retailers to personalize each individual customer's shopping experience 

right from the palm of their hands, via their smart phone or tablet.  

Now, Shoppers no need to walk into the store rather than that device to get detailed information of shops or malls they are interested 

in simply by panning the devices video camera over the shop or mall. 

The augmented reality technology identifies the shop and displays the important information to the shoppers that is superimposed on 

the product image, such as shirts, pants or dress materials. Smart shopping using Augmented Reality mobile application that will make 

it possible for to categorized products and receive personalized product information, cost and offers. 

Before entering to the store, consumers download the app on their smart phone or tablet. After that open the application, point their 

device camera at shop or mall, the app will instantly recognize the shop image via augmented reality technology, and overlay digital 

details over the shop images ï such as category of dress, shop details and about offers.  

Geo-based Augmented Reality is the combination of Augmented Reality, Location Based System and GPS giving birth to such an 

advanced and innovative technology. Geolocation is closely related to GPS but a slight distinguishable concept may break them apart. 

Global Positioning System also known as GPS gives the geographic coordinates whereas geolocation gives the meaningful locations 

rather than just set of coordinates, for example- street address or shop address [2]. 

LITERATURE REVIEW  

On the basis of Augmented Reality concept, it took a massive amount of time and effort spent on developing system. It is necessary to 

utilize high performance computers and camera in order to perform complex image processing and to get information it needs to be 

connected to system. 
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In many countries AR related research has been done in many ways for some purpose. 

The Tinmith System which was developed by Piekarski and Thomas is demonstrating new techniques for mobile Augmented Reality 

modeling. 

 
Figure I: The Tinmith System 

In late 1999 a research has been done on basis of user interface technology which was built user interface technology which was built 

using a glove based menu and 3D interaction techniques. The system was especially designed with purpose to support applications 

which allow access to construct simple models of outdoor structure [3]. 

An Informational Tool in Tourism 

 
Figure II: Tourism Application [4] 

Based on the research was tourism application using AR in 2013 in Ireland. It was the most successful application.  

The tourism application was built in order to be used as an informational tool in tourism. This application reveals that user can know 

about the content relevant to a place it means pointing a phone at specified location, the phone, using GPS can know what it is 

currently seeing and generates the contents automatically [4]. 

Regards have developed A Survey of Augmented Reality  

This survey was identified the rapidly changing technologies and the revolution of AR. Recent days, 3D virtual objects are merged 

into a 3D real environment in real time. It has been used and explored various areas like the medical, manufacturing, visualization, and 

path planning, entertainment and military applications [5]. 

Shopping is made more personal by using Augmented Reality with new mobile application from IBM research which helps in case of 

supermarket shopping. The research was developed by IBM researcher which is an existing system.  

This mobile application provides a personalized shopping experience with the feature of product comparisons and to identify a product 

(or) row of some items and image processing has been used, where it captures the images through the built in video camera on a users 

Smartphone. When the product is identified it displays the information above the product images and it will rank them based on a 
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number of criteria, such as price and numerical value. It also provides the shoppers with any rewards of loyalty (or) incentives which 

may apply and suggest some of the complementary items on basis of what the customers has viewed already [6]. 

By analyzing the literature review, there is no augmented reality based mobile application for the shoppers to get details of shop or 

malls. Also because of the peoples busy life style, they always requiring for an efficient ways to do their day today work. So that 

developed mobile application which can track give details over the shop images - such as category of dresses, shop details, and about 

offers. 

ABOUT ANDROID OS 

Among the rapidly growing technologies Android is also stated as one of the most. Due to the advent of 2010 there is increase in 

stress and has given on the usage of Free and Open Source Software (FOSS). Android is leading the current O.S market as shown in 

figure III, because it is open source and developed by a consortium of more than 86 leading M.N.Côs called Open Handset Allowance 

(O.H.A). More and more applications have been developed and modified by third party user[7]. 

 

 
                                            Figure III: Smartphone OS market shares 

 

Furthermore, the Android O.S is user friendly. It has a feature of high performance and processing power. 

 

PROPOSED SYSTEM ARCHITECTURE 
 

At the earlier stage, the simplest augmented reality system was formed from camera, which is a computational device and some form 

of display. At present, such type of system incorporates all of those elements into a single device, as like tablet, personal computers or 

mobile phones.  

The captured image will track with some specialized software. The tracker calculates proper location and orientation of virtual 

overlay. Afterwards, combines the original image and virtual image using the rendering module. Rendering module calculates the 

'pose' and renders the final image of Virtual image or components to the display. 

The important component of this system is tracking module. It calculates the pose of the camera in real time. In this context the term 

ñposeò designates the six degrees of freedom, namely the position and rotation of an object in 3D. By using this piece of information, 

the tracking module prepares a virtual element to be displayed in the real scene. 

 

 

 

The block diagram represents the architecture of a proposed system in Figure 5.2. 
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                              Figure IV: Architecture Block Diagram 

The proposed system architecture has contains 4 following modules. 

1. Camera 

2. Image Capturing Module 

3. Tracking module 

4. Rendering module 

 

1. Camera  

A real world live video serves as an input from the android all phone cameras to the Android all phone camera to the camera module. 

In Augmented Reality displaying the live feed from the android cell phone camera is the reality. For image capturing module this live 

video stream is given as an input. 

2. Image Capturing Module 

The live video feed from the camera of a mobile device is the input to image capturing module. Each frame in the video is analyzed by 

analyzing camera feed in the module. Binary images are generated by this module i.e. a digital image which has only two possible 

values for each pixel. Black and white is the two columns used for a binary image. For Image processing module these binary images 

are provided as an input. 

3. Tracking module 

The tracking module is the most important process of this project, as it calculates the relative pose of the camera in real time. In this 

context the term ñposeò designates the six degrees of freedom, namely the position and rotation of an object in 3D. By using this piece 

of information, the tracking module prepares a virtual element to be displayed in the real scene. 

4. Rendering module 
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It consists of 2 inputs. The calculating pose from the tracking module is the first and second is the virtual object to be augmented. The 

original image and the virtual components are combined using calculated pose in the rendering module and augmented image is 

rendered on the display screen of the mobile device. 

RESULT AND DISCUSSION 

In this section contains the result of smart shopping using Augmented Reality on Android OS project and what were the new 

approches found to address further researches. The project smart shopping using Augmented Reality is developed android mobile 

application for capture the shop or mall from user own mobile phone. That application was developed by Unity3D software. After user 

capture the shop or mall that image process through web service and display detail of the shop or mall lively via mobile application. 

The mobile application selects and recognise the specific area, in which is going to put the digital content. 

                                                             

Figure V: Capture Building interface                                                            Figure VI: Display details of lifestyle & apparels 

 

Figure VII: Display details of Menôs clothing  

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƗȮɯ,Èà-)ÜÕÌȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

216                                                                                                   www.ijergs.org   

                                                               

Figure VIII: Display details of cost of products                                     Figure IX: Display details of mall or shop  

In this project recognise the specific area like mall or any shops. These recognised area stores in servers. Then server sends the virtual 

object on top of the malls or shops. When the image and its characteristics are stored in the database, then the mobile application sends 

the extracted features of the image (captured by video camera) to server using the API. 

The server processes the features received, and then searches it on the database. Then, when processing is complete, sends the results 

to mobile devices with digital content. 

The mobile application is an Augmented Reality app developed with c# programming language using Unity3D software. The server-

side implementation is done with API, which was developed using REST. REST is an architecture of web development, which is 

supported in the HTTP standard, allowing to create services & applications that can be used by any device that understands 

HTTP[8][9].   

      

 ACKNOWLEDGEMENT  

 

Dedicating the paper work to our esteemed guide, Senior Assistant Professor, Mr. Manjunath A.S, whose interest and guidance 

helped in the completion of work successfully. And also extending the gratitude to Prof. Dr. Nagesh H.R (H.O.D Computer 

Engineering Department) who has facilitate exploring the subject with more enthusiasm. 

 

CONCLUSION 
 

This paper proposes a smart shopping using augmented reality on android operating sytem which will help to combine virtual object 

with the real environment in various applications. The main advantage is use low cost devices as compared to the costly head mounted 

display services. Second advantage is now hoppers no need to walk into the store rather than that device to get detailed information of 

shops or malls they are interested in simply by panning the devices video camera over the shop or mall. In the future, it is necessary to 

apply the augmented reality system suggested areas including advertising, education, and tourism, by making interaction between 

users and augmented reality system. AR has been effective for a better learning performance, learning motivation, student engagement 

and positive attitudes. 
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Abstract:  Soil is the basic requirement of all life on earth. The origin of life has been attributed is soil along with other basic 

elements. Soil nutrients are the major source of soil fertility that helps for the plant growth. Soil nutrients has become a necessary 

resource to be enhanced further over the past years due to the increase in usage of inorganic fertilizers, disposal of waste water from 

domestic and industrial sector etc. soil resource is now facing threats due to various soil nutrients deficiency. The soil quality is 

equally important as that of crop production. Mapping of spatial variability of soil nutrients and its quality is vital important and it is 

particularly significant, where soil fertility is primary source of agriculture. The present study focus on spatial variability and temporal 

variability of soil quality. This variation maps of soil nutrients were prepared using GIS technology and other related maps were 

prepared from remote sensing data in ArcGIS 10.1. The soil nutrient index is determined to identify the nutrient status in the study 

area. From the soil nutrient index, the crops response to the nutrient, causes for the nutrient deficiency and consequences of such 

nutrient deficiency are analyzed. Samples were collected from twenty five locations in the study area. Soil nutrient analysis of the 

collected samples are done for 2015.The results were shown in spatial format using remote sensing and GIS. Suggestions to overcome 

such nutrient deficiency is also discussed in order to improve the crop productivity in the study area. 

Keywords:  soil nutrients, spatial variability, remote sensing, GIS, Macro and micro nutrients, soil nutrient index (SNI), 

 

I.INTRODUCTION  

Soil is the basic requirement of all life on earth. The origin of life has been attributed is soil along with other basic elements. Soil the 

source of life is passionate. It must be remembered that any natural or manmade activity on the surface of the earth will have its own 

impact on the quantity and quality of soil this will be taken into the biosphere systems and ultimately lead to hazardous extremes. The 

increase in population and urbanization and its necessities in growth of agricultural practices which leads to exploitation of soil 

nutrients. The dependability on inorganic fertilizers has reached high in recent decades due to reasons such vagaries of monsoon, 

increasing the crop yield, making money at short duration. This has resulted in over exploitation all over the country and in certain 

places it has reached critical levels like deficient soil nutrients. Soil nutrients (generally NPK) being one of the basic necessities for 

plant life. The source of life in its natural state is free from pollution but when man tampers the soil nutrients it loses its natural 
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conditions. Soil nutrient has become an essential resource over the past few decades. Remote sensing and GIS are effective tools for 

soil quality mapping. Hence this technique is adapted to analyze the soil quality based on soil nutrient parameters 

II.STUDY AREA  

The study area located in the South east coast of India Tamilnadu state which falls in between north latitudes 10Á 15ô and 11Á 00ôand 

east longitudes 79Á 30ô and 80Á 00ô . The study area (topographic sheet no. 58N/11, 58N/13, 58N/14, and 58N/15) comprises south-

eastern part of the Nagapattinam district the length of total coastal stretch around 55 km and total extent 1381 sq.km. The 

Nagapattinam district lies along the east coast of India, located to the south of Cuddalore district and another part of the Nagapattinam 

district lies to the south of Karaikal and Thiruvarur districts. The major soil types in this taluk are Sandy coastal alluvium soil and 

Clay soil. Sandy coastal alluvium soils are prevalent in coastal areas of tharangambadi taluk and some interior areas like Memathur, 

Seridiyur, Kulichar, Nangur etc..,while clay soil are found in south-west part of tharangambadi taluk. 

 

Climate and Rainfall: 

¶ Average maximum temperature is about 32° C 

¶ Average minimum temperature is about 24.60°C 

ü During south west monsoon      

¶ Normal rainfall is 265.2mm 

¶ Actual rainfall is 250.6mm 

ü During north east monsoon 

¶ Normal rainfall is 908.8mm 

¶ Actual rainfall is 969.2mm 

 

Fig 1. Study Area 
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                     III.METHODOLOGY  

It is important to use the proper equipment for sampling soils. A soil probe can be used to collect soil samples and a small wooden rod 

can be used to remove the soil core from the tube. Here in tharangambadi taluk, the soil samples are collected by using a spade by 

digging a V-shaped hole to sample depth and then a thin slice of soil is taken from one side of the hole. The field, where the soil 

sample is collected is divided into four quadrants and then the soil sample is taken by above method. The samples collected from each 

quadrants is mixed and labeled as sample no.1. In similar manner 25 random locations are sampled and labeled. Then the soil samples 

are dried and sieved in order to remove other particles. Then 1 to 1 1/2 cups of soil sample (each in 25 samples) is sent to the 

laboratory for analysis. Samples were analyzed for macro nutrients and micro nutrients by using the standard procedures. Detailed 

macro and micro nutrients like Calcium carbonate (cacoϝ), EC (dsm¯¹), P,organic carbon (%), nitrate, phosphorus, potassium, iron, 

manganese, zinc, copper were measured by Orion ion electrodes using standard procedure to understand the soil nutrients behavior. 

The Tharangambadi taluk map is scanned and georeferenced using ArcGIS software. Ground Co-ordinates are gained from Google 

map. Using these co-ordinates pixel co-ordinates of scanned image are  

converted into ground co-ordinates. The georeferenced map is digitized by creating personal geodatabase and feature classes (point, 

line, and polygon). The map is digitized and it is projected for accurate information. The layout of the map is prepared with latitude 

and longitude for better understanding and more informative. 

 

 

 

 

 

 

 

 

 

Fig 2: Soil map of the study area 
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Fig 3. Methodology 

IV. RESULTS & DISCUSSIONS 

1. SATELLITE MAPS 

Raw satellite images of the given area is pre-processed using ENVI software. Satellite images are usually downloaded from USGS 

website. Geometric and Radiometric correction are applied to correct for these distortions and produce an image with geometric 

integrity of the map. Here the red band shows the vegetation areas, blue band shows water bodies where green band shows built up 

and barren lands. The satellite images of 1993, 2014 and 2015 is given below to understand the land cover variation 

 

Fig 4:  Satellite map of the study area (1993)                Fig 5: Satellite map of the study area (2014) 
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Fig 6: Satellite map of the study area (2015) 

 

LOCATION  N in 

kg/acre 

P in 

kg/acre 

 K in 

kg/acre 

Fe in 

ppm 

Mn in 

ppm 

Zn in 

ppm 

Cu in 

ppm 

RAJIVPURAM  12.6 26 54 15.23 7.92 0.21 0.37 

PORAYAR 53.2 25 76 14.62 4.31 0.33 0.29 

EDUTHUKKATI  133 25 128 15.33 6.91 0.28 0.38 

ILLUPUR  32.2 8 92 13.28 4.2 0.64 0.63 

KOTHANGUDI  50.4 6.5 56 13.91 2.81 0.61 0.71 

PERAMBUR 91 21 148 13.41 3.91 0.38 1.31 

KADAKKAM  15.4 13 52 15.43 6.79 0.39 1.04 

OZHUGAIMANGALAM  23.8 18 60 16.71 6.81 1.01 0.79 

THIRUVIDAKAZHI  117.6 9 52 12.87 5.43 0.79 0.81 

ECHANGUDI  121.8 11 76 12.79 6.38 1.28 0.96 

MANIKKAPANGU  50.4 16 54 12.41 4.31 0.39 0.91 

KAZHIYAPPANALLUR  39.2 10 48 15.42 7.41 0.71 0.55 

PILLAIPERUMANALLUR  15.4 13.5 50 15.42 7.41 0.71 0.55 

MANNAMPANDAL  35 13 52 13.39 3.92 0.53 0.31 

PARASALUR 19.6 6.5 56 12.45 4.56 0.59 0.39 

SERIDIYUR  40.6 25 124 16.12 3.94 0.86 1.03 

VANAGIRI  7 15 50 14.39 5.38 1.21 1.09 
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Table-1:  Macro and micro nutrients of the samples collected   

 

Fig 8: Soil sample collection, labelling, Drying, Sieving and removing other particles from sand 

 

 

Table-2: Soil Test Categories for Nutrients 

 

 

ARUPATHY  85.4 15.5 68 14.32 3.56 0.91 0.86 

THIRUCHAMPALLI  39.2 11 50 16.71 6.13 0.87 0.93 

RADHANALLUR  99.4 14 176 15.91 2.91 1.25 0.39 

NANGUR 71.4 18.5 96 12.68 3.56 0.38 0.64 

ALAVELI  89.6 20 92 12.73 2.58 0.47 0.39 

UMAYALPURAM  72.3 2.5 58 13.34 3.91 0.38 0.28 

POMPUHAR 33.6 1.5 56 17.47 4.97 0.49 0.35 

THIRUVENGADU  78.4 2.5 144 13.28 3.95 0.31 0.33 

Macronutrients 

Soil Test Category Phosphorus (P) in Kg/acre Potassium (K) in Kg/acre Nitrate (N) in Kg/acre 

Deficient (low) 0-5 0-40 0-50 

Optimum (high) 6-10 41-100 51-100 

Exceeds Crop Needs (very high) >10 >100 >100 

Micronutrients 

Soil Test Category Iron (Fe) in ppm Manganese (Mg) in ppm Copper (Cu) in ppm Zinc (Zn) ppm 

Deficient (low) 0-10 0-1 0-1.2 0-10 

Optimum (high) 11-20 1.1-10 1.3-10 11-20 

Exceeds Crop Needs (very high) >20 >10 >10 >20 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƗȮɯ,Èà-)ÜÕÌȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

224                                                                                                   www.ijergs.org   

NITRATE:  

                          Nitrogen is the basic nutrient helps in seed formation and increases the food and feed value of crops. The 

nitrogen-deficient plants are light green in colour. The lower leaves turn yellow and in some crops they quickly start drying up as if 

suffering from shortage of water. The analyzed sample varies from 7 ï 135 kg/acre in the study area. 

 

Fig 9: NITRATE MAP 

PHOSPHORUS: 

                              Phosphorus is particularly helpful in the production of legumes, as it increases the activity of nodular bacteria 

which fix nitrogen in the soil. Generally phosphorous deficiency causes the plant is dark-green but the lower leaves may turn yellow 

and dry up. Growth is stunted and leaves become smaller in size. The analyzed sample varies from 1.5 ï 26 kg/acre in the study area. 

 

Fig 10: PHOSPHOROUS MAP 

POTASSIUM:  

Unlike nitrogen and phosphorus, potassium is not a constituent of the carbohydrates, oils, fats and proteins, the substances which form 

the fabric of the plants. But it plays a vital role in the formation or synthesis of amino acids and proteins from ammonium ions which 

are absorbed from the soil. Deficiency of potassium causes the margins of leaves turn brownish and dry up. The stem remains slender. 

The analyzed sample varies from 48 ï 176 kg/acre in the study area.  
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Fig 11:  POTASSIUM MAP 

IRON:  

                 Although iron does not enter into the composition of chlorophyll, its deficiency manifests itself in chlorosis, yellowing or 

whitening of leaves. The concentration of iron ions plays and important part in the oxidation process in leaf cells. Sever deficiency 

results in chlorosis and leaves turn white and eventual leaf loss and the growth of plants is very much restricted. The analyzed sample 

varies from 12.41 ï 17.46 ppm in the study area. 

 

Fig 12: IRON MAP 

 

 

MANGANESE:  

 Manganese is an essential element and appears to have a role in the formation or synthesis of chlorophyll. Due to deficiency 

of manganese the carbohydrate synthesis is disturbed, resulting in retarded growth, decrease in the content of ash and failure to 

reproduce. The analyzed sample varies from 2.58 ï 7.92 ppm in the study area. 
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Fig 13:  MANGANESE MAP 

 

ZINC:  

                   Zinc is associated with the development of chlorophyll in leaves and a high content of zinc is correlated with a high 

amount of chlorophyll. In its absence growth is less, buds fall off and seed development is limited. Extreme deficiency of zinc 

manifests in chlorotic conditions and in darker coloured veins of leaves the analyzed sample varies from 0.21-1.28 ppm in the study 

area. 

 

Fig 14: ZINC MAP 

COPPER: 

                   In the chloroplasts of leaves there is an enzyme which is concerned with the oxidation-reduction processes. The presence 

of copper is essential for this enzyme to function. Thus, copper plays an important role in the process of photosynthesis.  In extreme 

deficiency there may occur excessive leaf shedding. The analyzed sample varies from 0.28 ï 1.31 ppm in the study area. 
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Fig 15: COPPER MAP 

 

ESTIMATION OF SOIL NUTRIENT INDEX (SNI)  

Parkerôs (1951) method of calculating Nutrient Index (NI) values to indicate fertility status of soils for the purpose of mapping. The 

following equation is used to calculate Nutrient Index Value:- 

Nutrient Index =     (Nl X 1) + (Nm X 2) + (Nh X 3) 

                                                        Nt 

Nh = Number of samples falling in high category of nutrient Status. 

Nt = Total number of samples analyzed for a nutrient in any given area. 

Nl = Number of samples falling in low category of nutrient status. 

Nm = Number of samples falling in medium category of nutrient status. 

Separate indices are calculated for different nutrients like nitrogen, phosphorus and potassium. Based on the above WQI values, the 

soil nutrient index is rated for the study area (tharangambadi taluk). 
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          Table 3: soil nutrient index standards 

 

        

 

 

 

 

 Table 4: soil nutrient index for the study area 

 

 

 

 

 

 

 

 

 

 

 

V.CONCLUSION  

  Soil nutrients are the prime requirement for the existence of life. Soil resources is a precious resource of finite extent. Over the years 

increasing population urbanization and expansion in agriculture has head in the scientific exploitation of soil nutrients by using 

inorganic manures in order to increase the yield creating soil quality contamination condition. Tharangambadi taluk area is under 

threat due to the critical issues of environmental pollution and salinity problem. The soil quality in tharangambadi taluk has been 

reduced due to pollution. Hence monitoring the soil quality is indispensable. The study was carried out in tharangambadi taluk in 

Nagappatinam district. GIS techniques can provide appropriate platform for convergent analysis of large volume of multi-disciplinary 

data. It helps in decision making for soil nutrient studies. The soil nutrient map will serve as a tool for the general public to identify 

the soil response to crops. The analysis of the results drawn at various stages of work revealed that integration of Remote Sensing and 

GIS are effective tools for the preparation of various thematic layers. From the various inference from the thematic maps we came to 

Parkerôs nutrient index 

standard 

Description 

<1.5 Low nutrient status 

1.5-2.5 Optimum nutrients 

>2.5 High nutrient status 

Nutrient  Soil nutrient 

index 

Description 

Nitrate (N) 1.6 Optimum nutrients 

Potassium (K) 2.36 Optimum nutrients 

Phosphorus (P) 2.62 High nutrient status 

Iron (Fe) 2 Optimum nutrients 

Manganese (Mg) 2 Optimum nutrients 

Copper (Cu) 1 Low nutrient status 

Zinc (Zn) 1.02 Low nutrient status 
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conclusion that the soil quality in the study area should be enhanced further. Hence it is suggested that to enhance the soil fertility 

appropriate organic fertilizers should be used. 
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ABSTRACT:  The present study was undertaken to evaluate the effect potential of Ciprofloxacin (CPFX) to induce pancreatitis in 

rats with reference to its doses of treatment along with restoration of anti-oxidant vitamin supplementations. Adult male wistar strain 

weighing about 150 ï 250g were subdivided into seven groups. I ï Control group received normal saline. II Low dose group: 250mg 

of ciprofloxacin /kg. body weight /day. III High dose group: 400mg of ciprofloxacin /kg. body weight/day. IV High dose + Vitamin A: 

400mg. of ciprofloxacin followed by 7.5mg.of vitamin A /Kg. body weight/day. V High dose + Vitamin C: 400mg. of ciprofloxacin 

followed by 500mg. of vitamin C /Kg. body weight/day. VI High dose + Vitamin E: 400mg. of ciprofloxacin followed by 600mg. of 

vitamin E / kg. body weight/day. VII High dose withdrawal: 400mg. of ciprofloxacin as an oral dose and were allowed a withdrawal 

period of the drug for further seven days. Body weight, organ weight, insulin levels and histopathology of pancreas were studied. The 

drug did not cause any significant alteration in the body weight. Whereas, an increase in the organ weight of the pancreas and rise in 

insulin levels were noted after the drug treatment. In low dose treatment group, the compactness of the exocrine pancreatic cells is 

considerably reduced and endocrine islet cells showed extensive damage to a and b cells. In high dose treatment group the a and b 

cells had disappeared and endocrine pancreas.  

KEYWORDS :   Ciprofloxacin, oxidative stress, pancreas, vitamin A, Vitamin C, Vitamin E 

INTRODUCTION 

 Quinolones are potent antimicrobials with broad spectrum activity and are effective against a wide range of infections caused 

by Gram ï positive and gram ï negative bacteria including Bacillus anthracis.
1
 They exert their bactericidal effect by inhibiting 

the bacterial DNA gyrase, a type II topoisomerase.
2
 They have the advantage of possessing relatively well tolerated.

1
 However, 

clinical experience has indicated that they have some undesirable side effects including cutaneous reactions like phototoxicity, 

juvenile cartilage toxicity, and although the incidence is very low, adverse central nervous system reactions including 

epileptogeni convolutions.
3,4

 The mechanism underlying these adverse effects still not well known. Interactions of quinolones 

with dopamine and opiate receptors were also postulated.
5
 Fluoroquinolone antibiotic ciprofloxacin (CPFX) induces oxiadative 

stress in cerebral and hepatic tissues of rats as indicated by significant level of lipid peroxidation and alterations in glutathione 

(GSH) redox status.
6
 Vitamins are well established to act as antioxidants in many systems. 

 Since this drug is used for prolonged period, it will be worthwhile to study its effect on endocrine organs especially pancreas, 

in order to assess its toxic effects, if any.   In the recent years, toxicity by any agent working through lipid peroxidation, reactive 

oxygen species (ROS) generation is known to be counteracted by many anti-oxidants, one among them being the vitamins 

supplementations. In this study also, the role of vitamins A, C and E have been investigated for their probable rescue effects from 

the ciprofloxacin-induced toxicity in pancreas, if any. 

MATERIALS AND METHODS  

Animals 

 Wistar strain albino rats weighing about 180-200g, readily amenable to ease of handling and restraint during various dosing 

parameters, have been selected for this study. The rats were procured from Tamil Nadu Agricultural University, Coimbatore, and 

acclimatized to our animal house conditions for 2 weeks. The animals were housed in a well ventilated, temperature and humidity 
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controlled animal house with constant 12 + 1 hours light and dark schedule.  They were provided with standard diet and clean water 

ad libitum. They were then carefully monitored until the end of the experiment. The experiments were approved by the Animals Care 

Committee of the Institute (722/02/a/CPCSEA). 

Experimental protocol  

 The animals were divided into seven groups as follows. The animals were treated with Ciprofloxacin and vitamins 

supplementation at 12 hours interval for seven consecutive days (Short duration). 

 1.  Control group: Received 0.9% saline orally 

1.   Low dose: Received 250mg of ciprofloxacin /60kg. body weight /day 

2. High dose: Received 400mg of ciprofloxacin /60kg. body weight/day 

3. High dose: + Vitamin A supplementation: Received 400mg. of ciprofloxacin followed by 400 mg.of vitamin A 

/60Kg. body weight/day. 

4. High dose + Vitamin C supplementation: Received 400mg. of ciprofloxacin followed by 400mg. of vitamin C /60 

Kg. body weight/day. 

5. High dose + Vitamin E supplementation: Received 400mg. Of ciprofloxacin followed by 400mg. of vitamin E / 60 kg. 

body weight/day. 

6. High dose withdrawal: Received 400mg. of ciprofloxacin as an oral dose and were allowed a withdrawal period of 

the drug for further seven days  

Sample collection and histological study 

            The animals were weighed before and after treatment. Twenty-four hour after the last treatment schedule the animals were 

sacrificed by decapitation method. The pancreas was dissected out and weighed. The pancreas was then fixed for histological 

studies in freshly prepared Bouinôs fluid, dehydrated in a graded ethanol series, cleared in benzene and embedded in paraffin wax. 

Tissues were sectioned at 6 um and the sections were stained with periodic acid ï schiff (PAS) and counter stained with 

haematoxylin.  

RESULTS AND DISCUSSION 

 The exocrine pancreas presented marked inflammation of the acinar cells after CPFX treatment in the present study 

suggestive of acute pancreatitis. Inflammation of the pancreas, almost always associated with acinar cell injury, is termed 

pancreatitis.
7
 Acute pancreatitis is caused by the distructive effects of pancreatic enzymes which run much, within the pancreatic 

parenchyma.
8,9

 Drugs have been implicated in the aetiology of acute pancreatitis.
10,11,12 In control group (Fig 1), the pancreas 

shows normalcy. It consists of Ŭ cells, ɓ cells, ŭ cells acinar cells, blood vessels and connecting tubules. In low dose treated group 

(Fig 2), the compactness of the cells was reduced. Endocrine islet cells became damaged with reduced number of light and dark 

cells. In high dose (Fig 3), islet cells are highly damaged with disappearance light and dark cells and clumping of all the cells lead 

to fibrocystis. 

 In the endocrine pancreas, presence of antagonic substance leads to a constant overproduction of insulin and consequently to 

hypertrophy of the islets and then to hydropic degeneration and hyalinization. The exocrine pancreas presented marked 

inflammation of the acinar cells after ciprofloxacin treatment in the present study. Inflammation of the pancreas almost always 

associated with acinar celll injury is termed as pancreatitis. Acute pancreatitis includes a mild, self limited form termed interstitial 

or edematous pancreatitis and a move serious, severe type. The initial stage of pancreatitis is characterized by swelling and edema 

and this may be the condition observed. This stage may lead to necrosis of pancreatic tissue. Acute pancreatitis is caused by the 

destructive effects of pancreatic enzymes which run among within the pancreatic parenchyma.  
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 In the present study also we observed that, in low dose treated animals there was a acinar cell injury i.e. pancreatitis. Whereas 

in high dose treated groups necrosis of pancreatic tissue was observed. Drug have been implicated in the aetiology of acute 

pancreatitis. Anectodal case reports are found associated with pancreatitis with the NSAIDs namely sulindac,
14

 indomethacin
15

  

keto profen,
16

 naproxen,
17

 aspirin,
18

 piroxicam,
19

  mefenamic acid
20

 and ibuprofen.
21

 In the present study ciprofloxacin also caused 

acute pancreatitis. 

 In low dose treated animals, all the pancreatic cells are minimally damaged whereas in high dose treatment, all the cells are 

damaged and reduced in their number particularly B cells. Vitamin óAô supplementation (Fig 6) greatly recovers the pancreatic 

toxicity induced by ciprofloxacin.  

 Vitamin E, as a scavenger of peroxyl radicals, is probably the most important, inhibitor of the free-radical chain reaction of 

lipid peroxidation in animals. Initiation of lipid peroxidation can be prevented by enzymes that savenger ROS / RNS and proteins that 

sequester transition metal ions. Sequestration of metal ions also prevents them from decomposing perioxides into chain-propagating 

peroxyl and alkoxyl radicals. The dietary content of vitamin E is one factor that affects the sensitivity of laboratory animals to certain 

toxins or to tissue insults such as ischaemia reperfusion.
22 
Vitamin óCô (Fig 5) and óEô (fig 4) supplementation had also showed similar 

restorative effect. Whereas, withdrawal group gives partial recovery of pancreatic toxicity (Fig 7).  

 The pivotal roles of nutritional antioxidants are clearly understood, as evidenced by the antioxidative function of vitamin E, which 

is frequently used as a food additive as well as supplement to protect against oxidation. Vitamin A and C also have antioxidative 

functions. These compounds react directly with ROS and decrease their toxicity.  

 Vitamins are well established to act as anti-oxidants in many systems. In this study also their supplementation proved to be 

effective in restoring the balance of the tissue and lowering the ciprofloxacin toxicity. Drug withdrawal was not very effective 

like vitamin supplementations in the restorative activity suggesting a need for an extended period of drug withdrawal needed by 

the pancreas.  

      Fig ï 1 Control Group                Fig ï 2  Low Dose Ciprofloxacin   Fig - 3 High Dose Ciprofloxacin                                                 

                 

   Fig ï 4 High Dose + Vit ó Eô Group      Fig ï 5 High Dose + Vit óCô Group       Fig ï 6 High Dose + Vit óAô Group          

                                                       

Fig ï7 High Dose + Withdrawal Group      
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