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ABSTRACT 

A significant portion of the today’s world oil production is from mature fields. Over the last few decades, the 

rate of replacement; of the reserves already produced by new discoveries has been steadily declining. In order 

to meet the emerging need for the economical energy throughout the world; the recoverable resources of oil in 

existing reservoirs that can be economically produced from the reservoir by using the various EOR methods will 

play a key role in order to meet the demand for energy in the coming years. This study provides a 

comprehensive review about the different methods for enhancing the recovery of oil from the sub- surface. EOR 

methods such as, “Thermal injection, Chemical injection and Gas injection (miscible/immiscible gas)” are used 

for the enhanced recovery of oil from the sub- surface to the surface. This review also shows the growing 

deployment of the worldwide production of oil using EOR techniques. Three case studies are reviewed, 

“Polymer flooding- Sanand field, Viraj ASP pilot and Steam flooding cost analysis.” The performance plot of 

the Sanand field and the Viraj ASP (Alkaline Surfactant Polymer) were analyzed and suitable types of polymers 

are suggested with respect to temperature. The cost analysis of the Steam flooding EOR is also analyzed; this 

analysis states the major costs involved in the production of oil along with how the major costs can be reduced 

in order to increase fuel efficiency and how to improve the purity of water.   

 

Keywords: Costs Can Be Reduced, EOR Methods, Improve Purity of Water, Polymer Flooding- 

Sanand Field, Steam Flooding Cost Analysis, Viraj ASP Pilot. 

 

I. INTRODUCTION 

 

The production of Oil is divided into three different phases, “primary, secondary and the tertiary phase.” The 

first phase which is the, “Primary phase” limits the oil (hydrocarbons) to naturally rise up to the surface without 

any external artificial lift methods; such as the, “sucker rod pumping, jet pumping, gas lift and the hydraulic 

pumping method;” whereas the secondary production of oil employs; injecting water or gas into the reservoir 

and hence displacing the oil to the surface. The primary recovery of oil does not exceed more than 20% and for 

the secondary recovery (water- flooding) of oil the incremental recovery does not exceed more than 15- 25% of 

oil; hence resulting to a global oil recovery combined for both; primary and secondary recovery ranging 

between 35-45% of the reservoir. As the primary production of oil has been declining since the past few years; 

tertiary oil recovery techniques have been increasingly developed in the form of, “EOR- Enhanced Oil 

Recovery.” EOR is the technology in which some form of additional energy input is given into a hydrocarbon 
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reservoir in order to make more oil or gas movements towards the producer wells with an aim to enhance the 

ultimate total recovery from the reservoir. The department of Energy (U.S.A) states that only one third of the 

total oil available is produced worldwide. With the shortage in the supply of oil the demand of it has been 

increasing; this demand can be fulfilled by using EOR techniques. The Enhanced Oil Recovery techniques can 

recover up to 60-65% of the original oil present in the reservoir; this is why this oil production technique has 

been increasingly developed. [1] 

Over the last few decades a lot of research has been carried out and since then the EOR techniques are being 

applied on depleted reservoirs and have also shown an increase in the efficiency as compared to the other two 

production phases of oil. This paper would be stating the various methods of EOR and what are changes on a 

field after the application of these methods.  

 

1.1 EOR and IOR 

Oil is recovered and extracted from its reserves by three main recovery stages worldwide; such as; 

 Primary recovery: This is the initial recovery stage of hydrocarbons from the below the surface. The oil is 

naturally pushed to the surface by the displacement energy present beneath. This is a conventional recovery 

technique which is based on natural mechanisms such as, “displacing natural water, expansion of natural 

gas etc.”  

 Secondary recovery: This stage of recovery is utilized after the primary production stage of recovery has 

declined. After a lifetime of the reservoir; the well pressure falls and external mechanisms are used in order 

to recover oil from the sub- surface. “Water flooding, gas injection and pressure maintenance are a few 

secondary techniques commonly used.  

 Tertiary recovery: This stage of extraction for oil is used after the secondary stage of recovery is has 

already been implemented. The tertiary stage of recovery is also known as the, “Enhanced Oil Recovery” 

method. This method increases the rate of extraction oil due to the mobility of oil. This process of 

recovering oil uses techniques such as, “Chemicals, Thermal energy and gas injection (miscible/immiscible 

gas.)”    

The below Fig.1 shows the different terminologies of oil recovery defined by the, “Society of Petroleum 

Engineers (SPE.)”  

 

Fig 1: Oil Recovery Stages [2] 
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The IOR techniques comprises of the, “EOR methods, drilling and well technologies, reservoir control and 

management, various primary and secondary recovery methods.” The primary and secondary recoveries are both 

conventional recovery methods; which means that they can produce the oil in the reservoir which has less or 

nearly no viscosity and capillary effects whereas the tertiary or the EOR techniques targets the oil reservoir that 

has high viscosity and capillary effects.  

 

1.2. EOR Techniques 

There are three main types of EOR techniques such as, “Chemical Injection, Gas injection 

(Miscible/immiscible) and Thermal.” Since using the EOR’s are expensive; Oil producers do not use these 

techniques on every well and reservoir; hence the economics of the reservoir and the study of the field is 

thoroughly evaluated before determining the type of EOR which would work the best on which reservoir. This 

evaluation is carried out by, “Reservoir characterization, Screening, Scoping, Reservoir modeling and 

Simulation.”  

 Chemical Injection: This EOR technique is used to free the hydrocarbons from the pores by injecting long- 

chained molecules, “polymers” into the reservoir. This injection of polymers increases the effectiveness of 

the waterfloods. A detergent in the form of a, “Surfactant” can also be used; which act as cleansers and 

lowers the surface tension which then prevents the oil droplets from moving through the oil reservoir. The 

principle chemical EOR techniques consist of injecting, “Polymer surfactants, polymer flooding and 

alkaline flooding.”  

 Gas injection (Miscible/Immiscible flooding: This is a tertiary recovery stage. This EOR technique 

comprises of, “Carbon dioxide flooding, Nitrogen gas flooding and hydrocarbon miscible flooding.” As 

these gases enter into the reservoir; they expand and hence pushes the reservoir gases and the oil to the 

reservoir to the surface; this decreases the viscosity and increases the flow rate of the mixture of oil and gas.  

Using this EOR; it encompasses nearly 60% of the EOR production in the United States.   

 Thermal methods: This EOR technique is carried out in order to provide heat to the oil and hence decrease 

its viscosity. Since the viscosity has decreased; there is then an increase in the flow rate of oil from the 

reservoir to the surface. At times; Steam is injected into the reservoir; this steam process is generally 

applied to shallow depths of water. This EOR technique was first applied in Venezuela in the 1960’s and 

accounts for nearly 50% of the United States’ total EOR production. The most commonly used Thermal 

Injection techniques are, “Steam flooding, Cyclic steam injection and In- situ combustion.” This EOR 

technique has been observed to have an enormous development in the past few decades and has also 

become the largest contributor of hydrocarbons using the EOR techniques. [5]  

1.3. Important factor’s contribution for EOR 

The important factors that contribute to the enhanced recovery of oil are as follows: 

 Areal sweep efficiency:  This is the percentage of the total are which is contacted by the injection fluid 

before breakthrough in the production well. The sweep efficiency depends mainly upon two factors, 

“Mobility ratio and the flooding patter.” 
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 Displacement efficiency: This is the percentage of the total pore volume which is invaded by displacing a 

fluid. The displacement efficiency is mainly dependent on the, “wettability characteristics of the rock to the 

injected fluid.” 

 Volumetric sweep efficiency: This is the percentage of the reservoirs total volume of oil which is 

contacted by the injection fluid during the recovery of oil.  

 Overall sweep efficiency: The overall sweep efficiency is the areal sweep efficiency times the 

displacement efficiency in a single porous media. 

 Mobility: This is defined as the ratio of the effective permeability of a phase to the viscosity of that phase; 

denoted by; 

M= K/µ; mobility is inversely proportional to the viscosity of the fluid; mobility of gas is high; whereas the 

mobility of oil is very less. 

 Mobility ratio: Mobility ratio is defined as the mobility of the displacing fluid to the mobility of the 

displaced fluid. 

M= Mobility of displacing fluid (M1)/ Mobility of displaced fluid (M2) 

If the mobility ratio is greater than one then it is unfavorable since water is more mobile than oil and a mobility 

ratio of less than one is favorable since the areal sweep efficiency is high.  

Fig 2; shows a chart that displays which EOR method can be considered to use in which type of reservoir. In 

every reservoir the viscosity of oil is different along with the nature of the reservoir. It is important to first 

understand the reservoir behavior and then choosing the best recovery technique to recover oil from the 

reservoir economically.   

 

Fig 2: EOR method- Reservoir (Shell- EOR brochure 2012) 

II. THERMAL RECOVERY 

 

There are many reservoirs containing high viscosity oils; the recovery of such oils is very less due to the low 

permeability in the oil reservoir. The recovery of oil can be enhanced here reducing the viscosity of oil by 

various means; the viscosity of the oil is inversely proportional to the temperature. These techniques also 
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improve the sweep efficiency and the displacement efficiency. The viscosity of the oil can be reduced by 

increasing the temperature in the reservoir.  

Therefore there are three thermal processes that are widely used today for the reduction of the oil viscosity and 

enhancing the recovery process of oil which as below: 

(a) Cyclic steam injection 

(b) Steam flooding 

(c) In- situ combustion 

III. CHEMICAL INJECTION 

 

The chemical injection method of EOR encompasses the injection of specific chemicals which displace the oil 

from the reservoir effectively; this is due to their properties with respect to the behavior in a phase. This results 

in a reduction of the interfacial tension between the displacing liquid and the oil in the reservoir. The overall 

percentage of the recovery of the oil is inversely proportional to the interfacial tension between the driving fluid 

and the oil; which acts as the driven fluid. The lower the value of the interfacial tension; the higher is the 

recovery of oil from the reservoir. This method of EOR is used when the oils are greater in viscosity than the 

oils recovered by the gas injection method of EOR and less than that recovered by the thermal methods of EOR. 

The various methods of Injection are, “Surfactant polymer flooding and Alkaline flooding.” 

 

IV. CASE STUDY 1 (POLYMER FLOODING- SANAND FIELD) 

 

This case study is based on the chemical injection EOR method, “Polymer flooding.” The location of the below 

field map is of the, “Sanand field” where the polymer flooding method was used. [6] 

The field images have been shown below along with the performance of this EOR method on the field reservoir. 

Shown below fig 3 is a location map of the field;  

 

Fig 3: Location Map of the Field [6] 

In the above fig 3; “the polymer pilot shows a small section of the field, the expanded pilot shows an expanded 

section of the field and the commercial scheme is the time when the oil is commercialized.” The objective of the 

polymer flooding is to improve the mobility ratio, the maximum oil viscosities for this method is 100 or 
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possibly 150cp. If oil viscosities are very high, higher polymer concentrations are needed to achieve the desired 

mobility control.  With the current polymers in use; the reservoir temperature should be less than 200 degree 

Fahrenheit to minimize degradation; this requirement limits depth up to 9000ft. The above figure shows the 

number of wells along with different sections of the reservoir taken for plotting the performance curve with the 

use age of this EOR method.   

Polymers used for enhancing oil such as, “Polyacrylamides and Polysaccharides.” The type of polymer to be 

used in this case study would be determined on the given factors: 

Type of formation: Sandstone    

Thickness: 2-8mts   Porosity: 24-32%    

Permeability: 1500md   Temperature: 85 degrees Celsius    

Depth: 1325mts    Pressure: 100kg/cm
2    

Primary recovery: 14.7%   Oil viscosity: 20cp     

Drive: Partial edge water   Salinity of formation water: 10000ppm 
 

For the selection of which polymer to use; the temperature of the reservoir oil properties (viscosity), and the 

salinity of the formation water are the key parameters. The characteristics of polymers to be considered for the 

selection of the polymer are, “Hydrolysis degree, water content, thermal stability, molar mass, determination of 

ph., rheological behavior, stability under reservoir conditions, mechanical degradation and filterability tests.”  

With reference to the paper, “Characterization and selection of polymers for future research on enhanced oil 

recovery; Maria de Melo and Elizabete Lucas; vol 2; No.4, 2008;” the hydrolyzed polyacrylamide polymers 

would be suitable for use with respect to the temperature, 85 degrees Celsius (356 degree kelvin;) the 

temperature given in this case study is very close to the temperature mentioned in the literature of the 

characteristics of this polymer at which it would degrade. More than 90% of the polymer flood EOR methods 

are performed using this type of polymer. Another polymer which could be suitable for the polymer flooding 

purpose is the, “Biopolymers- Xanthan.” These polymers are resistant to high temperatures; which means that 

it has the capacity to degrade at a much later stage; this is the prime reason for its suitability. The higher the 

polymers resistant temperature is; more the time it would take to degrade. As the business as usual curve is not 

available; the extend of incremental oil cannot be accurately estimated. (Polymer flooding- field development 

projects in StatOil; 6
th

 Nov 2013) 

The below; fig 4shows the performance plot for this case study.  

 

Fig 4: Performance Plot (Sanand) [6] 
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The above figure shows the performance plot of the field reservoir, “Sanand polymer flood” with respect to, 

“time (month- year), oil rate and the percentage of water cut. For the period from May 1969 to September 1984 

the field was producing without any EOR. During the period up to October 1974 there was no water cut or 

minimal water. The water is seen to gradually increase with time and reached to level of about 22% by February 

1978 with the maximum oil production rate of 380m
3
/d achieved between Jun-76 and Feb-78. Then for next 3 

years water cut has shown a downward trend and came down to about 10%.This could be due to addition of new 

wells, as the production rate has also gone up from about 200 cubic meters to little over 300 cubic meters per 

day. There after water has steadily increased and reached to a level of about 30 %( October1984.) At this stage 

pilot was commissioned. 

 

 After the Pilot study an extended pilot was done and commercialization in June 1996.  

 Pilot and extended section:  The pilot began in Oct-84.This section ranges from Oct-84 to Feb 93. During 

the injection of polymers, though the water cut has gone up from about 22% at the beginning of the pilot 

(oil rate about 200 cubic meters per day) to about 60% at the end of the pilot (oil rate 60 cubic meters per 

day) but the oil production rate of 450m
3
/d between Feb-88 and Oct-89 was achieved which is more than 

the production rate achieved in the initial period. In 1993 February the pilot was extended and   a drop in 

water cut is observed with corresponding rise in oil production.  

 Commercialization section: This section is from the time period of June-96 to Feb-08 and still continuing. 

Here there is a considerable increase of the production rate of oil but has declined with the increase in the 

period of time. The water cut (w/c) is the maximum here which is nearly 72% and a production rate of oil 

with a peak value of nearly 470m
3
/d. Hence; during the commercialization period; the water cut is 

maximum and as the polymer degrades the production rate of oil gradually reduces over time to a minimum 

value of 220m
3
/d with a maximum water cut of 72%.  

Since the base line production profile is not available, incremental oil gain cannot be estimated presently. 

However, looking at the production profile of the implementation of the project, there is an appreciable gain in 

oil production and the water cut has also stabilized at about 68%.  

 

V. CASE STUDY 2 (VIRAJ ASP PILOT) 

 

This case study is based on the, “Alkaline/ Surfactant/ Polymer. Shown below in fig 14 is the performance plot 

of the Viraj oil field at Ahmedabad. The sub- surface data for this oil field is as follows:  

Formation: Sandstone 

Thickness: 16 mts    Porosity: 25-30 % 

Permeability: 4 to 9 Darcy   Temperature: 810C 

Pressure: 135 kg/cm2    Oil viscosity: 35-50cp 

Salinity: 10000 ppm    Acid number: 1.625 

Drive mechanism: active edge water drive  Average water cut: 85% 

 

The ASP was initiated   in Jul-02. The oil production rate from the field at the start of ASP was about 60m
3
/d. 

During Jul- 02 (ASP) to Oct- 03, after initiation of ASP, the oil production rate reaches the peak level of about 

180m3/d. During this period chemical movement has been fast resulting in drop in water cut. Initial water cut at 
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the start was over 80% and gradually dropped to about 75%. There after water cut started increasing perhaps due 

to preferential movement of water and oil production rate dropped to about 85 cubic meters per day and water 

cut of about 85%.From October 03 to March 05 production continued to drop from about 85 to less than 60 

cubic meters. After this production rate picked up due to injection of additional slugs of chemical and peaked to 

level of nearly 80 cubic meters per day. From the graph it appears that the pilot was stopped during February 06 

to evaluate the performance. The effect of the chemical injection is still visible after stoppage of injection as the 

injected chemical was driven by injection water. Looking at the base line production, incremental oil production 

is clearly visible.  

 

Fig 5: Performance Pilot of the Viraj ASP Pilot [6] 

VI. CASE STUDY 3 (STEAM FLOODING COST ANALYSIS) 

 

This case study shows the costs involved for the steam flood. During the injection of steam, there is heat loss 

during its transportation from boiler to the well bore. Amount of heat loss in this circuit determines the 

economic feasibility of the system. Cost data for steam flood EOR is given below fig 6:  

 

Fig 6: Cost Of Oil Production (Steam- Flooding) [6] 
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From the above figure; the fuel generators and the water treatment both combine to about 96% of the total 

expenses; this shows that these are most important factors in steam flood. Since the fuel for generators and the 

water treatment processes combine to the maximum costs; improving the water quality and using the best 

suitable boiler would be the focus. An efficient type of boiler would be required for generation of steam. Boilers 

are divided into two main sections, “Utility steam boilers and Industrial steam boilers” and further into various 

types such as, “Fire- tube boiler, water- tube boiler, natural circulation boilers, controlled circulation boilers, 

once through boilers, subcritical pressure and supercritical pressure.” The operating pressure for the utility 

steam boiler ranges between, “1900- 2600psia for subcritical boilers and 3500psia for supercritical boilers” and 

the operating pressure for the industrial steam boilers is 1500psia.  

Steam injection has limiting factors of,”5000ft for depth and the reservoir thickness should be greater than 10ft.” 

The limitation of depth imposes a critical pressure of steam to be 3202psia. The absolute pressure is nearly 

3208.2psia; temperature would be nearly 705.47 degree Fahrenheit and the Enthalpy would be 906J. (Referring 

to the Steam tables) Since the absolute pressure is generally around 3208.2psia; the super critical utility steam 

boiler would be the best suitable boiler for the steam flooding EOR method. Due to the major heat losses 

observed; a suitable type of insulation would be required using a suitable material which can the heat and 

conserve the energy.   

Water is classified into three main categories, “acidity, neutrality and alkalinity. There are many impurities 

(calcium carbonate, calcium sulfate, magnesium sulfate, copper silica, Iron oxides, Oil and dissolved gases) that 

are already present in water that affect the purity of steam. The quality of the feed water and the purity of steam 

are both interrelated. In order to achieve purity in steam, the quality of water should be improved; this can be 

done by various methods such as, “boiler water treatment chemicals, hardness control, alkalinity control, oxygen 

control, etc.” The boiler feed water quality is addressed in a boiler specification table by specifying the steam 

purity requirements, which in turn are based on turbine manufacturer recommendations. The current basic steam 

purity criteria encompass the requirements of three important parameters, “Sodium as Na, g/L 3.0, SiOz, micro 

g/L 10.0 and Cation conductivity, mho/cm 0.2.” (European and United States turbine manufacturer’s criteria’s) 

Using these parameters for the purity of steam, the boiler manufacturer would have to submit the corresponding 

feed water quality requirements as a part of his proposal. [Vecom Marine, clean chips- clean seas; boiler water 

treatment] 

 A suitable water source would also be required in order to supply water for steam generator. The two most 

important factors here are, “the location of a water source and the quality of water.” A suitable location for the 

water source should be chosen which would reduce the cost of transportation. Quality of water would determine 

the size of the treatment plant and the process to be used. 

Since heat losses result in higher consumption of energy leading to higher demand of fuel, using proper type of 

insulation would reduce the costs of fuel. Suitable thermal insulation ranges from temperatures, “-73.3 degrees 

Celsius to 815 degrees Celsius and a few insulation materials also range greater than 815 degrees Celsius.” 

There are several advantages of using an appropriate type of insulator such as, “energy savings, process control, 

condensation control, personnel protection, fire protection, sound attenuation, greenhouse gas reduction and 

understanding the heat flow/ heat transfer.” The insulation material is dependent upon various characteristics 

such as, “should not be affected by moisture, should not cause corrosion of pipes if decomposed chemically, 

should be able to withstand the temperature to which is it subjected, should not be too costly, should not 
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overload the pipe with its dead weight and the material of the insulation should be that it can be easily applied or 

removed.” [8] The primary materials that can be used for insulation are, “calcium silicate, mineral fiber, cellular 

glass, expanded silica or perlite, elastomeric foam, foamed plastic, refractory fiber and insulating cement;” all 

these materials broadly are divided into three different types, “Cellular insulation, Fibrous insulation and 

Granular insulation.” Since the glass cellular insulation material ranges from temperature, “315 degrees Celsius 

to 815 degrees Celsius;” this type of insulation material can be a suitable to use for the steam flooding EOR 

method since it has a high thermal resistivity capacity. [9] 

 

VII. CONCLUSION 

 

 Chemical injection: In this method of EOR; a suitable polymer or agent should be chosen with respect to 

the temperature. “The cost of Chemicals to use” is the most important parameter.  

 Thermal injection: In order to reduce the overall costs of the system; the, “Quality of water, fuel for 

generators and the type of insulation material” should be determined suitably. Referring to the above case 

study; the cost of production can be reduced; hence increasing the purity of water and conserving energy.   

 

REFERENCES 

 

[1]  Zitha, P., R. Felder, D. Zornes, K. Brown, and K. Mohanty. "Increasing Hydrocarbon Recovery 

Factors." Increasing Hydrocarbon Recovery Factors (n.d.): n. pag.Web. 22 June 2014. 

<http://www.spe.org/industry/docs/recoveryfactors.pdf>. 

[2]  Sustainability, Environment And. Enhanced Oil Recovery: Challenges & Opportunities (n.d.): n. pag. Web. 

22 June 2014. <http://www.world-petroleum.org/docs/docs/publications/2010yearbook/P64-69_Kokal-

Al_Kaabi.pdf>. 

[3]  1, Pete 609 – Module, and Introduction To Enhanced Oil Recovery (Eor) Metho.Suggested Reading: L, 

MAB Learning Objectives (n.d.): n. pag. Web. 24 June 2014. <http://home.shirazu.ac.ir/~eor/pdf/EOR.pdf>. 

[4]  Metannopanik, Sultan Pwaga, Collins Iluore, OysteinHundseth, Federico Juarez Perales, and Muhammad 

UsmanIdrees. "Comparative Study of Different EOR Methods." (2010): n. pag. Ipt.NTNU. 4 May 2010. 

Web. 24 June 2014. <http://www.ipt.ntnu.no/~norne/wiki/lib/exe/fetch.php?media=english:nw10:tr6.pdf>.  

[5]  "RIGZONE - What Is EOR, and How Does It Work?" RIGZONE - What Is EOR, and How Does It 

Work? N.p., n.d. Web. 27 June 2014. 

<https://www.rigzone.com/training/insight.asp?insight_id=313&c_id=4>. 

 [6]  Premier Energy- Steam-flooding the Future 2010 (n.d.): n. pag. Petrofed. Nov. 2010. Web. 25 June 2014. 

<http://petrofed.winwinhosting.net/upload/1516_April_10/Day%202/Session%205/2_TRMISRA.pdf>.  

[7]  Shukla, Anish Kumar, “Selection of insulation material." Selection of Insulation Material (n.d.): n. pag. 

Web. 27 June 2014. <http://www.energymanagertraining.com/Book_all/Technical_Pdf/P14Anish.pdf>. 

[8]  2, Section, and Insulation Materials And Properties. SECTION 2: INSULATION MATERIALS AND 

PROPERTIES (n.d.): n. pag. Web. 28 June 2014. <http://www.tiac.ca/downloads/best-practices-

guide/BestPracticesGuide-02_E.pdf>. 

 



International conference on Science, Technology and Management                             ICSTM-2015                                                                                                       

YMCA, New Delhi (India), 1 Feb 2015                                                     www.conferenceworld.in 

1823 | P a g e  

STUDY OF PHYSICO-CHEMICAL 

CHARACTERISTICS IN RIVER GANGA AT GOLA 

GHAT IN 2013 DISTRICT KANPUR IN UTTAR 

PRADESH 
 

R.C.Verma
1
, O.Kumari

2
, P.Mishra

3
 & H.S.Mahor

4
 

1
Department of Chemistry, Janta P.G. College, Bakewar, Etawah, (India)

 

2
Department of Chemistry, K.K. P.G. College, Etawah, (India) 

3
Department of Zoology, D.A.V. College, Kanpur, (India)

 

4
Department of Physics, Janta P.G. College, Bakewar, Etawah, (India) 

 

ABSTRACT 

Water samples from river Ganga at Sarsaiya Ghat in Kanpur in Uttar Pradesh were collected and physico-

chemical parameters were determined using standard analytical procedure in Jan. to Dec. 2013.pH (8.2-

9.3),Chloride and phosphate contents of water samples were determined 18-25 mg/l and 0.06-0.14 ppm 

respectively, Total hardness 96.6-166.2 mg/l, fluoride level were also 6.0-6.3 mg/l, DO of samples were 6.1-6.9 

mg/l, BOD were 6.5-7.5mg/l and COD were 30-40 mg/l. These results were said to their agreed with the limits 

set by World Health Organization (WHO) for drinking water. 

 

Keyword:  Physico-Chemical, WHO, Drinking Water. 

 

I. INTRODUCTION 

 

Water the most essential requisites that nature has provided to sustain life on earth.About80% earth surface is 

covered by water. The deteriorate quality of water create various problems for mankind. The growth in 

population, about 90% of which occur in urban areas, increases the demand for water for domestic and industrial 

uses. Water pollution from domestic and human waste is the main cause for human being water born disease. 

The industrial water pollution is due to inadequate measure adopted in the industry for the abatement of 

pollution. It is need of time to protect environment for present and future generations. The purpose of study into 

prepares qualitative assessment of abiotic and biotic conditions prevailing in river Ganga. 

    

II. MATERIAL AND METHOD 

 

The Kanpur on National Highway no.1 and 2 and falls on the Broad Gauge NR Railway line between Delhi and 

Kolkata.  
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Water samples were collected in clean polythene bags and subjected to chemical analysis for measurement of 

different parameters such as temperature, pH, DO, BOD, COD, fluoride, chloride, phosphate, hardness and total 

dissolved by standard analytical method in Jan. to Dec. 2013. 

III. RESULT AND DISCUSSION 

 

The values of different parameter with respect to sampling station are given in Table-1. The transparency values 

of sample were 19.5-54.5 cm. Maximum value is 54.5 in Feb.2013 while minimum value is 19.5 cm in Jun. 

2013. The temperature of water was 16.7-36.4
0
C. Maximum value is 36.4 in Jun.2013 and minimum value is 

16.7 in Jan.2013. The WHO (1992) did not recommend any definite temperature for drinking water. The pH 

value were 8.2-9.3, Maximum value of pH is 9.3 in Jan.   While minimum is 8.2 in May, June and July 2013.. 

Total dissolved were 135.0-139 mg/l which are under limits. The total hardness of water was 96.6-166.2 mg/l. 

The maxim um value is 166.2 in Jun.2013 while minimum value is 96.6 in Sept.2013. The levels of hardness are 

below the levels (300 mg/l) as laid down by Indian standard and thus water is soft. Fluoride level were 6.0-6.3 

mg/l, the maximum value is 6.3 mg/l in July 2013 while minimum value is 6.0 mg/l in May 2013 which are low. 

The chloride contents of water were 19-25 mg/l. The maximum value is 25 mg/l in March. and Apr.2013 while 

minimum value is 19 mg/l  in Nov. and Dec. 2013 which is below the prescribed limit (250mg/l) The COD 

value of water were  30-40 mg/l. Maximum value of COD is 40 in Dec.2013 while minimum  30 mg/l in June 

2013. 

The DO value of water were 5.4-6.9 mg/l. Maximum value of DO is 6.9 in Jan. and Dec.2013  while minimum 

is 5.4 in May 2013 which are permissible limit. The BOD value of water were 5.5-7.5 mg/l. Maximum value of 

BOD is  7.5 in Oct. 2013while minimum value is 5.5 mg/l in Jan, and Feb. 2013. 

 

TABLE- 1 Physico-Chemical Characteristics In River Ganga At Sarsaiya  Ghat, Kanpur 
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Jan. 16.7 52.5 9.3 6.9 5.5 36 21 0.10 111.2 135 6.1 

Feb. 18.7 54.5 9.2 6.3 5.5 35 22 0.12 107.3 136 6.1 

Mar. 23.2 39.5 9.1 6.1 7.5 35 25 0.11 143.9 136 6.2 

Apr 31.1 36.5 8.3 6.2 7.0 35 25 014 155.2 135 6.1 

May 35.6 20.5 8.2 5.4 7.5 38 23 0.08 160.1 136 6.0 

Jun 36.4 19.5 8.2 5.8 7.0 30 23 0.10 166.2 137 6.2 

Jul 28.4 22.0 8.2 6.1 6.5 36 19 0.05 98.8 139 6.3 

Aug 23.5 20.0   9.2 6.5 6.5 36 19 0.06 98.8 139 6.2 

Sept 24.2 25.0 8.9 6.6 7.0 35 18 0.06 96.6 138 6.1 

Oct 18.4 29.5 8.6 6.4 7.5 36 18 0.09 99.7 136 6.1 

Nov 18.6 37.0 9.1 6.7 6.0 35 19 0.10 110.4 136 6.2 

Dec 18.3 49 9.0 6.9 6.0 40 19 0.11 111.1 137 6.1 
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IV. CONCLUSION 
 

It is need of time to protect environment for present and future generations. The purpose of study into prepares 

qualitative assessment of abiotic and biotic conditions prevailing in river Ganga. 
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ABSTRACT 

Botnets represent one of the most serious cyber security threats faced by organizations today. Botnet is a network 

of compromised machines (Bots) used for malicious purposes. Unlike other types of malware, botnets have a 

central authority (the botmaster), use the infected computer to carry out malicious activities widely. This paper 

presents the classification of botnet based on their architecture and different types of bot family. The survey 

discuss about various methods for detecting botnet. 

 

Keywords: Botnet, Bot, C&C Server, Centralized, DNS, HTTP, IRC, P2P 

 

I. INTRODUCTION 

 

Cyber security is also referred as information security which deals with protecting computers, networks, 

programs and data from misuse by unauthorized person.  It is important because corporations, hospitals, 

governments, financial institutions, military and other businesses process which stores a great deal of 

confidential information on computers and transmit that data across networks. With the growing threats and 

attacks through malwares like botnet, hence it is necessary to protect sensitive business data, personal 

information, and to safeguard national security. Malwares are the malicious software programs that make some 

harmful attacks on the data that enters and leaves the internet. 

Botnet is a distributed malware; consist of a network of compromised machines. It consist a leader named 

botmaster who control the whole network. The botmaster sends commands to the system (bots) in network. The 

systems perform actions without the knowledge of the user. The commands are sent through a centralized server 

or by using peer to peer communications.     

Bot’s life cycle consists of five stages which are depicted in the Fig 1. A host must undergo these stages in order 

to become an active bot. 

The first stage is the injection stage wherein the host gets infected by downloading malicious software from 

websites or infected files attached to emails unknowingly. Then the infected host runs a program that searches 

for malware binaries in a given network database and hence become a real bot. 

The second stage is the connection stage, the host contacts the server by using the IP addresses which is encoded 

directly as a list of static IP addresses or a list of domain names, which can be static or dynamic. While this 

makes it more difficult to take down or block a specific C&C server. 

After establishing the command and control channel, the bot waits for commands to perform malicious 

activities. This stage is known as the waiting stage. 
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In the execution stage, the bot perform the malicious activities such as information theft, DDoS attacks, 

spreading malware, extortion, stealing computer resources, monitoring network traffic, spamming, phishing, etc. 

The last stage of the bot life cycle is the maintenance and updating of the malware. Maintenance is necessary if 

the botmaster wants to keep his army of zombies or to update codes for many reasons like adding new features, 

moving to another C&C server or escaping from detection techniques. 

 

Botnet phenomenon supports a wide range of malware activities, including phishing, DDoS attacks, spam 

emails, click fraud, malware distribution, etc. Botnets have caused over $9bn in losses to US victims and over 

$110bn in losses globally. The botnet infected systems in India was 25,915 in 2007 which peaked to about 6.5 

million in 2012. In 2010, McAfee Labs has detected more botnet infections almost 1.5 million was in India than 

in any other country. Approximately 500 million computers are infected every year globally, translating into 18 

victims per second. Nowadays the effects of botnet spread into the new platforms, including smart phones, 

tablets and other mobile devices. In 2014, McAfee lab reported that more than 300 new threats evolves every 

minute with mobile malwares raising by 16% and overall malwares increasing by 76% every year. Therefore, in 

future need to have a powerful security model that should be compatible to every computing device. 

 

 II. ARCHITECTURE OF BOTNET 

 

According to previous review [1], the architecture of botnet is based on how they communicate with the bots. It 

is classified into three types, they are centralized, decentralized and hybrid. 

 

2.1 Centralized 

In a centralized topology (Fig 2), all the bots report to and receive commands from a single C&C server. It 

provides good coordination and quick responses. But when the server gets fault then there won’t be any future 

communication. Examples for centralized architecture are IRC and HTTP bots. 

Star: It is the basic centralized topology. There will be only one server and the bots are connected to that server. 

By hijacking that server it will be easy for the detector to find the botmaster and bots connected to that server. 
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Hierarchical: Botnets incorporate one or more layers of proxies between the bots and botmaster. The proxies 

themselves are compromised machines serving the botmaster. If one of the proxies gets fault there won’t be any 

change in the operations. This kind of architecture is very difficult to detect.  

 

Fig. 2 Centralized Architecture 

2.2 Decentralized 

Botnets that have decentralized architecture (Fig 3) are very difficult to separate because there is no central 

server to find and to disable it. There are large numbers of bots present in this architecture; the loss of one of the 

bot does not spoil the whole network communication. Distributed: In a distributed topology, multiple servers 

control a subset of the bot family i.e. the servers are able to communicate directly with each other. If one server 

fails the nearby server take the control of the bots. There is no centralized point for failure. This architecture 

performs master and slave actions. Random: In this architecture there are no master slave actions. The 

commands can be sent and receive by any bots. This topology is robust and difficult to perform operations.   

 

Fig. 3 Decentralized Architecture 

2.3 Hybrid  

The hybrid architecture (Fig 4) contains the features of both centralized and decentralized topologies. This 

method does not exist in the real time though it is very complex. 

 

Fig. 4 Hybrid Architecture 
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III. TYPES OF BOTNET 

 

The command and control channel (C&C), the means by which individual bots form a botnet, may be classified 

according to its specific architecture and operational modes. Generally bots are classified into four types which 

are given in the Fig. 5 

 

3.1 IRC BOT 

The first generations of botnet use the Internet relay chat or IRC and the relevant channels to establish a central 

command and control mechanism. The IRC bots shown in Fig. 6, follow the PUSH approach as they connect to 

selected channels and remain in the connect state till it receives command from botmaster. The IRC botnet are 

simple to use, control and manage, but they are suffer from a central point of failure. 

 

3.2 P2P BOT 

To overcome this issue, the peer to peer architecture is used in the second generation of botnet where instead of 

having a central C&C server, the botmaster sends a command to one or more bots, and they deliver it to their 

neighbors which is depicted in the Fig. 7 

 

3.3 HTTP BOT 

Since the botmaster commands are distributed by other bots in the bot network, it is not able to monitor the 

delivery status of the commands. Furthermore, the implementation of a P2P botnet is difficult and complex. 

Hence, botmaster have begun to use the C&C again, in which the HTTP protocol is used to send the commands 

via web servers. Instead of remaining in connected mode, the HTTP bots periodically visit certain web servers 

to get updates or new commands. This model is known as PULL style and continues at a regular period which is 

specified by the botmaster. The diagrammatic representation of HTTP botnet is shown in the Fig 8. 

http://resources.infosecinstitute.com/botnets-and-cybercrime-introduction/
http://securityaffairs.co/wordpress/6545/cyber-crime/on-new-generation-of-p2p-botnets.html
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Fig. 8  HTTP Bot 

Detection of the HTTP botnet with low rate of false alarms (e.g. false negative and false positive) has become a 

notable challenge. The detection of HTTP Botnet gets even worse where the Botmasters use the legitimate 

websites (e.g. hacked servers) or normal services (e.g. social bots) to establish their command and controls. 

 

3.4 DNS BOT 

DNS is a technique that a cybercriminal can use to prevent identification of his key host server's IP address. By 

misusing the way the domain name system works, he can develop a botnet with hosts that join and leave the 

network faster.  

 

IV. LITERATURE REVIEW 

 

The EggDrop bot is one of the earliest popular IRC bot was developed in 1993 to control the interactions in 

Internet Relay Chat (IRC) chats room. Later bots designed for performing malicious activities. Bots attack 

emerging technologies like social media, cloud computing, smart phone technology, and critical infrastructure. 

Hence it is important to detect and prevent the bots in order to avoid the malicious behavior both in the host and 

network. 

Zhao et al. (2013) [2] proposed a data mining approach for botnet detection based on decision tree classification 

algorithm, achieving detection rates of 90% with false positive rate of 5%. In their work the authors capture 

network flows, splitting into multiple time windows and extracting set of twelve attributes, were used to classify 

malicious and non malicious flows. In detection technique, there were two phases namely training phase and 

detection phase. In training phase, using the existing datasets collected by honeypot, the algorithm will trained. 

In the detection phase, the botnet will be detected.   Using existing datasets, authors experimentally proved that 

it is possible to detect the presence of unknown botnet based on time interval. 

Lu et al. (2011) [3] proposed a clustering algorithm to detect the botnet. Here a payload analysis methodology 

was implemented. This methodology will analyze the characteristics of bit strings in the packet message. The 

main disadvantage is when the message are encrypted this method is not applicable. Authors design a clustering 

framework for botnet detection which consists of three components, namely feature analysis, clustering and 

botnet cluster labeling. In feature analysis, two observations were made. First, the response time of bots though 

it will be an instant reply. Next, behavior of botmaster commands though it will be automated. In clustering 

algorithm, the botnet instances and the normal instances were separated into two clusters. A high detection rate 

with low false positive rate was obtained. 

http://blog.zeltser.com/post/7010401548/bots-command-and-control-via-social-media
http://searchsecurity.techtarget.com/definition/botnet
http://searchnetworking.techtarget.com/definition/node
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Dietrich et al. (2013) [4] proposed the machine learning approaches for detecting the C&C botnet. Initially the 

known malware traces are gathered. The authors have chosen three features for traffic analysis process. They are 

protocol of the C&C protocol, length of the packet and finally the number of distinct byte values in the query 

section of the HTTP request URI. By using hierarchical clustering, the centroids for the known malwares were 

calculated. Thus classification was done for the unknown flows where the training is based on the cluster’s 

centroids and the bot flows can be detected. 

A new framework is proposed by Choi et al. (2012) [5] for detecting DNS botnet namely BotGAD (Botnet 

Group Activity Detector). The BotGAD framework consist of five main components namely data collector, data 

mapper, correlated domain extractor, matrix generator and similarity analyzer. By calculating the similarity 

score for the matrixes, the botnet were detected. The BotGAD can be used to detect the botnet in real time and 

also unknown bots can be detected here. But the botnet using DNS protocol were only be detected by this 

framework.  

In this paper P2P botnet were detected by analyzing the communicational behavior of the command and control 

request packets. Zhang et al. (2014) [6], initially identifies the P2P clients in the network. Then statistical 

fingerprints of the P2P communications were analyzed for the detection purpose. A flow clustering method is 

used for detecting the P2P botnet. The evaluation results shows 100 % detection rate for P2P botnet. 

Meng et al. (2014) [7] developed an adaptive blacklist-based packet filter which is a statistic-based approach 

aiming to improve the performance of a signature-based NIDS. The filter consists of two parts namely blacklist 

packet filter and a monitor engine. The blacklist packet filter is the component that filters out network packets 

by comparing packet payloads with stored signatures. The actions of the monitor engine are monitoring the 

NIDS, collecting the statistical data and calculating the confidences of IP addresses. It is responsible for 

updating the blacklist in a fixed time. Advantages of this Adaptive blacklist-based packet filter algorithm are 

Adaptive to the real context, reduction of the processing time, defend against IP spoofing. 

Wang et al. (2011) [8] proposed a behavior-based botnet detection system based on fuzzy pattern recognition 

techniques. This system is deployed to identify bot-relevant domain names and IP addresses by analysing 

network traces. After identified Domain names and IP addresses used by botnets then that information can be 

further used to prevent protected hosts from becoming one member of a botnet. The system consists of two 

phases namely the DNS phase and the network flow phase. In the DNS phase, detection of bots based on DNS 

features is done. In the network flow phase, detection of bots based on network flow features is carried out. 

Advantage of this algorithm is the ability to find inactive bots. 

Botnets often use IRC (Internet Relay Chat) as a communication channel through which the botmaster can 

control the bots to perform attacks or launch more infections. Chen et al. (2014) [9], proposed anomaly score 

based botnet detection in order to identify the botnet activities by analysing the similarity measurement and the 

periodic characteristics of botnets. To improve the detection rate, the proposed system employs two-level 

correlation. This method can differentiate the malicious network traffic generated by infected hosts from the 

normal IRC clients. Advantage of this detection system is ability to find the IRC bots at the communication 

stage. 

Network traffic monitoring and analysis-related research has struggled to scale for huge amounts of data in real 

time. Kamaldeep et al. (2014) [10], designed a scalable implementation of real time intrusion detection system 
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using the open source tools like Hadoop, Hive and Mahout. This implementation is used to detect Peer-to-Peer 

Botnet attacks using Random Forest machine learning algorithm. The technologies underlying this framework 

are Libpcap, Hadoop, MapReduce and Mahout. The Random Forest Algorithm was chosen because the problem 

of Botnet detection has the requirements of high accuracy of prediction and has ability to handle diverse bots.  

Huang et al. (2013) [11], proposed an effective solution to detect bot hosts within a monitored local network by 

tracking failures generated by a single host for a short period. The proposed system can be divided into two 

parts namely, the training phase and the detection phase. In the training phase, collect numerous benign traces, 

peer-to-peer application traces, and bot traces and then filter out non-failures, extract features from failure flows 

after which build the classification model using the C4.5 algorithm. In the detection phase, the process is similar 

to the training phase but it make use of the knowledge gained in training phase and analyse the data using those 

knowledge. The performance of the proposed solution depends on both training traces and selected features.  

 

 V. BOTNET DETECTION TECHNIQUE 

 

Botnet detection technique can be classified based on their structure, protocols and behavior. Here the detection 

techniques are classified into three types based on tracking the components of botnet. They are bot detection, 

C&C detection and botmaster detection. 

 

5.1 Bot detection  

Detection does not depend on the bot family. Find whether the machine gets infect by botnet. 

 

5.2 C&C detection  

Detection of the C&C server or channel through which a central authority (i.e., the botmaster) may issue 

commands to his army of zombie machines and essentially take full control over the infected machines. 

 

5.3 Botmaster detection  

Most of the current botnet detection approaches work only on specific botnet command and control (C&C) 

protocols (e.g., IRC) and structures (e.g., centralized), and can become powerless when botnets change their 

approaches. Hence it is essential to detect Botmaster who giving commands to army of zombie machines. These 

three botnet detection are again classified into two types, namely passive detection and active detection. 
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In active detection methods, packets are injected into the network to measure network response whereas passive 

detection techniques observe data traffic in the network and look for presence of any suspicious 

communications. Active and Passive detection can also be future classified and it is shown in the Fig. 11 and 

Fig. 12 

 

 

VI. EFFECTS OF SOME BOTS 

 

 Festi - is also known as a king of spam is one of the most powerful spam and DDoS attackers since 2009  

 GOZeus - short for Gameover Zeus is a peer-to-peer variant of the Zeus family of malware, designed to 

steal    bank log-in credentials (2011) 
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 Zitmo - short for Zeus in the mobile designed for mobile devices has stolen information, from more than   

30,000 banking customers(2012) 

 Brobot - powerful botnet, used to launch distributed denial-of-service (DDoS) attacks in almost 50 banks in 

America( 2013) 

 Malwares taking control of smart appliances such as Television, Air conditioners, Refrigerators etc. 

 Smart refrigerator act as bot when connecting to the internet and used to send thousands of malicious 

emails. 

Table 1: History of Botnet 

 

 

 

 

 

 

 

 

 

Year Botnet Name Description Size Company Taken 

Down 

1993 EggDrop C&C <1,000 - 

: : : : : 

2009 Waledac 1.5 Billion spam mail/day 80,000 Microsoft 

2008 Srizbi One of the world’s largest 

botnet 

40% of all the spam McColo 

2011 TDL-4 P2P 4.5 millions Kaspersky 

2012 Grum 18000 Spam mail /day 

World’s 3
rd

largest 

560,000–840,000 Fireeye 

2012 Carna Internet census of 2012 420,000 - 

2013 Zeus Bank malware $70 million 163,812 Microsoft 

June 2013 Citadel Steal more than half a 

billion dollars 

More than 5 million Microsoft 

February 

2013 

Bamital - More than 8 million 

computers 

Microsoft 

2013 Zeroaccess $2.7million/month Bit coin 

miner 

2 million victims Microsoft 
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Table 2: Comparative Study of Detection Techniques 

 
 

VII. CONCLUSION 

 

From the previous studies and research work it can be concluded that Botnet connection has specific network 

flow characteristics in which frequent communication happens between C&C and infected machine. To detect 

botnet, network flow analysis is the best approach. Data mining algorithms and machine learning approaches are 

easily applicable on network flow information. 

Classification, Clustering, Fuzzy Logic and Artificial Intelligence related approach already been implemented 

for botnet detection. Most of the botnet detection methods identified the bots by analyzing the offline data and 

hence, need an approach to implement detection techniques in real time.  As new bots evolving every day, it is 

important to enhance the detection techniques. 
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ABSTRACT 

The security based applications need sensitive data transfer between different nodes or 

destinations. In order to increase the speed and to reduce the hardware complexity, this 

proposed system focuses on the VLSI implementation of light weight security algorithm such as 

Tiny Encryption Algorithm (TEA) which can be designed and implemented in VLSI to adapt with 

many real time constraints such as memory, high throughput and low delay. The additive feature 

of this proposed system is that it uses Key Generation Unit (KGU) to produce the random key to 

make it optimal for sensitive data transfer in many real-time applications. The proposed system 

achieved 1.5Mb/sec of throughput while compared with conventional throughput of 

0.8758Mbits/sec and also the proposed system consumed 14.918ns of delay. 

Keywords: Cryptosystem, Key Generation Unit , Tiny Encryption Algorithm.  

I.INTRODUCTION 

Secret  key establishment is a fundamental requirement for private communication between two entities. Currently, 

the most common method for establishing a secret key is by using public key cryptography. However, public key 

cryptography consumes significant amount of computing resources and power which might not be available in 

certain scenarios (e.g., sensor networks). More importantly, concerns about the security of public keys in the future 

have spawned research on methods that do not use public keys. Quantum cryptography [7], [26] is a good example 

of an innovation that does not use public keys. It uses the laws of Quantum theory, specifically Heisenberg’s 

uncertainty principle, for sharing a secret between two end points. Although quantum cryptography applications 

have started to appear recently [12], they are still very rare and expensive. Aless expensive and more flexible 

solution to the problem of sharing secret keys between wireless nodes (say Alice and Bob) is to extract secret bits 

from the inherently random spatial and temporal variations of the reciprocal wireless channel between them [6], 
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[20], [18], [5], [24]. Essentially, the radio channel is a time and space-varying filter, that at any point in time has the 

identical filter response for signals sent from Alice to Bob as for signals sent from Bob to Alice. Received signal 

strength (RSS) is a popular statistic of the radio channel and can be used as the source of secret information shared 

between a transmitter and receiver. We use RSS as a channel statistic, primarily because of the fact that most of the 

current of-the-shelf wireless cards, without any modification, can measure it on a per frame basis. The variation over 

time of the RSS, which is caused by motion and multipath fading, can be quantized and used for generating secret 

keys. The mean RSS value, a somewhat predictable function of distance, must be filtered out of the measured RSS 

signal to ensure that an attacker cannot use the knowledge of the distance between key establishing entities to guess 

some portions of the key. These RSS temporal variations, as measured by Alice and Bob, cannot be measured by an 

eavesdropper (say Eve) from another location unless she is physically very close to Alice or Bob. However, due to 

nonideal conditions, including limited capabilities of the wireless hardware, Alice and Bob are unable to obtain 

identical measurements of the channel. This asymmetry in measurements brings up the challenge of how to make 

Alice and Bob agree upon the same bits without giving out too much information on the channel that can be used by 

Eve to recreate secret bits between Alice and Bob. 

 

II.LITERATURE SURVEY 

Azimi-Sadjadi et al. [6] suggested using two well-known techniques from quantum cryptography—information 

reconciliation and privacy amplification, to tackle the challenge caused by RSS measurement asymmetry. 

Information reconciliation techniques (e.g., Cascade [9]) leak out minimal information to correct those bits that do 

not match at Alice and Bob. Privacy amplification [15] reduces the amount of information the attacker can have 

about the derived key. This is achieved by letting both Alice and Bob use universal hash functions, chosen at 

random from a publicly known set of such functions, to transform the reconciled bit stream into a nearly perfect 

random bit stream. Most of the previous research work on RSS-based secret key extraction, including that of Azimi-

Sadjadi et al. [6], is based on either simulations or theoretical analysis. Other than the recent work by Mathur et al. 

[20] that was performed in a specific indoor environment, there is very little research on evaluating how effective 

RSS-based key extraction is in real environments under real settings. We address this important limitation of the 

existing research in this paper with the help of wide-scale real life measurements in both static and dynamic 

environments. In order to perform our measurements and subsequent evaluations, we implement different RSS 

quantization techniques in conjunction with information reconciliation and privacy amplification. Eve can also 

measure both the channels between herself and Alice and Bob at the same time when Alice and Bob measure the 

channel between themselves for key extraction. We also assume that Eve knows the key extraction algorithm and 

the values of the parameters used in the algorithm. However, we assume that Eve cannot be very close (less than a 

few multiples of the wavelength of the radio waves being used [20]) to either Alice or Bob while they are extracting 

their shared key. This will ensure that Eve measures a different, uncorrelated radio channel [11]. 
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III.PROPOSED SYSTEM 

The proposed system implements the above statements using the light-weighted, secure and efficient block cipher 

TEA in VLSI. It focuses on the block cipher which allows feasibility for the key generation and these generated 

keys are used for Cryptographic applications with reduced hardware complexity.  

 

Fig.1: Block Diagram of Proposed System 

3.1 TEA Algorithm  

TEA is the Tiny Encryption Algorithm which operates on 64 (block size) data bits at a time using a 128-bit key with 

32 rounds. TEA is an iteration cipher, where each round i has inputs M0[i-1] and M1[i-1], which is derived from the 

previous round. The sub key K[i] is derived from the 128 bit overall K. 

 

Fig.2: Encryption Architecture 

3.1.1 Procedure for TEA Encryption 

Step1:The one half M1[i-1] of the block cipher is Left shifted by 4 times and Right shifted 5 times. 
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Step2.:The left shifted block is added with the subkey K0 and right shifted block is added with the subkey K1. 

Step3: It is also added with the constant delta value DELTA[i] which is the multiples of delta, where i represents the 

number of iterations. 

Step4:The results are then Ex–ORed and added with the other half of the block cipher M0[i-1] which produces one 

half of the block cipher M0 for next iteration. 

Step5: Similar operations are performed for the next half round function with the above result.  

 

Fig.3: Decryption Architecture 

Since, the TEA has a Feistel structure the reverse operation of encryption process is performed to obtain the plain 

text in the decryption process. 

3.2 Key Generation Unit  

In secret-key cryptography, two or more parties share the same key, which is used to encrypt and decrypt data. The 

key must be kept secret, and the parties who share a key rely upon each other not to disclose the key and to protect it 

against modification.It Provides  the required key value.Key Generation unit generate the required 128 bit 

key.Single KGU generate 16bit key.Total 8KGU needed to generate four 32bit key values.Shifting, swapping & 

rearranging are the main functional transformations.In the Tiny decryption algorithm, there are 32 rounds of 

iterations. It get the 128bit key value from the Key generation unit. In each iteration, the delta value ―9E3779B9‖ is 

subtracted with the constant delta value.  
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IV.SIMULATION RESULTS 

In order to increase the throughput and to reduce the hardware complexity & power, this proposed system focuses 

on the light weight security algorithm Tiny Encryption Algorithm TEA which can be implemented in VLSI module. 

By running the TEA Algorithm in ModelSim & Xilinx ,valuable results are obtained.  
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V.CONCLUSION & FUTURE WORK 

In order to increase the throughput and to reduce the hardware complexity & power, this proposed system focuses 

on the light weight security algorithm Tiny Encryption Algorithm which can be implemented in VLSI module. The 

system employs with a light-weight block cipher and offers low power and area consumption. The additional feature 

of this system is the usage of KGU to generate the 128bit key which still improves the security of data transfer with 

low power consumption & this can be needed for sensitive & secure data transfer. Systems design techniques can 

lower the computational complexity, effectively reduce the decomposing latency and Low Power Consumption is 

achieved. The proposed Cryptosystem achieves a higher throughput rate of 1.5Mbits/sec than that of other related 

works. Moreover, it resulted with Power consumption of 81mW, Current consumption of 46mA & Delay of 

14.918ns. Therefore, the proposed Cryptosystem is very suitable for the area efficient cryptographic processor for 

speed-critical cryptographic applications. 

ADVANTAGES 

 Achieve sensitive & secure data transfer. 

 Key Generation Unit (KGU) is the special additive feature which is meant for sensitive data transfer in 

many real-time applications. 

 Implementing TEA with VLSI in order to achieve Low Power Consumption. 

 Real time constraints such as memory, area, data loss and low cost are properly managed. 

 Significant application in RFID tags, Smart cards, Wireless sensor nodes. 
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ABSTRACT 

 

Colorectal cancer is one of the types of cancer caused in the region of colon. The women affected by this 

colon cancer in high rate compared to men with the mortality reaching to about 50% of the incidence. 

The major precursor of colon cancer is colorectal polyps. If we left the polyp untreated colon cancer may 

develop. Colon capsule endoscopy is a minimally and safe invasive examination procedure, a small size 

of capsule is ingested to the patient through on board digital cameras of capsule the intestine images are 

obtained. The video sequence is then analyzed for the presence of polyps. We propose pixel level image 

fusion algorithm to fuse the contents of consequence two images from the video sequence. Then, the 

ANFIS classifier is used to segment the colon tumor from the fused image. This segmented tumor image is 

compared with ground truth image to analyze its performance in terms of sensitivity and specificity. The 

performance results are compared with other state of arts. 

Keywords: ANFIS classifier, capsule colon endoscopy (CCE), colorectal cancer, computer aided 

detection, image diagnosis, polyp deduction.  

 

I. INTRODUCTION 

Colorectal cancer is the second leading cause of cancer in women and the third most common cause in men [18], 

than lung cancer. The major risk of colon cancer is reduced by primary detection and removal of colonic polyps. 

Colorectal cancer develops inside the region of colon and rectum. The essential precursors of colon cancer are 

colorectal polyps. Benign stage of tumors may develop as malignant tumor if we left the polyp untreated. Colon 

capsule endoscopy (CCE) [1], [8], [9], [12], [17] is a feasible alternative to conventional examination methods, such 

as the colonoscopy or computed tomography (CT) colonography [10]. In CCE, a small size imaging device in the 

form of capsule, is ingested by the patient. As the capsule moves via the patient’s gastrointestinal tract, the on board 

digital cameras record the surrounding images of intestine. After recording, the digital images are transmitted to a 

recording device wirelessly taken by the patient. Per second 2 to 30 or more frames are captured from the capsule 
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depending on the model, with the low frame rate devices being prevalent currently. The presence of polyps is 

analyzed after the complete video sequences are recorded. Analysis of all frames manually is such burdensome tasks 

because thousands of frames are collected from single patient. To reduce such difficult task an automated procedures 

is used for detecting polyps in the frames. Thus, an efficient algorithm is used for detecting the polyp accurately 

with high specificity to reduce the manual analysis of the frames. 

II. RELATED WORK 

The proposed algorithm of polyp detection is depending on retrieving certain geometric details from the frames 

captured by the colon capsule endoscopic camera. It is not a new approach, as it has been noticed before that the 

polyps can be characterized as protrusions from the surrounding mucosal tissue [11], [20] which was used in CT 

colonography and in the analysis of conventional colonoscopy videos [4], [5], [20]. Computation of protrusion 

measure is one of the natural process but the detection of polyp frame measure is difficult task. However, this leads 

to an issue that was also observed in the above mentioned works. The major problem is distinguishing between the 

polyp protrusions and the numerous folds of mucosal tissue. These issues can be alleviated by some segmentation of 

images that helps the computation of the protrusion measures easier [6], which is what we do in this work as well. A 

particular choice of a measure of protrusion is of crucial importance. Most of the authors have proposed the use of 

principal curvatures and the similar quantities, such as curvedness and the shape index or mean curvatures and the 

Gaussian [11]. The main drawback of such approaches is that the curvature computation is depends on 

differentiation of the image, which must be approximated by finite differences. 

    

III. PROPOSED METHOD 

In proposed method, ANFIS classifier is used to deduct the polyp or not. During diagnose the polyp get 

differentiated as whether it is malignant or benign tumor. 
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3.1. Preprocessing 

The median filter is applied over the colon image to remove the noises. The median filter works on the principle of 

selecting and replacing, median value among the selected 3*3 pixel window in the colon image. 

 

3.2 Tumor segmentation 

Colon tumor is segmented from the preprocessed colon images after enhancement.segementation is done to separate 

the image into two or more sub modules. Global thresholding technique is used for segmentation. 

 

3.3. Feature extraction 

3.3.1. Local Binary Pattern (LBP) 

The local binary pattern (LBP) feature has emerged as a silver lining in the field of texture classification and 

retrieval. For texture classification LBP are converted to a rotational in-variant version. Various extensions of the 

LBP, such as LBP variance with local patterns with joint distribution of Gaussian mixtures, completed LBPs, 

dominant LBPs,   global matching, etc., are used in proposed method of rotational invariant texture classification.  

Nowadays, imaging technologies have permitted researchers to collect a large number of digital images in the image 

retrieval domain. Developing an automatic system for search, retrieval, or classification of images from their 

databases is a very important issue. The local binary pattern (LBP) is one of the most used texture descriptors in 

image retrieval analysis. 

The colon image is divided into several regions from which the LBP feature distributions are extracted and 

concatenated into an enhanced feature vector to be used as an image feature descriptor.  

 

3.3.2. Local Ternary Pattern (LTP)  

LBP is extended to a three-valued code called the LTP, in which gray values in the zone of width  around   are 

quantized to zero, those above   (  + t) are quantized to +1, and those below ( - t) are quantized to -1, i.e.,  

indicator is replaced with three-valued function and the binary LBP code is replaced by a ternary LTP code, as 

shown in the figure 

( , ,t) =                                        (1) 

The standard local binary pattern (LBP) and local ternary pattern (LTP) encode the relationship between the 

referenced pixel and its surrounding neighbours by computing gray-level difference. 
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3.4 Classifier 

The extracted features are trained using ANFIS classifier in training mode. In the same way, the features are 

extracted from test colon image and these features are classified with trained features to classify the colon cells in to 

benign and malignant. The ANFIS architecture is shown in Figure 3. The circular nodes in the figure are fixed nodes 

and the square nodes have parameters to be trained. For an ANFIS adaptive network with fixed premise parameters, 

the output is linear in the consequent parameters. The total parameter can be categorized into three: 

S= set of total parameters 

S1= set of premise parameters 

S2= set of consequent parameters 

 

 

 

 

 

 

                                                  Fig.2. ANFIS architecture employed in proposed method 

ANFIS employs a 2-pass supervised learning algorithm, which consists of, a Forward Pass and a Backward Pass. 

The steepest descent algorithm is used along with the least squares algorithm to adapt to the parameters in this 

ANFIS algorithm 

3.4.1. The Forward Pass 

Here S1 is fixed and S2 is estimated using a Least Squares algorithm. The procedure is as follows: 

Step 1: Feed the input vector 

Step 2: at each layer and at each node output are computed 

Step 3: Repeat for all data A until y is produced 

Step 4: Find the parameters in S2 using Least Squares 

Step 5: Each training pair error are calculated 
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3.4.2. The Backward Pass 

Here S2 is fixed and S1 is estimated using back propagation. The parameters in S1 are updated by back propagation 

for given fixed values of S1 and these parameters are assured to be the global optimal point. 

IV. EXPERIMENTAL RESULTS 

In this section, the statistical analysis result is provided according to the test methodology outlined in section III. 

Colon image is collected from the capsule colon endoscopy. Original colon image is converted into gray 

scale. The noise gets removed by using median filter. Query image is splited into many region from which the 

feature of local binary pattern are extracted which is shown in fig 3. 

 

                         

                Fig.3. (a) Test colon image     (b) Median filtered image     (c) Extracted Local Binary pattern 

By replacing the local binary pattern into three valued as (-1,0,1) using equ (1) local ternary pattern image get 

obtained.              

              

                           Fig.4. (a), (b) Extracted local ternary pattern               (c) polyp identified image 

Polyp is identified by using the ANFIS classifier algorithm. Fig.4.shows the malignant colon tumor region with the 

accuracy of 96.7%.Then proposed result is compared with ground truth image which is shown in fig.5                                           
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Fig.5. (a).Ground truth image (b).Proposed segmentation result 

In our testing method, the target is set to achieve the specificity at 95%.In conventional method the sensitivity and 

specificity at 81.25% and 93.27% have obtained respectively is shown in table .2.             

 

        

 Table.1. Performance Analysis                                        Table.2. Performance Comparison 

ANFIS classifier is used in all data set with the appropriate threshold value the specificity of 98.4% is obtained. 

With the same specificity level, the sensitivity of 98.4% is achieved in similar polyp is shown in table 1. 

                                    

                                                  Fig.6. Performance comparison Chart 
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The difference between sensitivity and specificity range of conventional and proposed method is shown in the fig.6. 

The accuracy level of 96.5% is obtained. 

V. DISCUSSION 

 In this paper, automated polyp detection of colon polyp in image retrieved from the colon capsule endoscopy. The 

deduction of polyp is a challenging factor due to the presence of many folds in mucosal tissues, vignetting, bubbles 

and trash liquids.to overcome all these issues and the detection of polyp automatically obtained using ANFIS 

classifier. High range of Sensitivity per polyp with similar important of the high sensitivity range per patient also 

achieved through the statistical analysis of the algorithm i.e., reduced false positive polyp detection of per patient.  
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ABSTRACT 

This paper is based on mobile ad hoc network (MANET). As it is seen there is a rapid change in the technology 

or technology will increase , diverse sensing and mobility capacities has become available to the devices and 

consequently the mobile ad hoc network (MANET) are used to perform so many important task related to it. In 

this paper the proposed work related with the power or energy of node wills efficiently used with the dynamic 

path algorithm which is named as EESRDA (Energy Efficient source Routing Using Dynamic Algorithm). The 

node above minimum battery power will not include in the shortest path routing. This will increase the life of the 

network. In this project work we use dynamic source routing protocol by which we can find out the shortest path 

among the different node. The energy efficient metric which will use to manage the power consumption. In our 

work we mention the number of node with their battery power, path, distance, and connectivity with each other. 

As we find the shortest path and particular network is used many times the battery is being consumed. If battery 

power is below the minimum the particular will change and another shortest path used for the network for 

further communication. By doing this work we surely get the benefit of using the network connectivity for long 

time, which will give the maximum utilization of the network and the throughput. 

 

Keywords: EESRDA, MANET, Dynamic Path, Shortest Path, Mobility 

 
I INTRODUCTION  
 

MANET Stands for "Mobile Ad Hoc Network." A MANET is a type of Adhoc network that can change 

locations and configure itself on the fly. Because MANETS are mobile, they use wireless connections to 

connect to various networks. This can be a standard Wi-Fi connection, or another medium, such as a cellular or 

satellite transmission. 

Some MANETs are restricted to a local area of wireless devices (such as a group of laptop computers), while 

others may be connected to the Internet. For example, A VANET (Vehicular Ad Hoc Network), is a type of 

MANET that allows vehicles to communicate with roadside equipment. While the vehicles may not have a 

direct Internet connection, the wireless roadside equipment may be connected to the Internet, allowing data from 

http://techterms.com/definition/adhocnetwork
http://techterms.com/definition/wi-fi
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the vehicles to be sent over the Internet. The vehicle data may be used to measure traffic conditions or keep 

track of trucking fleets. Because of the dynamic nature of MANETs, they are typically not very secure, so it is 

important to be cautious what data is sent over a MANET. 

1.1 Applications of MANETs 

1.1.1. Military Scenarios: MANET supports tactical network for military communications and 

automated battle fields. 

1.1.2.  Rescue Operations: It provides Disaster recovery,means replacement of fixed infrastructure 

network in case of environmental disaster. 

1.1.3.  Data Networks: MANET provides support to the network for the exchange of data between 

mobile devices. 

1.1.4. Device Networks: Device Networks supports the wireless connections between various mobile 

devices so that they can communicate. 

1.1.5. Free Internet Connection Sharing: It also allows us to share the internet with other mobile 

devices. 

1.1.6. Sensor Network: It consists of devices that have capability of sensing, computation and wireless 

networking. Wireless sensor network combines the power of all three Of them, like smoke 

detectors, electricity, gas and water meters. 

 

II ROUTING 

In internetworking, the process of moving a packet of data from source to destination. Routing is usually 

performed by a dedicated device called a router. Routing is a key feature of the Internet because it enables 

messages to pass from one computer to another and eventually reach the target machine. Each intermediary 

computer performs routing by passing along the message to the next computer. Part of this process involves 

analyzing a routing table to determine the best path. 

Routing is often confused with bridging, which performs a similar function. The principal difference between 

the two is that bridging occurs at a lower level and is therefore more of a hardware function whereas routing 

occurs at a higher level where the software component is more important. And because routing occurs at a 

higher level, it can perform more complex analysis to determine the optimal path for the packet.  

 

III ENERGY EFFICIENT ROUTING PROTOCOL 

Routing is one of the key issues in MANETs due to their highly dynamic and distributed nature. In particular, 

energy efficient routing may be the most important design criteria for MANETs since mobile nodes will be 

powered by batteries with limited capacity. Power failure of a mobile node not only affect the node itself but 

also its ability to forward packets on behalf of others and thus the overall network lifetime. For this reason, 

many research efforts have been devoted to developing energy aware routing protocols. 

3.1 Routing Protocols 

Routing is a very challenging task in mobile ad hoc networks. 

http://www.webopedia.com/TERM/I/internetworking.html
http://www.webopedia.com/TERM/P/packet.html
http://www.webopedia.com/TERM/S/source.html
http://www.webopedia.com/TERM/D/destination.html
http://www.webopedia.com/TERM/R/router.html
http://www.webopedia.com/TERM/I/Internet.html
http://www.webopedia.com/TERM/H/hardware.html
http://www.webopedia.com/TERM/S/software.html
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 Nodes Mobility and link failure/repair may cause frequent route changes. 

 Routing protocol must be distributed, with a minimal overhead.  

 

3.2 Routing Protocols Categories  
 

3.2.1 Proactive (Table-Driven) Routing Protocols 

With table-driven routing protocols, each node attempts to maintain consistent, up-to-date routing information to 

every other node in the network. This is done in response to changes in the network by having each node update 

its routing table and propagate the updates to its neighboring nodes. Thus, it is proactive in the sense that when a 

packet needs to be forwarded the route is already known and can be immediately used. As is the case for wired 

networks, the routing table is constructed using either link-state or distance vector algorithms containing a list of 

all the destinations, the next hop, and the number of hops to each destination. Many routing protocols including 

Destination-Sequenced Distance Vector (DSDV) and Fisheye State Routing (FSR) protocol belong to this 

category, and they differ in the number of routing tables manipulated and the methods used to exchange and 

maintain routing tables. 

 Ex: Destination Sequenced Distance Vector  Routing (DSDV), Link State Routing (LSR). 

3.2.2 Reactive (On-Demand) Protocols 

With on-demand driven routing, routes are discovered only when a source node desires them. Route discovery 

and route maintenance are two main procedures: The route discovery process involves sending route-request 

packets from a source to its neighbor nodes, which then forward the request to their neighbors, and so on. Once 

the route-request reaches the destination node, it responds by unicasting a route-reply packet back to the source 

node via the neighbor from which it first received the route-request. When the route-request reaches an 

intermediate node that has a sufficiently up-to-date route, it stops forwarding and sends a route-reply message 

back to the source. Once the route is established, some form of route maintenance process maintains it in each 

node‟s internal data structure called a route-cache until the destination becomes inaccessible along the route. 

Ex: Dynamic Source Routing (DSR), Ad hoc On-demand Distance Vector routing (AODV)  

3.2.3 Hybrid routing protocols 

Hybrid Routing, commonly referred to as balanced-hybrid routing, is a combination of distance-vector routing, 

which works by sharing its knowledge of the entire network with its neighbors and link-state routing which 

works by having the routers tell every router on the network about its closest neighbors. 

http://www.webopedia.com/TERM/R/Routing_Information_Protocol.html
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Hybrid Routing is a third classification of routing algorithm. Hybrid routing protocols use distance-vectors for 

more accurate metrics to determine the best paths to destination networks, and report routing information only 

when there is a change in the topology of the network. Hybrid routing allows for rapid convergence but requires 

less processing power and memory as compared to link-state routing. 

Ex: Zone Routing Protocol (ZRP), Zone-based Hierarchical Link State (ZHLS)  

 

IV RELATED RESEARCH WORK 

Most of the previous work on routing in wireless ad-hoc networks deals with the problem of finding and 

maintaining correct routes to the destination during mobility and changing topology. Shortest path algorithm is 

used in this strongly connected backbone network. 

 

4.1 Reactive Energy-Aware Routing 

With on-demand driven routing, routes are discovered only when a source node desires them. Route discovery 

and route maintenance are two main procedures: The route discovery process involves sending route-request 

packets from a source to its neighbor nodes, which then forward the request to their neighbors, and so on. Once 

the route-request reaches the destination node, it responds by uni-casting a route-reply packet back to the source 

node via the neighbor from which it first received the route-request. When the route-request reaches an 

intermediate node that has a sufficiently up-to-date route, it stops forwarding and sends a route-reply message 

back to the source. Once the route is established, some form of route maintenance process maintains it in each 

node's internal data structure called a route-cache until the destination becomes inaccessible along the route. 

Note that each node learns the routing paths as time passes not only as a source or an intermediate node but also 

as an overhearing neighbor node. In contrast to table-driven routing protocols, not all up-to-date routes are 

maintained at every node. Dynamic Source Routing (DSR) and Ad-Hoc On-Demand Distance Vector (AODV) 

are examples of on-demand driven protocols 

 

4.2 DSR Protocol 

Through the dynamic source protocol has many advantages it does have some drawback, which limits its 

performance in certain scenarios. The various drawbacks of DSR are as follows:- DSR does not support 

multicasting. The data packet header in DSR consists of all the intermediate route address along with source and 

destination, thereby decreasing the throughput. DSR sends route reply packets through all routes from where the 

route request packets came. This increases the available multiple paths for source but at the same time increases 

the routing packet load of the network. Current specification of DSR does not contain any mechanism for route 

entry invalidation or route prioritization when faced with a choice of multiple routes. This leads to stale cache 

entries particularly in high mobility it first received the route-request. When the route-request reaches an 

intermediate node that has a sufficiently up-to-date route, it stops forwarding and sends a route-reply message 

back to the source. Once the route is established, some form of route maintenance process maintains it in each 

node's internal data structure called a route-cache until the destination becomes inaccessible along the route. 

Note that each node learns the routing paths as time passes not only as a source or an intermediate node but also 

http://www.webopedia.com/TERM/A/algorithm.html
http://www.webopedia.com/TERM/M/memory.html
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as an overhearing neighbor node. In contrast to table-driven routing protocols, not all up-to-date routes are 

maintained at every node. Dynamic Source Routing (DSR) and Ad-Hoc On-Demand Distance Vector (AODV) 

are examples of on-demand driven protocols 

V GOAL OF PROJECT 

Develop a protocol such that 

 Reduce and balance the energy consumption of whole communication system 

 Increase lifetime of nodes/network until partition 

 Increase the delivery rate of packets 

Energy Efficient Routing Metrics 

There are three important metrics in power aware routing: 

 Minimal Energy Consumption per Packet 

 Maximize Network Connectivity 

 Minimum Variance in Node Power Level 

Proposed Scheme 

 Energy Efficient Source Routing Protocol 

 EESR works in a similar manner with DSR, a well-known on demand routing protocol. 

 We concentrate on issues of reducing power consumption in transmission mode. There are two ways to 

achieve this: 

1. Using a proper route and proper power to transmit.  

2. Reducing routing overhead. 

 

5.1 Cost Metric of EESR 

EESR  finds a route at route discovery time t such that the following cost function is minimized 

 

 

Where the power cost metric is defined by 

 

 

 

 dij is distance between two nodes i and j. 

 Fj full battery capacity of node j,  

 Rj(t)     remaining battery capacity of node j at time t  and  

 α is a weighting factor  

 

5.2 Energy Efficient Source Routing Protocol 

Instead of using maximum power to transmit all the time, the EESR adjusts the transmission power according to 

received signal strength. 
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Received Signal 

Strength 

Used transmission Power Region 

Pr1< Pr <= Pr2 Pt1 = Ptxmax 1 

Pr2< Pr <= Pr3 Pt2 = Pt1 –(Pr2 – Pr1 ) + P 2 

Pr3< Pr <= Pr4 Pt3 = Pt1 –(Pr3 – Pr1 ) + P 3 

Pr4< Pr <= Pr5 Pt4 = Pt1 –(Pr4 – Pr1 ) + P 4 

Pr5< Pr Pt5 = Pt1 –(Pr5 – Pr1 ) + P 5 

 

5.3 Route Discovery Algorithm 

a) The Source node initiates the connection by flooding RREQ‟s to the neighbors and  also sets the Cost 

(Ns) = 0 before sending the request      

b) Every intermediate node Ni which are have energy greater than   threshold Te, only forwards request to  

neighbors Nj within its range.   

c) On receiving the RREQ every intermediate node starts a timer Tr, computes metric and cost of the path 

Cost (Nj) = Cost (Ni) +metric(Ni, Nj) as mini-cost.  

d) If additional RREQ‟s arrive with same destination and sequence number within time and the cost of the 

newly arrived RREQ packet has a lower cost than min cost is changed to this new value, and the new 

RREQ packet is forwarded otherwise RREQ packet is discarded. 

e) Tx-power is also added to RREQ packet, which is computed using received signal strength. 

f) The destination waits Tr of seconds after the first RREQ packet arrives. The destination examined the 

cost of the route of every arrived RREQ packet. When the timer Tr expires the destination  selects the 

route with minimum  cost 

g) If two or more paths same cost value, the one received first is preferred. Then the destination initiates 

route reply packet sends it to the source along the reverse path.  

h) Every node which is in route reply (route request) adds this route and the value of needed transmission 

power to its neighbor in its cache table. 

 

5.4 Route Maintenance 

Route maintenance is needed for two reasons: 

1. Mobility: Connections between some nodes on the path are lost due to their movement. 

2. Energy Depletion: The energy resources of some nodes on the path may be depleting too quickly. 

 

5.5 Improvements of EESR over DSR 

 EESR applies an energy threshold in route discovery. 

 New path cost function is used in route selection.  

 The transmission power is controlled to the minimum level that packets can be correctly received. 
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5.5.1 Mathematical Analysis of EESR 

Theorem 1: If a node „A‟ between source S and destination  

D, with distance  

 

From S, where  

Then cost of the path is optimum. 

Theorem 2: In ad hoc network, assume mobile nodes in a network are and each node has neighbors then the 

probability that there is a path with only i-links i>1 between any two nodes is  

VI SIMULATION MODEL 

 The maximum transmission power as 281mW (24.45dBm) and calculated the received power levels by 

using equation for different distances of 250, 200, 150, 100 and 50 and set to Pr1….Pr5. 

RECEIVED SIGNAL USED TRANSMISSION 

POWER 

P 

-64.46< PR <= -62.52  PT1 = 24.45DBM  - 

-62.52< PR <= -60.02  PT2 = 22.71DBM  0.2 DBM 

-60.02< PR <= -56.50  PT3 = 20.26DBM  0.25 DBM 

-56.50< PR <= -50.48  PT4 = 16.79DBM  0.3 DBM 

-50.48< PR  PT5 = 10.97DBM  0.5 DBM 

 

VII SIMULATION RESULT 
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7.1 Analysis 

The simulation results show that, EESR-AT and EESR-CT  

Have 

 10 % ~30 % more remaining power than DSR. 

 20 % ~ 50 % lower SDE  

 Packet delivery rate about 5% ~15 % higher than DSR. 

 It proves that the route strategy of EESR leads to more balanced energy consumption, and consequently 

increases nodes life time as well as network life time.  

 

VIII CONCLUSIONS 

The DSR does not consider the power consumption issue. It finds the route with minimum hops. Such a routing 

strategy makes nodes run out of their energy very fast.  Packet delivery rates also less. We have compared the 

performance of our protocol EESR with DSR. Based on the comparative study we found that EESR is more 

efficient than DSR with respect to network lifetime and packet delivery rate. 
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ABSTRACT   

An adder determines the overall performance of the circuits in Very Large-Scale Integration (VLSI)  systems . 1-bit 

full adder is a very great part in the design of application particular Integrated circuits. Power consumption is one 

of the most significant parameters of full adders. Therefore reducing power consumption in full adders is very 

important in low power circuits. This paper presents a new low power full adder based on a new logic approach, 

which reduces power consumption by implementing full adder using 3T XOR module and 2-to-1 multiplexer, with 8 

transistor in total, named CBFA(CMOS Based Full Adder)-8T. The role of full adders plays an important role in 

designing a multiplier. A multiplier is typically composed of three stages- Partial products generation stage, partial 

products addition stage, and the final addition stage. The 4-2 compressor has been widely employed in the high 

speed multipliers for the construction of Wallace tree to lower the delay of the partial product accumulation stage. 

The addition of the partial products contributes most to the overall delay, area and power consumption, due to 

which the demand for high speed and low power compressors is continuously increasing. The results show that the 

proposed circuit has the lowest power-delay product with a significant improvement in silicon area and delay. 

I INTRODUCTION 

1.1 ADDER 

 

Addition is the most common and often used arithmetic operation on microprocessor, digital signal processor, 

especially digital computers. Adders   serves as a  main building block for synthesis and all other arithmetic 
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operations. The efficient implementation of an arithmetic unit  and the binary adder structures become a very critical 

hardware unit. A full adder shown in Figure 1 is a logical circuit that performs an addition operation on three binary 

digits. The full adder produces a sum and a carry value, both of which are binary digits 

1.2  Power Considerations 

 
The aim to design the system for low power is not a straight forward task, as it is involved in all the IC-design 

stages.There are several sources of power consumption in CMOS circuits. 

 Switching Power: Due to output switching during output transitions.  

 Short Circuit Power: Due to the current between VDD and GND during a transistor switching.  

 Static Power: Caused by leakage current and static current.  

 

1.3 Requirements for Design of FA 

  
 Output and input capacitances should be low to reduce dynamic power. Therefore, fewer nodes should be 

connected to SUM and COUT signals.  

 Avoid using inverters will reduce switching activity and static power. 

 Avoid using both VDD and GND simultaneously in circuit components. It can reduce short circuit and 

static power.  

 Using Pass transistors usually lead to low transistor count full adders with low power consumption. 

However, sometimes pass transistor full adders have not full swing outputs due to threshold loss problem. 

 PMOS cannot pass logic 0 and NMOS cannot pass logic1 completely. Uncompleted swing reduces 

dynamic power but sometimes increases leakage power, because transistors do not turn off completely by 

poor signals.  

 Most important components of the power consumption in full adders are the XOR and XNOR gates. 

Therefore, more work should be done to reduce transistor count and power of these components or 

completely omit them.  

 Reducing number of transistors usually lead to reduce the power in full adders. However, sometimes it does 

not improve PDP. Therefore, reducing transistor counts does not always lead to reduce in PDP or power 

consumption. 

 
II EXISTING METHODS 

 

2.1 Design of Full Adder 
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Addition is the most commonly used arithmetic operation in microprocessors and DSPs, and it is often one of the 

speed-limiting elements. Hence optimization of the adder both in terms of speed and power consumption should be 

pursued.During the design of an adder there are two choices in regard to different design abstraction levels.  

One is responsible for the adder’s architecture implemented with the one-bit full adder as a building block. The other 

defines the specific design style at transistor level to implement the one-bit full adder. There are several issues 

related to the full adders. Some of them are power consumption, performance, area, noise immunity and regularity 

and good driving ability. Several works have been done in order to decrease transistor count and consequently 

decrease power consumption and area .  

A full adder adds binary numbers and accounts for values carried in as well as out. A one-bit full adder adds three 

one-bit numbers, often written as A, B, and Cin; A and B are the operands, and Cin is a bit carried in from the next 

less significant stage.  

The full-adder is usually a component in a cascade of adders, which add 8, 16, 32, etc. binary numbers. The circuit 

produces a two-bit output sum typically represented by the signals Cout and S. 

 A full adder can be constructed from two half adders by  connecting  A and B to the input of one half adder, 

connecting the sum from that to an input  to the second adder, connecting Ci to the other input and or the two carry  

outputs is shown in the figure 2.1. 

Equivalently, S could be made the three-bit xor of A, B, and Cin and Co could be made the three-bit majority 

function of A, B, and Cin. The output of the  full adder is the two-bit arithmetic sum of three one-bit numbers. 

 

              SUM=A XOR B XOR Cin                                         ----------Equ(2.1) 

 

             Cout=(A AND B)OR(B AND Cin)OR(Cin AND A)  ----------Equ(2.2) 

 

 

 

 

 

 

 

Figure 2.1 Logic diagram of Full Adder 
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A full adder is a logical circuit that performs an addition operation on three binary digits. The full adder produces a 

sum and carry value, which are both binary digits.The truth table for full adder circuit is shown in the table 2.1  

TABLE 3.1 Truth table of Full Adder 

A B C CARRY SUM 

0 0 0 0 0 

0 0 1 1 1 

0 1 0 0 1 

0 1 1 1 0 

1 0 0 0 1 

1 0 1 1 0 

1 1 0 1 0 

1 1 1 1 1 

 

The role of full adders in arithmetic circuits can be classified into two categories . 

 The chain structured such as ripple carry adders   and array multipliers. In these applications, the critical 

path often traverses from the carry input to the carry output of the full adders. It is demanded that the 

generation of the carry-out signal is fast. Otherwise, the slower carry-out generation will not only extend 

the worst case delay, but also create more glitches in the later stages, hence, consume more power.  

 The tree structured, which is frequently used in multipliers.  

2.2 Full Adder Using 16T 

It is the same as New-13T in terms of the output modules as shown in the figure 2.2. However, the XOR-XNOR 

module has been modified to reduce delay and power consumption. The XOR-XNOR modules does not have full-

swing outputs thus, the transistors which have been connected to this module are turned on or off slowly. 

 

Figure 2.2 Schematic 16T Full Adder 
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2.3 FULL ADDER USING 12T 

12T has been implemented using six multiplexers and 12 transistors.From figure 2.3 it is seen that  each multiplexer 

is implemented by pass-transistor logic with two transistors. There is no VDD or GND connection in this circuit and 

there are some paths containing three serried transistors. 

 It causes to increase delay of producing SUM signal. The size of each transistor in mentioned path should be three 

times larger to balance the output and optimize the circuit for PDP. Therefore, the area of the circuit is increased. 

 

Figure 2.3 Schematic 12T Full Adder 

2.4 FULL ADDER USING 10T 

A full adder in form of centralized structure is made by ten-transistor-10T as shown in the figure 2.4.In this sum and 

cout are generated using two double transistors multiplexers. 3T XOR and XNOR consume high energy due to short 

circuit current in ratio logic. 

 

Figure 2.4 Schematic 10T Full Adder 
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III PROPOSED METHOD 

 

3.1 Full Adder Using 3T XOR AND 2:1 MUX 

Full adder circuit can be implemented with different combinations of XOR, XNOR and 2x1 multiplexer blocks. The 

goal of this paper is to design a high performance and low power full adder module with 8T. 

 Compared to the various logic structures, the proposed Full Adders embodies only 8 transistors and the number of 

interconnections between them is highly reduced. Having each transistor a lower interconnection capacitance, the 

power consumption is reduced to a great extent. The proposed 8T full adder is based on XOR  logic constructed 

using two 3T XOR cells and one multiplexer.Two XOR gates generate the sum and 2T multiplexer block generate 

Cout. 
 

3.2 Design of 3T XOR Gate 

The design of the full adder is based on the design of the XOR gate. The proposed design of full adder uses three 

transistor XOR gate .The design of a three transistor XOR gate is shown in figure 3.1.The design is based on a 

modified version of a CMOS inverter and a PMOS pass transistor. When the input B is at logic high, the inverter on 

the left functions like a normal CMOS inverter. 

Therefore the output Y is the complement of input A. When the input B is at logic low, the CMOS inverter output is 

at high impedance. However, the pass transistor M3 is enabled and the output Y gets the same logic value as input 

A. The operation of the whole circuit is thus like a 2 input XOR gate. However, when A=1 and B=0, voltage 

degradation due to threshold drop occurs across transistor M3 and consequently the output Y is degraded with 

respect to the input. 

 

Figure 3.2 Schematic of 3T XOR 
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3.3 Design of 2:1 MUX 

For our proposed full adder circuit, the possible circuit design for the 2-to-1 multiplexer is given the figure 3.3.In 

this, pass transistors are used in lieu of the transmission gate to reduce the circuit complexity. 

 

Figure 3.3 Schematic of 2:1 MUX 

3.4 Block Diagram of Proposing FA 

 

Figure 3.4 Proposed FA 
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The block diagram of the proposed full adder consists of three modules as shown in the figure 3.4. 

Module 1:The xor operation of the input A and B is done. 

Module 2: The xor operation of the output of A XOR B and the input C takes place. 

Module 3:Finally the 2:1 mux operation happens based on the selection line. 

 

3.5  Circuit Diagram 

The circuit diagram of the eight transistor full adder is shown in figure 4.4 . The sum output is basically obtained by 

a cascaded exclusive ORing of the three inputs The carry output is obtained and the final sum of the products is 

obtained using a wired OR logic. 

 

Figure 3.5 Full Adder using 8T  

3.6 Design of Compressor Using 8T FA 

A multiplier is typically composed of three stages- Partial products generation stage, partial products addition stage, 

and the final addition stage. In the first stage, the multiplicand and the multiplier are multiplied bit by bit to generate 

the partial products. The second stage is the most important, as it is the most complicated and determines the speed 

of the overall multiplier.  

The 4-2 compressor has been widely employed in the high speed multipliers for the construction of Wallace tree to 

lower the delay of the partial product accumulation stage . The addition of the partial products contributes most to 

the overall delay, area and power consumption, due to which the demand for high speed and low power compressors 

is continuously increasing. 
 

3.7 Block Diagram of 4-2 Compressor  

A 4:2 compressor consists of five inputs and three outputs. It is called compressor, since it compress four 

partialproducts into two. This can be implemented with two stages of full adders (FA) connected in series.  
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This shows the logic decomposition of 4-2 compressor architecture. It is mainly consisted of six modules, four of 

which are XOR circuits and the other two are 2:1 MUX.The input variables in Fig. 3 are denoted by x1, x2, x3, x4, 

and cin.  

 

Figure 3.7 Block diagram of 4:2 Compressor 

3.8 Logic Diagram and Operation of 4-2 Compressor  

The design of 4-2 compressor is based on modified set of equations for the cout, sum and carry outputs 

as; 

 sum=x1 ⨁ x2 ⨁ x3 ⨁ x4 ⨁ cin (3)  

cout= x1 ⨁ x2 x3+x1x2 (4)  

carry=(x1 ⨁ x2 ⨁ x3 ⨁ x4) cin+(x1 ⨁ x2 ⨁ x3) x4(4)  

 The carry output (cout) is connected to the carry input (cin) of the next 4-2 compressor. Without propagating the 

carry to the higher bit, the 4-2 compressor can add four partial products because the carry output (cout) does not 

depend on the carry input (cin). This makes it a carry-free adder stage. 
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Figure 3.9 Logic diagram of 4:2 Compressor 

Figure 3.9 shows the logic decomposition of 4-2 compressor architecture. It is mainly consisted of six modules, four 

of which are XOR circuits and the other two are 2:1 MUX. 

3.10 Proposed Circuit 

The proposed circuit of compressor consists of full adder of 8T which is based on modified CMOS inverter and 

PMOS pass transistor. 

The inputs are named as x1,x2,x3,x4,cin and the outputs are given as cout,sum,carry. 

 

Figure 3.10 Schematic of 4:2 Compressor 
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From the figure 3.10  it is seen that XOR gates are used with multiplexers and they represent the combination of two 

full adder structure. 

IV SIMULATION RESULTS 

 
4.1 FA Using 16T 

Using Tanner EDA software the simulations of different types of full adders are carried out and output waveform for 

the full adder is shown in the figure 6.1 

 
Figure 6.1 Output waveform of 16T FA 

The power consumed by the circuit is shown in the figure 6 

 

Figure 6.2 Power Output of 16T 
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6.2 FA Using 12T 

12T full adder does the  XOR operation for the input a, b and c and do the corresponding operation of carry. 

 

Figure 6.3 Output waveform of 12T FA 

The power output of 12T is lesser than compared with the 16T andit is clear from the figure 6.4. 

 

Figure 6.4 Power Output of 12T 

6.3 FA Using 10T 

10T full adders gives better performance than above full adders. 
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Figure 6.5 Output waveform of 10T FA 

The power output is reduced greatly in 10T compared with that of other adders. 

 

Figure 6.6 Power Output of 10T 

6.4 FA Using 8T 

The proposed full adder shows reduction in number of transistors compared to all the above existing structures. 
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Figure 6.7 Output waveform of 8T FA 

The power and the delay of the proposed circuit is greatly reduced and so this is used in the design of compressor. 

 

Figure 6.8 Power Output of 8T 

6.5 Comparison Table of Various Full Adders 
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By comparing the various full adders 8T has significant power delay product and the number of transistors is also 

reduced highly.Hence it is used in the design of compressor. 

6.6 Output Waveform of 4:2 Compressors 

 

Figure 6.9 Input Waveform of Compressor 

 

Figure 6.10 Output Waveform of Compressor 

For the compressor circuit the inputs are given as x1,x2,x3,x4,cin and the corresponding output waveform 

cout,sum,carry are generated. 
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ABSTRACT 

The textile industry has kept pace and technology today can provide fabrics that go well beyond the best that 

nature has to offer. Textile Industries use different chemicals in different processes like, dyeing, finishing, 

scouring, bleaching, degumming, softening, washing etc. The textile chemicals & dyeing industry consume large 

quantities of water and produces large volumes of wastewater and hazardous chemicals from different steps in 

the various processes. As consumers wake up to global warming and globalization, ethical issues are gaining 

ground and spinning more and more hard cash in the competitive world of international textiles. Biotechnology 

is the application of living organisms and their components to industrial products and processes. Enzymatic 

degumming involves proteolytic degradation of sericin using specific protease which does not attack fibroin. 

The main sources of protease are bacterial, fungal, plant and animal origin. In this study, an attempt has been 

made to synthesize protease enzyme from bacillus species from the slaughter house waste. It is evaluated for the 

suitability in degumming of silk yarn.  The degummed samples were subjected to subjective evaluation like 

colour, luster and hand. Objective evaluation like Weight loss, Tensile strength, Elongation, Degumming 

efficiency, was also carried out.  

Keywords: Bacterial Enzyme, Degumming, Enzymes, Protease, Silk. 

I. INTRODUCTION 

Silk, is a natural protein fiber, some forms of which can be woven into textiles. It is known as Queen of Textiles 

for its elegance, refinement, beauty and luxury. Degumming or Boiling-off is the process employed to remove 

the silk gum (sericin) enveloping the silk threads. Silk is distinguished by its considerable strength, having a 

tenacity of about 4 grams/denier (Anandan et al, 2006).  Degumming of silk is traditionally carried out with 

soap or alkali which was not uniform in quality, the strength loss is high and also the chemicals used cause 

environmental pollution. It is therefore, desirable to replace them by the ecofriendly alternatives and in this 

respect, the enzyme play a key role. The action of enzyme can be controlled to avoid strength loss but at the 

same time obtain uniformly degummed silk. Enzymatic degumming involves proteolytic degradation of sericin 

using specific protease which does not attack fibroin (Ninge et al, 2007). Proteases have achieved a central 

position in the enzyme industry by crossing the figure of 60% sale share of enzyme market view Afia and 

http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Fiber
http://en.wikipedia.org/wiki/Weaving
http://en.wikipedia.org/wiki/Textile
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Shahida (2009).The main sources of protease are bacterial, fungal, plant and animal origin. Here an attempt is 

made to extract bacterial protease enzyme of bacillus species from slaughter house. Protease treatments can 

modify the surface of wool and silk fibres to provide new and unique finishes. Sericin has given its way for 

being widely and successfully used for degumming of silk (Raval and Banjaree, 2003). 

II METHODOLOGY             

      

2.1. Selection of the Silk Yarn 

Commercial exploitation of mulberry silk has resulted in global raw silk production. India produces all five 

variety of silk, among them; mulberry silk is the most common. Tamil nadu being the specialized producer and 

due to easy availability mulberry silk was chosen for the study. Mulberry silk yarn of denier 22 was used for the 

study. 

 

2.2. Selection of Source and Extraction 

2.2.1. Selection and Collection of Sample 

 Habitats that contain protein are the best sources to isolate the proteolytic microorganism. The organism used in 

this study was isolated from the slaughter house which contains a large amount of protein. The samples were 

collected in sterile polythene and stored at 4ºC until analyzed. 

 

2.2.2. Media used for screening  

The screening for protease producing bacteria was done using Casein agar medium which has the following 

composition. 

  Agar   - 2.0 g  

Casein              -  1.0 g 

   NaCl   -  0.5g 

  Peptone   - 0.5g  

  Beef extract  -  0.3g 

  Distilled water  - 100 ml 

 

2.2.3. Isolation of Bacteria 

Bacterial strains were isolated from a sample collected from the slaughter house waste. One gram soil was 

suspended in 10 ml of sterilized saline and was subjected to serial dilution. 0.5 ml from an appropriate dilution 

was spreaded on a petriplate containing nutrient broth-casein-agar medium. The strain was selected on the basis 

of formation of a clear zone of casein hydrolysis on the petriplate and was transferred to nutrient agar slant for 

growth and maintenance (Hamid and Ikram, 2008). 
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2.2.4. Production of Protease in Shake Flask Fermentation 

 Based on the method of Usharani and Muthuraj (2010) the bacterium strain was cultured in 2.5 l conical flask 

containing the following ingredients:  

Yeast extract  : 0.5 g  

Casein        : 0.1 g 

KH2PO4        : 0.2 g  

Na2CO3        : 1.0 g  

Distilled water    : 100 ml  

pH       : 7.0.   

The fermentation conditions were maintained at 37°C for 48hrs in a shaking incubator. After the incubation 

period, the fermented culture was centrifuged at 3,000 rpm for 20 min at 18ºC to obtain the crude extract. 

 

2.2.5. Protease Assay 

Protease was determined by the method of (Tsuchida et al., 1986).  

 

2.2.6. Identification of Bacteria 

The isolated bacteria was identified based on growth condition, gram staining and biochemical tests.The 

bacterium was further confirmed by biochemical tests like Gram staining, Motility Test, Indole production test, 

Methyl Red Test, Voges Proskauer Test, Citarte utilization Test, Catalase Test, Oxidase Test, Urea Hydrolysis 

Test, Nitrate reduction test, Starch hydrolysis test, Gelatin Hydrolysis Test, Fluorescence on King’s B medium 

and Growth at 4º C and 41º C. 

 

2.3. Optimization of Cultural Condition  

2.3.1. Optimization of pH for protease production 

The effect of pH on alkaline protease production from the Bacillus under study was carried out using different 

pH like 5-10. The optimization media with the above pH were inoculated with the test sample and the protease 

assay was done after 24hrs.  

 

2.3.2. Optimization of temperature for protease production 

The effect of temperature on protease production was studied by taking various temperatures ranging from 17º C 

- 57º C at 10º C interval for 24 hrs. The optimization media was inoculated with the test sample at different 

temperatures and the protease assay was done after 24 hrs. 

 

2.3.3. Optimization of incubation time for protease production 

The effect of incubation time on protease production was determined by incubating the culture medium at 

different time period (24 – 120 hours) with an interval of 24 hours. After each incubation time the protease 

activity was determined from crude enzyme extract. 
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2.3.4. Optimization of nitrogen sources for protease production 

Various nitrogen sources like beef extract, glycine, tryptone and peptone were examined for their effect on 

protease production replacing 0.5 % of yeast extract in the production medium. Protease activity was analysed 

in the crude enzyme. 

2.3.5. Optimization of inoculum concentration for protease production 

The protease was inoculated at different inoculum concentration with different concentrations ranging from 1 % 

to 5 % of overnight grown culture. Protease activity was determined in the crude enzyme. The concentration 

which gave high activity was selected.               

           

2.4. Mass Production of Enzymes 

The protease enzyme was produced in large scale by using fermentor, with a working volume of 2 liter capacity. 

10 g/l of peptone; 5g/l of sodium chloride at pH 9 was optimized for protease production. The microbial source 

was inoculated aseptically into the production medium and incubated at 37ºC for 24 hours. After incubation, the 

fermented broth was centrifuged at 3000 rpm for 30 minutes. The supernatant was collected and preserved by 

using 3 to 4 drops of formaldehyde and was used as crude enzyme. 

 

2.5. Optimization for Degumming of Silk Yarn 

Crude protease enzyme was used for degumming with various concentration ie, 4, 8, 12, 16 and 20 ml in 

material liquor ratio of 1:20 for different time interval ranging from (3 – 24 hours) with fixed interval at various 

pH (4, 5, 6, 7, 8, 9) and temperature (25º C, 35º C, 45º C, 55º C, 65º C). After giving the enzyme treatment, the 

sample was washed with hot and cold wash to neutralize the enzymatic effect. 

 

2.5.1. Optimization of enzyme concentration for degumming 

To optimize the source concentration, five different concentration of the extracted enzyme was taken in 

individual beakers with material liquor ratio as 1:20 and the concentrations as 4, 8, 12, 16 and 20 ml. The pH 

was maintained at 7 and temperature at 35º C respectively for 9 hours. 1gm of the silk yarn was added to the 

beakers containing different concentrations of the source and degummed. The degummed yarn was removed and 

washed thoroughly with cold water and dried. The optimum source concentration was obtained by calculating 

the weight loss. 

 

2.5.2. Optimization of incubation time for degumming 

Degumming of 1g of silk yarn was carried out under different incubation period. To optimize the incubation 

time for degumming, the enzyme was incubated at 35C at pH 7 and different time intervals such as 3, 6, 9, 12 

and 24 hours. After each incubation period the yarn was washed with cold water and dried.  Any change in 

colour and increasing weight loss was taken as optimum incubation time. 
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2.5.3. Optimization of pH for degumming 

The optimum pH for degumming was determined at different pH such as 4, 5, 6, 7, 8 and 9 by keeping the 

temperature as constant at 35C. The pH was adjusted using 0.1N HCl or 0.1N NaOH. 1g of silk yarn each was 

wetted and immersed in to six beakers containing enzyme extracts at different pH. The degumming bath was 

incubated at 35C for 6 hours. After the incubation period the yarn was washed with cold water and the weight 

loss of the dried yarn was obtained. 

2.5.4. Optimization of temperature for degumming silk yarn 

Each gram of silk yarn was weighed and immersed in to the optimum enzyme concentration at different  

temperature  viz. 25º C, 35º C, 45º C, 55º C and 65º C. Degumming the silk yarn at each temperature with 

optimum pH and incubation time was done to obtain the best result. After the duration of time, the silk yarn was 

removed and washed. The change in colour and maximum weight loss was taken as optimum temperature for 

enzyme degumming process.  

 

2.6. Degumming of Silk 

Based on the procedure, 35.15g of silk yarn skein was degummed using 700 ml of the crude enzyme with the M: 

L ratio as 1:20. The enzyme was taken in a clean beaker and into it yarn washed with cold water was immersed. 

The beaker was placed in a hot air oven and the temperature was maintained at 45º C at pH 7 for duration of 6 

hours. After the 6 hrs the degummed silk yarn was removed and washed thoroughly with hot and cold water, 

further dried and the weighted. 

 

III. RESULTS AND DISCUSSION 

3.1. Subjective Evaluations - Visual Evaluation  

The samples were evaluated visually for appearance, colour, luster and hand. While looking at the overall rating 

of the judges ES (Enzyme sample) were given the maximum. The silk yarns degummed using extracted protease 

enzyme produced by bacillus Sp was good in general appearance, whiteness, texture and luster 

TABLE I – Visual Evaluation 

Sample 

name 

General 

appearance 

Whiteness Texture Lustre 

Rating in % 

 G F P B M D S M R H M L 

CS 56 44 0 40 56 4 88 12 0 72 28 0 

ES 79 21 0 68 32 0 86 14 0 72 28 0 

CS- Conventional Sample, ES – Bacterial Enzyme treated Sample 

 

3.2. Objective Evaluation 

3.2.1. Weight loss                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

The weight of the sample was weighed before and after enzyme treatment and the weight loss calculated and 

tabulated in TableII according to Gulrajani and Ritu (2000). 
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TABLE II - Weight Loss of the Silk Yarn 

S.no Sample 

name 

Weight before 

treatment 

(grams) 

Weight after 

treatment 

(grams) 

Weight 

loss 

(grams) 

Weight loss % 

([(W1 -W 2)/ W1] x 

100) 

1. CS 35.15 24.61 10.54 29.93 

2. ES 35.15 26.12 9.03 25.68 

                                    CS- Conventional Sample, ES – Bacterial Enzyme treated Sample 

 

3.2.2. Degumming efficiency 

The degumming efficiency between Conventional soap sample (CS) and Bacillus enzyme treated sample (ES) 

were found out and tabulated. The degumming efficiency was found to maximum in Enzyme treated sample 

were found out by the method of (Gulrajani et al, 2000) 

 

TABLE III – Degumming Efficiency 

S.no Sample name Weight loss over original Weight loss % over original Degumming efficiency 

1. CS 10.54 29.93 - 

2. ES 9.03 25.68 85.80 

CS- Conventional Sample, ES – Bacterial Enzyme treated Sample 

 

3.2.3. Tensile strength - Yarn strength & Elongation 

The yarn strength and elongation was tested using tensile strength tester and bacterial enzyme treated gave the 

maximum result. The elongation of yarn also yielded result. 
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SS- Control Sample CS- Conventional Sample, ES – Bacterial Enzyme treated Sample 

 

All the test results gave maximum result for the bacterial enzyme treated sample followed by the papaya skin 

treated sample. Though the conventional sample gave good result in the subjective evaluation the strength of the 

sample were really lost which was the main disadvantage of the method, while the both enzyme treated samples 

yielded better results in respect to the yarn strength and elongation. 
 

3.2.4. Microscopic view 

The scanning electron micrographs of the original and the treated samples are shown. The samples CS and ES 

showed complete and uniform removal of sericin. The cleaning of the surface by the enzyme is responsible for 

the improvement in the luster of the treated samples. Protease enzyme treated samples showed a better removal 

of sericin. 

Fig 3: SCANNING ELECTRON MICROGRAPHS 

    Original Sample (SS)   Conventional Treated Sample (CS) 

 

Protease Enzyme Treated Sampl (ES) 
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IV CONCLUSION 

The textile industry is the largest industry in terms of value, production and also in high effluent generation. 

There is a growing trend towards the application of highly specialized biocatalysts i.e., enzymes, for the 

chemical processing as well as for physio-chemical modifications of textile fibers. Enzymes being natural 

products and are completely bio-degradable and accomplish their work quietly and efficiently without leaving 

pollutants behind, so the enzyme concentration can be successfully used for carrying out the degumming of 

mulberry silk yarn. 
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ABSTRACT 

Purpose – The purpose of this work is to study the effect of Visual Merchandising on consumers’ impulse buying 

behavior and to find out the key elements of Visual Merchandising contributing the most for impulse buying. 

Design/methodology/approach – To complete the research we have followed review of literature approach where 

extensive literature has been reviewed to find out the relationship between visual merchandising and impulse buying 

in various forms of retail formats including e-retailing. 

Findings – The study found that visual merchandising practices certainly influence customers’ buying behavior and 

leads to Impulse buying as well. The results suggest that the themes that linked most strongly to purchase intention 

were: merchandise colors, presentation style, awareness of fixtures, path finding, sensory qualities of materials and 

lighting.  

Originality/value – This paper offers marketers valuable insights as to how different combinations of visual 

merchandising can be exercised in order to attract potential customers and to retain the existing customers. 

Keywords- Consumer Behavior, Impulse Buying, Store Layout, Visual Merchandising, Window Display,  

Paper Type- Conceptual Research Paper 

 

 
I INTRODUCTION 
 

Visual Merchandising can be defined as everything the customer sees, both exterior and interior, that creates a 

positive image of a business and results in attention, interest, desire and action on the part of the customer. It gives 

the business an edge over competition. Strategically used, visual merchandising can even create a brand identity. It 

sets the context of the merchandize in an aesthetically pleasing fashion, presenting them in a way that would convert 

the window shoppers into prospects and ultimately buyers of the product. Visual merchandising has become a 

natural component of every modern point of sale and is characterized by the direct contact between merchandise and 

clients; it helps clients to easily approach goods visually, physically, mentally and intellectually without the help of a 

sales person (Ravazzi, 2000). The importance of visual merchandising as an essential instrument of communication 

for the retailer and manufacturer is derived basically from the demand of the customers. 
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Visual merchandising plays a major role in retailing. “It is that which enhances products, supports brands, increases 

traffic and sales, adds visual excitement by way of strategically located and illuminated focal destinations in an 

environment, typically businesses and stores, defines and advertises overall personality and image”.(Gorman, 2006). 

The art of increasing the sale of products by effectively and sensibly displaying them at the retail outlet is called as 

visual merchandising. 

Visual merchandising has come a long way from stock piling a table in front to live models posing in windows. 

Individual creativity, innovation, improvement in technology and artistic flair has played a major role in 

merchandise display. Visual merchandising can encompass all aspects of total visual impact of the store and its 

merchandise. (Garvey 2010) Visual merchandising is all about making the customer feel how the marketer wants 

them to feel. It takes months of planning before a window is ready for display. It is the merchandise on display that 

makes money for a store. Visual merchandising is the arrangement of props, fixtures, mannequins and backdrop to 

influence a customer to enter the store and make a purchase. (Diamond 1993) Merchandise fixtures help to show the 

merchandise to consumers besides playing a secondary role of aesthetic function. It deals with what product line to 

be carried to particular shelf space and emphasize on combining visual and other sensory elements to capture 

attention, awaken the senses through music, scents and provides the customer a wonderful buying experience to 

achieve sales. It covers all areas from façade of the store to the location of each product inside the store.(Sebastian 

2008) Traditionally visual merchandising was always associated with store windows and sales floor display with 

companies hiring specialists for efficient layout for floor space for optimization of retail space. 

 

1.1 Consumer Behavior 

Consumer behavior research is the scientific study of the processes consumers use to select, secure, use and dispose 

of products and services that satisfy their needs. Knowledge of consumer behavior directly affects marketing 

strategy (Anderson, 2005). Firms can satisfy those needs only to the extent that they understand their customers. For 

this reason, marketing strategies must incorporate knowledge of consumer behavior into every facet of a strategic 

marketing plan (Solomon, 2002). 

 
II LITERATURE REVIEW 

2.1 Visual Merchandising (VM) and Shopper Behaviors 

Kaur, Amandeep (2013) come up with an important finding that the store derives as much of its identity, character 

and gravity from its physical contours, as from the products it houses and the individuals who manage the 

transactions there in. also, visual merchandising practices certainly influence customers‟ buying behavior. Their 

research revealed that is a direct proportional relationship between customers‟ buying behavior and in-store 

form/mannequin display, promotional signage and window display. Jigna N. Ahir, Vishal J. Mali (2013) advocated 

that due to increasing competition and the similarity of merchandise, retailers utilize visual merchandising to 
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differentiate their offerings from others‟ as well as to improve the desirability of products. Since impulse buying is a 

pervasive aspect of consumers‟ behaviors and a focal point for strategic marketing plan.  

Dr.Alireza Miremadi, Rahil Khoei (2013) in their study understood from mentioned test that Iranian shoppers give 

more importance to visual communication, visual merchandising, and Staff management. S Madhavi and T S 

Leelavati (2013) suggested that the themes that linked most strongly to purchase intention were: merchandise colors, 

presentation style, awareness of fixtures, path finding, sensory qualities of materials and lighting. Their findings 

suggest that liking of display does not totally determine purchase, but does make it four times more likely. These 

visual merchandising practices, serving as stimuli that provoke a desire that ultimately motivates a consumer to 

make an unplanned purchase decision upon entering the store, significantly influence consumer‟s impulse buying 

behaviors. 

K. R Pillai et al. (2011) visually appealing stores and outlets did help respondents to create an image of the brand in 

the minds of the customers. Contradictory to the customers‟ preferences, visual merchandisers rated illumination at 

their store locations/outlets as their most preferred in-store visual appeal creating factor but the respondents who are 

customers did not give it a high rating. Among the various features of a store that help to convert window shoppers 

into real customers although visual appeal achieved the highest ranking. Yolandé Hefer, Michael. C. Cant (2013) 

found that consumer behaviour is influenced by a limited extent as visual merchandising displays guide consumers 

in the direction of the products as well as in product choice. Consumer behaviour will also be influenced by their 

personal preferences and the quality of the displays. 

Vandana Gupta (2013) supported that colors and lighting forms an integral part of the Visual Merchandising, 

majority of the customers had a positive response towards the colors and lighting used in the store, frequent 

purchasers show a higher positive response towards the lighting and colors used also indicating that colors and 

lighting have a positive impact on the customer loyalty. Signage„s form an integral part of Visual Merchandising, 

the signs displayed were able to provide basic information to the customers, and this area can be improved upon by 

Evok. Young Ha et al. (2007) revealed that many VMD features of offline stores have been implemented online. In 

addition, some VMD features of online apparel stores do not have a direct offline parallel. Gaynor Lea-Greenwood 

(1998) found that visual merchandising practices certainly influence customers‟ buying behavior. The research 

revealed that is a direct proportional relationship between customers‟ buying behavior and in-store form/mannequin 

display, promotional signage and window display. 

Jiyeon Kim (2012) found a significant relationship between college students‟ impulse buying behavior and in-store 

form/mannequin display and promotional signage. Even though the window display and floor merchandising did not 

appear to significantly lead to college students‟ impulse buying behavior, the results of the study still suggested that 

these variables and consumers‟ impulse buying behavior are significantly correlated. Study also argued that all four 

types of visual merchandising (i.e., window display, in-store form/mannequin display, floor merchandising, and 

promotional signage) are significantly interrelated and that relationship generates the influences on consumers‟ 

impulse buying behavior. 
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Retail store atmospherics may impact shopper behavior. According to Chain Store Age (2004), the majority of 

consumers (63%) remember occasions when the store atmosphere caused them to buy more or spend more time at a 

store. Moreover, among those influenced by store atmosphere, almost half (45%) report that they spent not only 

more money in the store but, more time. As noted in Turley and Milliman‟s (2000) review on the effect of 

atmospherics on consumer behaviour, the influence of store atmosphere on time spent in the store has received 

attention from researchers and, therefore, merits further discussion. Time spent in the store is related to the desire to 

stay in or to get out of the store environment and is also related to the decision to shop or not to shop at the store 

(Kellaris and Altsech, 1992). In their landmark article introducing the Mehrabian-Russell (M-R) environmental 

psychology model to the study of store environment, Donovan and Rossiter (1982) suggested that store-induced 

pleasure plays a significant role as a determinant of approach-avoidance behaviour within the store, including 

spending behaviour, and that store-induced feelings of alertness and excitement could result in increased time spent 

in the store. More than a decade later, Donovan et al. (1994) replicated and extended the Donovan and Rossiter‟s 

study, confirming that pleasure engendered by store atmosphere contributes to extra time spent in the store and 

unplanned spending. In 2003, Babin et al. found that the combination of colours and lighting plays a critical role in 

influencing the purchase intention of consumers‟ store patronage. Kouchekian and Gharibpoor (2012) found that 

store layout, color, lighting, store design, cleanliness and height of shelves are the significant determinants of 

consumer buying decision at a grocery store 

 

2.2 Visual Merchandising In Relation To Impulse Buying Behavior 

“In store browsing is the in-store examination of a retailer‟s merchandise for recreational and informational purposes 

without an immediate intent to buy” (Bloch, Ridgway, & Sharrell, 1989, p.14). Jarboe and McDaniel (1987) found 

customers who browsed in a store made more unplanned purchases than non-browsers in a regional mall setting. 

Color: Bellizzi et al. (1983) investigated the effects of color in retail store design. The results indicated that despite 

color preferences, subjects were physically drawn to warm color (yellow and red) environments, but they 

paradoxically found red retail environments to be generally unpleasant, negative, tense, and less attractive than cool 

color retail (green and blue) environments. 

Product display: In a study carried out by Abratt and Goodey (1990) product display has been identified as an in – 

store stimuli. Simonson and Winer (1992) found that purchase behavior can be modified by the way in which 

inventory is arranged. Kumar and Leone (1988) maintain that point of purchase displays can be very useful in 

stimulating sales. 

Music: Bruner (1990) suggests that the genre of the background music is likely to produce stronger effects on 

perceptions and preferences. They reported that the impact of loudness on musical preference differed by gender, 

with females reacting more adversely than males to louder music. Oakes (2000) 
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Lighting: Mehrabian (1976) “believed that lighting was a chief factor in the environment‟s impact on individuals 

because brightly lit rooms are more arousing than dimly lit ones”. (Summers and Herbert, 1999) Areni and Kim 

(1994) found that consumers examined and handled significantly more items under „bright‟ lighting conditions than 

under „„soft‟‟ lighting conditions. 

Cleanliness: A study by Carpenter and Moore (2006) indicated that both frequent and occasional shoppers across all 

retail formats indicated cleanliness as the single most important store attribute. Yun and Good (2007) declared that 

shopping in an immaculately clean store might generate image perceptions of cleanliness, contentment, or luxury. 

Store design or store Display: It was also understand in Bellizzi and Hite (1992) study that displays are one of the 

most influential elements on unplanned purchases. Abratt and Goodey (1990) stated that point of purchase displays 

can be very useful in stimulating sales. In addition it was stated that the shoppers attach more influence to the floor 

of a store than to its ceiling. 

2.3 Conceptual Framework for the study 

As per literature review studied dimensions of visual merchandising shown below are considered to be appropriate 

and taken up for this study visual merchandizing and its impact on impulse buying 

Fig 1. Jigna N. Ahir, Vishal J. Mali (2013) 

III FINDINGS 

The study investigated some external factors that influence impulse buying behavior. In attempt to examine this 

relationship, the study primarily tried to explain the relationship between customers‟ impulse buying behavior and 

various types of visual merchandising. An important finding was that visual merchandising practices certainly 

influence customers‟ impulse buying behavior. The results proved that there were significant relationships between 

consumers‟ impulse buying behavior and in-store form/mannequin display and promotional signage. Even though 

the window display and floor merchandising did not appear to significantly lead to customers‟ impulse buying 

behavior, the results still suggested that these variables and consumers‟ impulse buying behavior are significantly 

correlated. It can be agreed that all four types of visual merchandising (i.e., window display, in-store 
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form/mannequin display, floor merchandising, and promotional signage) are significantly interrelated and that 

relationship generates the influences on consumers‟ impulse buying behavior. Despite the utilization of visual 

merchandising to improve desirability of products and to encourage consumers‟ buying behavior, a dearth of 

research exists that investigates its influence on consumer buying behavior. The result of the all the studies proves 

that there is a pivotal relationship between customer‟s impulse buying behaviors and two type of visual 

merchandising practices: in-store form/mannequin display and promotional signage. When consumers are exposed 

to these visual stimuli, they more likely make purchase decisions on impulse. This suggests that these visual 

merchandising practices, serving as stimuli that provoke a desire that ultimately motivates a consumer to make an 

unplanned purchase decision upon entering the store, significantly influence consumers‟ impulse buying behaviors.   

 

IV CONCLUSION 

Due to increasing competition and the similarity of merchandise, retailers utilize visual merchandising to 

differentiate their offerings from others as well as to improve the desirability of products. Since impulse buying is a 

pervasive aspect of consumers‟ behaviors and a focal point for strategic marketing plan, finding variables that 

influence shoppers‟ impulse buying urges and decisions and attempting to control these influencing variables 

through strategic marketing and merchandising activity is critical for retailers in order to survive in fierce 

competition. 
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ABSTRACT 

In the design of integrated circuits, area plays a vital role because of increasing the necessity of portable systems. 

CSLA is a fast adder used in many data processing processors for performing fast arithmetic functions. In this paper 

4bit, 8bit, 16bit, 32bit, 64bit and 128 bit  CSLA have been developed and applied in 4x4 bit, 8x8 bit, 16x16 bit, 

32x32 bit, 64x64 bit and 128x128 bit Vedic multiplier respectively. 

This paper proposed the design of high speed Vedic Multiplier using the techniques of Ancient Indian Vedic 

Mathematics that have been modified to improve performance.Vedic method for multiplication which strikes a 

difference in the actual process of multiplication itself. It enables parallel generation of intermediate products, 

eliminates unwanted multiplication steps with zeros. The regular CSLAconsumes more areaand hence modified 

linear CSLA is used which requires less area. For simulating the CSLA’s and Vedic multipliers using CSLA’s.ISIM 

simulator is used. Further, the Verilog HDL coding of  128x128 bits multiplication and their FPGA implementation 

by Xilinx Synthesis Tool on Spartan 3E kit have been done and output has been displayed on LCD of Spartan 3E kit. 

 

Keywords: Binary to Excess-1 Converter (BEC), Carry Select Adder (CSLA), SQRT CSLA, Vedic 

Multiplier (VM), Urdhva Tiryakbhyam. 

1. INTRODUCTION 

Multiplication is a crucial arithmetic operation in digital computer systems. Most modern computers directly support 

multiplication based operations in hardware . Moreover, the performance of processors is significantly affected by 

the speed of their multipliers. Multiplier has been a basic building block for many algorithms in various computing 

application. Many high performance algorithms and architectures have been proposed to improve and to accelerate 

multiplications process. Multiplication involves two basic operations: the generation of partial products and their 

accumulation. Consequently, there two ways to speed up multiplications: reduce the number of partial products or 
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accelerate their accumulation. Clearly, a smaller number of partial products also reduces the complexity, and, as a 

result, reduces the partial products accumulation time. When two n-bit numbers are multiplied, a 2n-bit product is 

produced. In that case the steps involved in the multiplication process are large and the addition of n partial products 

also becomes a complicated task. Different schemes of multiplication have been developed to reduce the number of 

steps required to add the n partial products.The word usage ―Vedic is taken from the word ―Veda which refers to 

the store-house of knowledge. Vedic Multiplier (VM) architecture differs by lot of means from the Conventional 

technique of multiplication such as add and shift [12]. Vedic Multiplier has its grounds on ancient Indian Vedic 

Mathematics. Vedic mathematics is basically upon 16 Sutras (formulae) like Anurupyeshunyamamyat, Chalana-

kalanabhyam, EkadhikinaPurvena, EkanyunenaPurvena, Gunakasamuchyah, Gunitasamuchyah, 

NikhilamNavatashcaramamdashatah, Paraavartyayojavet, Puranapuranabhyam, sankalana- vyavakalanabhyam, 

Shesanyankenacharamena, Shunyamsaamyasamuccaye, Sopaantyadvayamaantyam, UrdhvaTiryakbhyam, 

Vyashtisamanstih and yaavadunam that deals with v arious branches of mathematics like arithmetic, algebra, 

geometry etc [10]. Vedic Multiplier (VM) is reliable and an efficient one compared with Array Multiplier and Booth 

Multiplier based on area and speed 

II BINARY TO EXCESS 1 CONVERTER 

The ground idea regarding this work is using BEC instead of RCA with carryin 1 to reduce the area of the Regular 

SQRT CSLA as well as Modified SQRT CSLA. For replacing the n-bit RCA, an n+1-bit BEC is required. General 

structure and the basic function of 3-bit BEC are shown in Fig 1 and Table 1, respectively. Boolean expressions for 

3-bit BEC is as given below (a),(b),(c)  (functional symbols: & AND, ~ NOT, ^ XOR). 

Table 1. Function of 3-bit BEC 

B [ 2 : 0 ] X S [ 2 : 0 ] 

0 0 0 0 0 1 

0 0 1 0 1 0 

0 1 0 0 1 1 

0 1 1 1 0 0 

1 0 0 1 0 1 

1 0 1 1 1 0 

1 1 0 1 1 1 

1 1 1 0 0 0 
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XS0=~B0                                     - (a) 

XS1=B0^B1                                 -(b)    

XS2=B2^(B0&B1)                      -(c) 

 

Fig 1. 3-bit Binary to Excess 1 Converter 

III PROPOSED METHOD OF CARRY SELECT ADDER 

The proposed CSLA is based on the logic formulation givenin (a)–(g), and its structure is shown in Fig. 2(a). It 

consists ofone HSG unit, one FSG unit, one CG unit, and one CS unit. TheCG unit is composed of two CGs (CG0 

and CG1) correspondingto input-carry ‘0’ and ‘1’. The HSG receives two n-bit operands(A and B) and generate half-

sum word s0 and half-carry wordc0 of width n bits each. Both CG0 and CG1 receive s0 and c0from the HSG unit 

and generate two n-bit full-carry words c01 andc11corresponding to input-carry ‘0’ and ‘1’, respectively.The logic 

diagram of the HSG unit is shown in Fig. 2(b). Thelogic circuits of CG0 and CG1 are optimized to take advantageof 

the fixed input-carry bits. The optimized designs of CG0 and CG1 are shown in Fig. 2(c) and 2(d), respectively.The 

CS unit selects one final carry word from the two carrywords available at its input line using the control signal cin. It 

selects c01 when cin = 0; otherwise, it selects c11. The CS unitcan be implemented using an n-bit 2-to-l MUX. 

However, we find from the truth table of the CS unit that carry words c01andc11 follow a specific bit pattern. If 

c01(i) = ‘1’, then c11 (i) = 1, irrespective of s0(i) and c0(i), for 0 ≤ i≤ n − 1. This featureis used for logic 

optimization of the CS unit. The optimized design of the CS unit is shown in Fig. 2(e), which is composedofn 

AND–OR gates. The final carry word c is obtained from the CS unit. The MSB of c is sent to output as cout, and (n 

− 1)LSBs are XORed with (n − 1) MSBs of half-sum (s0) in the FSG [shown in Fig. 2(f) to obtain (n − 1) MSBs of 

final-sum(s). The LSB of s0 is XORed with cin to obtain the LSB of s 
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Fig.2 (a) Proposed CS adder design, where n is the input operand bit-width, and [∗] represents 

delay (in the unit of inverter delay), n = max(t, 3.5n + 2.7). 

(b) Gate-level design of the HSG. (c) Gate-level optimized design of (CG0) for input-carry = 0. (d) 

Gate-level optimized design of (CG1) for input-carry = 1. 

(e) Gate-level design of the CS unit. (f) Gate-level design of the final-sum generation (FSG) unit. 

IV VEDIC MULTIPLIER 

In this discussion the Vedic Multiplier (VM) is mainly based on UrdhvaTiryakbhyam (multiplication sutra) of 

ancient Indian Vedic Mathematics. UrdhvTiryakbhyam generally means Vertical and crosswise respectively. This 

strikes the contrary in the actual multiplication process itself. This formula help proceeding parallel generation of 

partial products and eliminates unwanted multiplication process steps. Vedic Multiplier has a merit that as the 
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number of bits increases, area and gate delay also increases too slowly compared to other multipliers. Therefore it is 

the time, power and area that are efficient. In Fig 3, the digits on the either side of the line are multiplied and added 

by the carry of the preceding step. It does generate a carry and one of the bits of the results. This carry is to be added 

with the next step multiplication result and so the process goes on moving. If more than one line is seen in one step, 

all obtained results are then added to the carry of previous step. In each step bit and all other bits act as carry for the 

next step and the least significant bit (LSB) acts as the result. The multiplication of two 4X4 bit and 2X2 bit binary 

numbers are as depicted in Fig 3 and Fig 4 respectively. 
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4.1. Basic block of Vedic Multiplier 

 
In Vedic multiplier design, a 2X2 bit block is one of the fundamental block is shown in Fig 5. Also this same 

fundamental block is taken as a Multiplication unit block of 4X4 bit Vedic Multiplier. Considering the two 2-bit 

binary numbers A1A0 and B1B0. The obtained result of this 2X2 bit multiplication would be found as 4 bits that is 

C2, S2, S1 and S0. The least significant bit (LSB) A0 of the  multiplicand is vertically multiplied with least 

significant bit(LSB) B0 of the multiplier, To obtain their product S0 and this S0 is the least significant part of 

obtained result (S0). Then A1 and B0, and A0 and B1 are multiplied in cross, add the two, get sum1 (S1) and carry1 

(C1), the sum bit can be said as the middle part of the result (S1). Then A1 and B1 is multiplied in vertical, and is 

added with the previous carry (C1) and get S2 as their product and carry2 (C2), the sum bit will be down to the 

result (S2). Then the carry2 (C2) is considered as the most significant part of the result (S3). 

4.2. 4x4 bit Vedic Multiplier 

 

Fig 6: Block diagram of 4x4 Vedic multiplier 
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The design of 4X4 bit Vedic Multiplier is shown in Fig 6. In this design, the 1st stage is of 2X2 bit block 

(fundamental block) as a Multiplication unit. The 2nd stage comprises of carry and partial products. Then the 3rd 

stage comprises of 4 bit Modified SQRT CSLA and 8 bit result of  multiplication. The initial step in the design of 

4X4 bit VM is grouping the 2 bit of each 4 bit input. These pairs constitute vertical and crosswise product terms. A 

separate 2X2 bit VM block does the handling of each input bit. The schematic of a 4X4 bit block is designed using 

2X2 bit blocks. The partial products represent the Urdhva vertical and cross product terms.   

4.3. 8x8 bit Vedic Multiplier 

 
Fig 7: Block diagram of 8x8 bit Vedic Multiplier 

The design of 8X8 bit VM is drawn in Fig 7. Here the first stage consists of 4X4 bit block as a Multiplication unit. 

The second stage is of carry and partial. Then the third stage comprises of 8 bit Modified SQRT CSLA and 16 bit 

result of multiplication. The primary and initial step in designing of 8X8 bit block VM is to group the 4 bit of each 8 

bit input. This pair forms the in cross and vertical product terms.4X4 bit VM block handles each input bit pairs. The 

schematic depiction of 8X8 bit VM can be designed by 4X4 bit VM blocks. 

 

4.4. 16x16 bit Vedic Multiplier 

 

Fig 8: Block diagram of 16x16 bit Vedic Multiplier 
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The 16X16 bit VM’s design drawn is in Fig 8. This design consists of first stage 8X8bit VM blocks, as a 

Multiplication unit. The second stage is of partial products and carry. Then the third stage is of 16 bit Modified 

SQRT CSLA and 32 bit result of multiplication. The initial step in designing of 16X16 bit VM is to group the 8 bit 

of each and every 16 bit input. The above said pairs forms in cross and vertical product terms. Each input bit pairs 

are handled by a separate 8X8 VM block. The schematic depiction of a16X16 bit VM block can be designed using 

8X8 bit VM blocks. 

 

4.5. 32x32 bit Vedic Multiplier 

 

Fig 9: Block diagram of 32x32 bit Vedic Multiplier 

Designing of 32X32 bit VM is as shown in Fig 9.Here the first stage is of 16X16 bit VM blocks as a Multiplication 

unit. The second stage comprises of carry and partial products. Then the third stage is of 32 bit Modified SQRT 

CSLA and 64 bit result of multiplication. The primary and initial step in the design of 32X32 bit VM is grouping the 

16 bit of each 32 bit input. These pairs forms vertical, crosswise product terms.    Separate 16X16 bit VM block 

handles each input bit pairs. The schematic depiction of 32X32 bit VM block can be designed using 16X16 bit VM 

blocks.  

4.6. 64x64 bit Vedic Multiplier 

 

Fig 10: Block diagram of 64x64 bit Vedic Multiplier 
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Designing of 64X64 bit VM drawn in Fig 10.Here the first stage is of 32X32 bit VM blocks as a Multiplication unit. 

The second stage is of carry and partial products. Then the third stage comprises of 64 bit Modified SQRT CSLA 

and 128 bit results of multiplication. The primary and initial step in designing of 64X64 bit VM block is to group the 

32 bit of each 64 bit input. These pairs forms vertical in cross and vertical product terms. Separate 32X32 bit VM 

block handles each input bit pairs. The schematic depiction of a 64X64 bit VM can be designed using 32X32 bit VM 

blocks. 

4.7. 128x128 bit Vedic Multiplier 

 

Fig 11: Block diagram of 128x128 bit Vedic Multiplier 

Designing of 128X128 bit VM drawn in Fig 11.Here the 1st stage is of 64X64 bit VM blocks, as a Multiplication 

unit. The second stage is of carry and partial products. Then the third stage is of 128 bit Modified SQRT CSLA and 

256 bit result of multiplication. The primary and initial step in designing of 128X128 bit VM is to group the 64 bit 

of each 128 bit input. These pair forms in cross and vertical product terms. Separate 64X64 bit VM block handles 

each and every input terms. The schematic depiction of 128X128 bit VM block can be designed using 64X64 bit 

VM blocks. 

 

V DEVICE UTILIZATION SUMMARY 

 

Fig 12: Device Utilization Summary of Vedic Multiplier 
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VI POWER REPORT AND TIME DELAY 

 

 

 

Fig 13: Power Report and Time delay of Vedic Multiplier 

VII SIMULATION RESULTS 

 

Fig 14: Simulation Results of Vedic Multiplier 

The Vedic Multiplier using proposed CSLA  is designed on Verilog. Xilinx project navigator 14.5 is used for 

synthesis. Simulation results are shown in Fig 14. 

 

VIII CONCLUSION 

In this paper we have designed the Vedic multiplier using the proposed CSLA which results in the reduction of the 

area and the time delay.  The proposed design speeds up the addition and offer the great advantage in reducing the 

delay. Thus the area and the time delay is  reduced in the proposed Vedic multiplier than the other existing methods. 
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