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ABSTRACT
A new, sensitive, accurate, and precise spectrophotometric method for the determination of ephedrine-hydrochloride
(ephedrine-HCl) was developed. The method based on charge transfer reaction between ephedrine-HCl and
chloranil reagent to form a colored complex absorbs at

387nm. The optimum conditions of charge transfer

complex forms were investigated by (1) univariable method, by optimizing the effect of experimental variables (pH,
reagent volume, temperature and time), (2) central composite design (CCD) including the effect of three
experimental factors (reagent volume, temperature and time). The linearity ranges of ephedrine-HCl are (4-20 &
20-200) µg.mL-1 at 387 nm with molar absorptivity (3.1867 ×103 - 1.6941 × 103) L.mol-1.cm-1, Sandell's sensitivity
index (0.0633 - 0.1230) μg.cm-2 and detection limit of (0.0098 – 0.0546) µg.mL-1. The results showed there is no
interferences of excipients on the determination of the drug. The proposed method has been successfully applied for
the determination of ephedrine-HCl in pure and pharmaceutical preparations.

Keywords: Central composite, Charge transfer complex, Chloranil, Ephedrine-Hydrochloride,
Spectrophotometric determination.
I INTRODUCTION
Ephedrine, chemically named (2-(methylamino)-1-phenylpropan-1-ol hydrochloride) [1]. Is a sympathomimetics drug
which has a direct effect on α-adrenoceptor [2] (Scheme 1)

Scheme 1: The chemical composition of ephedrine-HCl
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Literature survey reveals that quantitation of ephedrine-HCl has been carried out by high performance liquid
chromatography with UV detection [3]. Several spectrophotometric procedures based on formation of charge transfer
complexes with 2, 3-dichloro-5, 6-dicyano-p-benzoquinone

[4]

, 7, 7, 8, 8-tetracyanoquinodimethane

[5]

, bromocresol

green [6], picric acid [7], and chloranilic acid [8]. Other methods based on capillary electrophoresis (125-127) and flow
injection analysis

[9]

were also reported. On the other hand, optimization techniques employing design of

experiments (DOE), however, gain an important role the field of pharmaceutical product/process development since
its first rational use of optimization appeared

[10]

. Many applications of DOE were found for the optimization of

experimental conditions of reaction used for spectrophotometric determination of drugs [11].
The aim of the present study is to suggest a simple and sensitive spectrophotometric procedures for the
determination of ephedrine-HCl in pharmaceutical formulations. The methods are based on the reaction of reaction
between ephedrine-HCl and chloranil reagent to form a colored charge transfer complex. In addition, the reaction
conditions were studied univariatly one-factor-a time and multivaraitly by experimental design approaches in order
to optimize the analytical response.

II EXPERIMENTAL
Shimadzu 1601 double beam UV-visible spectrophotometer possessing a fixed slit width (2 nm) with quartz cells of
10 mm path length connected to a P IV computer loaded with Shimadzu UVPC version 3.9 software were used to
record the absorption spectra.

III MATERIALS AND REAGENTS
All reagents were of analytical grade. Ephedrine hydrochloride was obtained from State Company for Drug
Industries and Medical Appliance (SDI) Samarra-Iraq, Ephedrine-HCl tablets, and syrup were purchased from a
local market.

IV PREPARATION OF STANDARD STOCK SOLUTIONS
Solution of 2000 μg.ml-1 Ephedrine hydrochloride was prepared by dissolving 0.2 g of pure substance in
least amount of ethanol and completed of 100 ml volumetric flask to the mark with acetonitrile, and
stored in a cool (<25 ⁰C) and dark place, working solution were prepared fresh daily. Chloranil solution
0.2% (wt/v) in acetonitrile was prepared fresh daily. Potassium hydrogen phthalate buffer solution
prepared by dissolving 3.0615 gm o of pure substance in 100 ml distilled water, the pH of the solution
was adjusted with sodium hydroxide or hydrochloric acid to 12.9.
V GENERAL RECOMMENDED PROCEDURE
5.1. Under Univariate Conditions
Into different 10 mL measuring flasks, different aliquots of drug solution were transferred to provide two different
final concentration ranges (8-18 μg.mL-1, and 20-200 μg.mL-1). To each flask 0.1 mL of potassium dihydrogen
phosphate buffer solution (pH=12.9) was added and then 2.5 mL of 0.2% of π-acceptor chloranil reagent solution
was added and the volume of the mixture was setup to 3.5 mL with acetonitrile. The solutions were set aside at 35
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⁰C for 30 minutes. The volume was made up to the mark with ethanol and the absorbance was measured against a
reagent blank at respective λmax (387 nm). The calibration graph was prepared by plotting absorbance vs
concentration of Ephedrine hydrochloride.

5.2. Under Multivariate Conditions
In to two series of 10 mL volumetric flasks increasing volumes (0.2-1.0) mL and (0.2-1.0)mL of standard solution
2000 µg.mL-1 of drug solution were transferred. To each flask in both series 0.1 mL of potassium dihydrogen
phosphate buffer solution (pH=12.9) was added and then 2.8 mL of 0.2% of chloranil reagent solution was added
and the volume of the mixture was setup to 4 mL with acetonitrile. The solutions were set aside at 37.4 ⁰C for 39
minutes. The volume was made up to the mark with ethanol and the absorbance was measured against a reagent
blank at respective λmax (387nm). The calibration graph was prepared by plotting absorbance vs concentration of
Ephedrine hydrochloride.

VI PROCEDURES FOR PHARMACEUTICALS FORMULATION
Synthetic tablet samples were prepared, by mixing a known amounts (15 and 30)mg of ephedrine-HCl with 0.05 gm
of mixture ( containing 0.01 gm of each of lactose, maize starch, acacia spray-dried, stearic acid and magnesium
stearate), and used to check the validity of the proposed method due to the lack of this pharmaceutical tablets in the
local market. Solutions containing 150 μg.mL-1 and 300 μg.mL-1 were prepared by dissolving the required amount of
the synthetic mixture least amount of ethanol and completed of 100 ml volumetric flask to the mark with
acetonitrile, the solution then was filtrated using filter paper Whatman No. 41 were keep tightly closed. The
procedure was continued as described under general procedures.

VII STOICHIOMETRIC STUDY
Job’s method of continuous variation was employed. Master equimolar (4.96  10-4 M) solutions of ephedrine-HCl
and chloranil were prepared in acetonitrile. A series of solution of ephedrine-HCl with the chloranil was made up
comprising different complementary proportions (1:9, 2:8, 3:7,4:6,5:5,6:4,7:3.8:2, and 9:1) in 10mL calibrated
flasks. The absorbance of the resulting solutions were measured under optimum recommended conditions at the
wavelength of maximum absorption against reagent blanks treated similarly.

VIII RESULTS AND DISCUSSION
When the solution of ephedrine-HCl (Lewis base) was mixed with solution of π-acceptors (Lewis acid) in
acetonitrile at room temperature, intense coloration was developed, showing a broad bands in the region of 300-480
nm, with λmax at 387 nm (Figure 1), which indicates the formation of charge transfer complex. The colors developed
were not associated with any of the reactants, hence, confirming formation of charge transfer complex. The newly
formed band was accredited to an electron transfer complexation reaction between ephedrine-HCl (lone pair-donor)
and electron deficient π-acceptors Chloranil. The intensity of this band increased with increased concentration of
ephedrine-HCl.
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Figure 1: Absorption spectra of the reaction products of ephedrine-HCl with chloranil against blank
(A), and for reagent blank against acetonitrile (B).
In order to optimize the conditions, a number of parameters namely reagent concentration, time, temperature, and
order of mixing were investigated after adjusting the pH of solution to 12.9 with potassium dihydrogen phosphate
buffer. The optimum conditions were established univariatly by changing one variable and observing its effect on
the absorbance of the colored product (Figure 2).
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Figure 2: Plot of Absorbance of 100 μg.mL-1 of ephedrine-HCl vs. the optimized parameters.
On the other hand, experimental design methodology, central composite design model, was used to multivariate
optimization of three of factors that could have an important effect on the reaction. The factors of interest were p-chloranil
amount, reaction time, and temperature. To study these factors, aliquots were taken of the 0.2% p-chloranil solution and
0.1 mL of phthalate buffer solution. Table 1 shows the equivalent matrix of the central composite design as well as the
absorbance data. The experiment corresponding to the central point executed in four replicates. All experiments were
carried out with solution of ephedrine-HCl set at 100 μg.mL-1.
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Table 1. Matrix and results from of the central composite design
Exp.
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Factors
(X1)
Vol. of
Chloranil (mL)
2.0
0.5
3.5
3.5
0.5
2.0
0.5
2.0
0.5
2.0
2.0
2.0
3.5
3.5
0.5
2.0
2.0
2.0
2.0
3.5

Absorbance
(X2)
(X3)
Reaction Reaction at 387 nm
Time (min) Temp. (ᵒC)
0
35
0.125
25
35
0.407
50
45
1.004
0
45
0.255
0
25
0.051
50
35
1.084
50
25
0.433
25
35
0.921
50
45
0.383
25
35
0.939
25
35
0.939
25
35
0.948
0
25
0.197
25
35
1.000
0
45
0.109
25
35
0.958
25
25
0.832
25
45
0.919
25
35
0.998
50
25
1.068

The experimental data show an excellent fitting using a linear-quadratic second-order polynomial main effects
model (r=0.9591) according to the given equation:
Abs. = -0.569003 + 0.481642 X1 + 0.036111 X2 + 0.013935 X3 -0.084727 (X1)2 - 0.000463 (X2)2 - 0.000186 (X3)2
The results show that the optimum values of the studied parameters are: volume of chloranil solution is 2.8423 mL
(≈ 2.8mL), reaction time is 38.9615 min. (≈ 39 min.), and reaction temperature is 37.3878 ⁰C (≈ 37.4 ⁰C). A threedimensional response surface graph which represent the absorbance values obtained experimentally from central
composite design is given in Figure(3).

Figure 3: Response surface of quadratic model for absorbance values as a function of p-chloranil
volume, reaction time, and reaction temperature.
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IX STOICHIOMETRY OF THE COMPLEX AND ASSOCIATION CONSTANTS
On observing the molar ratio of the ephedrine-HCl chloranil using Job’s method of continuous variation [12], it was
found to be 1:1 Figure (4).

Figure 4: Job’s curve for ephedrine-HCl and chloranil reagent.
The association constants were determined for the interaction of drug with chloranil complex using BenesieHildebrand equation [13]:

When plotting a curve between 1/[Chlo] versus [Eph-HCl]/A, a linear relationship was obtained as in Figure (5).
The value of molar absorptivity (ε) was calculated from the reciprocal of the
3

-1

intercept, and was found to be

-1

2.5×10 L.mol .cm , while the value of (K) the association constant of the obtained from the slope of BenesiHildebrand equation and was 657.72 L.mol-1.

Figure 5: Benesi-Hildebrand plotted of charge transfer complex for Ephedrine-HCl with chloranil.
From the aforementioned results, the standard free energy change of complexation (∆Gᵒ) was calculated (4.023 kg.mol-1) from the association constant by the following equation [24].
∆Gᵒ = -2.303RT log K
where ∆Gᵒ is the free energy change of the complex (kJ.mol-1), R the gas constant (0.001987 kcal. mol-1.deg-1), T the
temperature in Kelvin and K is the association constant of drug-acceptor complexes.
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Accordingly, the reaction mechanism between ephedrine-HCl and chloranil is suggested on the basis of
results mentioned Scheme.

Scheme 2: The proposed mechanism of the reaction between ephedrine-HCl and chloranil reagent

X QUANTIFICATION
With univariate and multivariate experimental design conditions, the intensity of absorption at 387 nm was found to
be a function of the concentration of the ephedrine-HCl. In both cases studied, Beer’s law plots were linear in two
concentration ranges of the drug. The molar absorptivity values were 1.2720 × 103 and 1.9828 × 103 L. mol-1.cm-1
when calibration curve was constructed under those experimental conditions obtained univariatly, while two linear
regression equations were attained for the proposed procedures under multivariate experimental conditions with
values of molar absorptivity of 1.6394 × 103 and 3.1852 × 103 L. mol-1.cm-1 respectively. Table (2) shows other
quantitative and statistical parameters for the determination of ephedrine-HCl.

Table 2: Quantitative parameters for the reaction of the studied ephedrine-HCl with chloranil.
Parameter

Univariate conditions

λmax (nm)
Color

387
Light yellow

Linear range (μg.mL-1)

20-200

Regression equation
Intercept
Molar absorptivity (L.mol
1
.cm-1)

-

Correlation coefficient
-1

Detection Limit (μg.mL )
-2

Sandell's sensitivity (μg.cm )

0.0077

0.012

0.2695

0.0814

20-200

4-20

0.0084

0.0158

0.2918
a

0.0261
3

1.272  103

1.9828  103

0.9997

0.99995

1.6941  10
b
2.5  103
0.9995

0.0539

0.0020

0.0546

0.0098

0.1299

0.0833

0.1230

0.0633

-1

Stability constant K (M )
b

8-18

A = 0.0077[Eph] + 0.2695 A = 0.012 [Eph] + 0.0814 A = 0.0084 [Eph] + 0.2918 A = 0.0158 [Eph] + 0.0261

Slop (L.mg -1.cm -1)

a

Multivariate conditions

3.1867  103
0.9998

657.72

according to Bee’s law
according to Benesi–Hildebrand equation.
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XI PRECESSION AND ACCURACY OF METHOD
The precision and the accuracy of the proposed method were checked under multivariate central composite
conditions by calculating the relative standard deviation percent and relative error percent for five replicates at four
different concentration levels of the drug. Table (3) shows the method precise and accurate results.

Table 3: The precision and accuracy of the proposed method
Taken Conc.
(μg.mL-1)
14
18
100
200

Found Conc.
(μg.mL-1)*
14.04
18.13
99.83
198.54

%Error

%R.S.D

0.3164
0.7384
-0.1667
-0.7262

0.3187
0.1912
0.0084
0.0536

XII INTERFERENCE FROM EXCIPIENTS
Before dealing with the analysis of the pharmaceutical preparations, the effect of common additives and excipients
on the proposed method was experimentally studied. Samples were prepared by mixing 50 mg of ephedrine-HCl
with various amounts of common excipients Lactose, Sucrose, Starch, Magnesium stearate, Sodium citrate, P.H.B,
M.H.B, Avisil, Gelatin, and Talk. The procedure was continued as described under general procedures. Results
show that the presence of the studied excipients cause no significant interference in the determination of 100 μg.mL1

the drug even if they present in concentration up to 1100 μg.mL-1 of each.

XIII ANALYSIS OF PHARMACEUTICAL DOSAGE FORMS
The method was applied successfully to the determination of ephedrine-HCl in pharmaceuticals formulations. The
results obtained (Table 4) for each sample in three replicates, showed an average recovery percent of 97.37% and
98.49% and relative standard deviation percent of 0.3294 and 0.4396% for the synthetic samples at concentration of
15 μg.mL-1 and 30 μg.mL-1 respectively.

Table 4: Analysis of ephedrine-HCl in pharmaceutical form according to the proposed method .
Sample
No.
1
2

Amount of drug (mg)
15
30

Conc. Found of
drug (mg)
14.63
14.63
14.55
29.68
29.42
29.55

Recovery
%
97.37
98.49

RSD
%
0.3294
0.4396

XIV CONCLUSIONS
A simple, rapid, and inexpensive spectrophotometric method for determination of ephedrine-HCl is proposed, which provide gain of
sensitivity without the need of additional step as extraction or heating. The method involve mild reaction conditions and gives precise
and accurate results. Its usefulness for the cited drug determination in pharmaceutical formulations was demonstrated, suggesting its
use as an attractive alternative to many other previously reported methods for analysis of ephedrine-HCl.
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ABSTRACT
Terahertz technology provides a new era in the extension of electromagnetic spectrum uses. Terahertz waves
lies in the region between radio waves and light waves in electromagnetic spectrum. At the lower end of
electromagnetic spectrum lies the radio waves have pretty good characteristics and used in electronics side. At
the higher end frequency of electromagnetic waves there lies the light waves used in photonics applications.
Unfortunately both these radio waves and light waves of our electromagnetic spectrum are not used at its fullest
part. Between these two electronic and photonic ends there lies tera waves which has the interesting part that
tera waves has the benefits of both radio waves and light waves characteristics. Thus a race between photons
and electrons called terawaves can be focused in beneficial applications.
Terahertz (THz) portion of the elec-tromagnetic spectrum (0.1 THz to 35 THz) provides unique features for
materials characterization. THz radiation can penetrate most materialsthus, it can interrogate surfaces, subsurface, and interior layers of a multi-layered material. Unlike X-ray, THz is non-ionizing and does not damage
delicate features. It is safe for live imaging on humans. THz radiation is highly sensitive and can detect
nanometer-size defects.
The available terahertz devices are big, bulky and expensive and it really limits its applications. It endures the
entire evolution in electronic industry. If we look at the driving force of electronics, of half century the
development of silicon based circuits is abundant. Silicon circuits improved from micrometre to nanometre, this
reduction of size results in continuous increase of speed. Silicon based terahertzdevices with this spectrum can
be used in better way.

I. INTRODUCTION
Tera waves transfers huge files quickly, used to detect bombs, poison gas clouds, and concealed weapons. It
Peer through walls and senses explosives with T-ray vision. The truth is that this promising technology is not
much used widely which lies between the microwave and the optical, corresponding to frequencies of about
300 billion hertz to 10 trillion hertz. This radiation does have some uniquely attractive qualities: For example, it
can yield extremely high-resolution images and move vast amounts of data quickly. And yet it is nonionizing,
meaning its photons are not energetic enough to knock electrons off atoms and molecules in human tissue,
which could trigger harmful chemical reactions. The waves also stimulate molecular and electronic motions in
many materials—reflecting off some, propagating through others, and being absorbed by the rest. These features
have been exploited in laboratory demonstrations to identify explosives, reveal hidden weapons, check
for defects in tiles on the space shuttle, and screen for skin cancer and tooth decay.
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1.1 Motivation for the Promising Technology
TeraHertz (THz), the frequencies between electronics and optics, was until recently the last unexploited part of
the electro-magnetic spectrum. The harnessing of THz-based technologies
has the potential of impacting globally a vast number of industries, like both electronics in the 70’s and optics in
the 80’s did. THz applications span over a wide array of fields, including: Quality Control and Non-destructive
testing, Surface analysis, Security, Chemical and Bio Medical analysis, Telecommunications. Filling the
Terahertz ―gap‖ has led to unprecedented creativity in the development and commercialization of TeraHertz
sources, transmission components and detectors. This paper provides a unique clue to network with specialists,
converge know-how, and scout for innovative applications.

1.2 Objectives
The major objective of this proposed paper is to reveal about the latest TeraHertz technologies and their market
potential, to discover examples of TeraHertz applications and the corresponding industrial opportunities and to
network with specialists in this emerging field.

1.3 Properties of Terahertz Radiation
The terahertz range refers to electromagnetic waves with frequencies between 100 GHz and 10 THz, or
wavelengths between 3 mm and 30 μm. Light between radio waves and infrared has some unique properties.


Frequency range 100 GHz .. 10 THz, wavelengths 3 mm .. 30 µm



Also known as far-infrared or sub-millimeter waves



Non-ionizing, but penetrates clothing, paper, cardboard, plastics, …



Absorbed by water and many organic substances



High chemical sensitivity
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Terahertz waves pass through a variety of amorphous substances – many synthetics and textiles, but also paper
and cardboard are transparent to terahertz waves. Many biomolecules, proteins, explosives or narcotics also
feature characteristic absorption lines, so-called spectral ―fingerprints‖, at frequencies between 0.1 and 2 THz.
The two main advantages of terahertz radiation are thus the penetration of conventionally opaque materials on
one hand, and a high chemical selectivity on the other hand.
One of the strongest absorbers for terahertz radiation is water, which – depending on the application – turns out
to be a blessing or a curse: Air moisture limits the propagation of terahertz rays to a few meters, but vice versa,
the characteristic fingerprint enables a high precision in humidity-sensitive measurements. Liquid water is an
even more dominant absorber than water vapour. Unlike X-rays, terahertz waves do not have any ionizing
effects and are generally considered biologically innocuous.

II. THZ NEW OPPORTUNITIES FOR INDUSTRIES
To know about the commercialization of terahertz technology, its source, transmission and detection
methodologies have to be understood. THz Sources based on: Solid State, Gyrotron, Extended, Interaction
Klystron (EIK), Quantum Cascade Laser (QCL), THz Pulses: Generation, DetectionTHz Transmission:
Waveguides, Antennas and other communication Technologies. Terahertz possible industrial applications
includeInspection & Security, Non-destructive Testing & Evaluation, Communication, Medical & Analysis,
Pharmaceutical, and Time-domain Spectroscopy.

2.1 Terahertz Sources


Electronic systems: High power, ideal for terahertz imaging



Optoelectronic systems: High bandwidth, ideal for spectroscopy



Pulsed lasers: Fast measurements, broad spectrum



Continuous wave lasers: Precisely tunable, highest spectral resolution

The spectroscopically interesting frequency band of a 0.5 – 3 THz is not easily accessible. Electronic sources
like Gunn or Schottky diodes with subsequent frequency multipliers, provide high output levels (mW range) up
to some 100 GHz, yet become inefficient in the submillimeter range. Direct optical sources, like quantum
cascade lasers, are usually limited to frequencies > 5 THz, even when operated at cryogenic temperatures.
Optoelectronic terahertz generation is an expression for indirect methods, where near-infrared laser light
illuminates a metal-semiconductor-metal structure, generating a photocurrent that becomes the source of a
terahertz wave. Both pulsedand continuous-wave (cw) techniques have been realized, and both have their
advantages and limitations. Pulsed terahertz radiation offers a higher bandwidth (typically 0.1 .. 5 THz) and
permits very fast measurements – a spectrum can be acquired within milliseconds. On the other hand, the
frequency resolution is limited to several GHz. Vice versa, a cw system features a somewhat lower bandwidth
(typ. 0.1 .. 2 THz) and requires longer measurement times – acquiring a spectrum takes several minutes –, yet
the frequency can be controlled with extreme precision (down to single MHz).
Many research labs offers ultrafast fiber lasers and a new spectroscopy setup for pulsed terahertz generation,
and DFB diode lasers for cw terahertz applications. Our Spectroscopy Extensions provides all required
components to get an actual measurement started. Complete ―TopSeller‖ configurations are available for some
of the most common frequency-domain terahertz applications.
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2.2 Terahertz Components
In this section, we highlight a few of the major componenttechnologies that have been developed for terahertz
applications.They broadly fall into two categories: sensors andsources. Space does not permit us to examine
other terahertzcomponent building blocks such as guiding structures,quasi-optics, antennas, filters, or
submillimeter-wave materials.

III. THE NEED OF HIGH PERFORMANCE TOOLS IN MANY FIELDSIS A GREAT
OPPORTUNITY FOR THZ TECHNOLOGIES
After techniques like ultrasound or IR Terahertz is becoming a new competing technology for inspection,
control and monitoring.Because of their ability to penetrate through barrier materials (clothes,packaging), to
perform non-contactand non-ionizing testing, THz systems are starting to compete with less safe technologies
like X-rays or nuclear.THz technologies are also expected toopen new applications, especially inBiomedical and
in Telecommunications,that are going to become the drivers of the THz market growth in 5 to 10 years. This
report provides a study of THz potential and challenges in more than 25 market segments such as mail scanning,
oncology, composites NDT, wireless communications, as well as an application roadmap for the next decade.

3.1 Terahertz Transistors
The terahertz transistor basically has higher speed (in GHz), High power efficiency, and high heat reduction
capacity. These transistors have a fast switching rate of more than trillion times per sec. They also have the
capability to perform 50 to 100 times faster than normal traditional transistors. The first terahertz transistor was
only capable for handling 3GHz. But the latest terahertz transistors is capable of handling more than 800 GHz
(scientists at the University of Illinois at Urbana-Campaign have discovered a transistor with a frequency of
845GHz and 300GHz faster than previous discovery).By using this technology, we can create lot of real time
functioning and powerful computing techniques such as grid computing, nano-computing and other researches.
Terahertz transistors basically contain three major changes than other conventional transistors. They have
thicker source and drain regions and a special ultra thin insulating silicon layer too. These silicon layers
integrate below the source drain region. The comparison between terahertz transistor and normal transistor is
given below.

Fig. 3 Comparison Between Terahertz Transistor and Normal Transistor

5770 | P a g e

International Conference On Recent Trends In Engineering Science And Management

ISBN: 978-81-931039-2-0

Jawaharlal Nehru University, Convention Center, New Delhi (India), 15 March 2015

www.conferenceworld.in

Terahertz transistors are from made from indium phosphide and indium gallium arsenide that helps to increase
its speed and thermal handling efficiency. The grading is an important factor that affects the transistor
performance. The compositional grading of these components enhances the electron velocity and also improves
its efficiency too. The construction of these transistors is very complex and researchers also refine their
fabrication process to produce tinier transistor components as compared to normal transistor. They are designed
to be very thin in shape and size (12.5nM approx). Vertical fabrication scaling process is usually used so as to
reduce the distance of electron travel and produce a higher speed with better efficiency than before.

IV. APPLICATIONS
The TeraHertz gap is filling up fast, because there are great opportunities for new technological developments in
testing, security, analysis, communication etc...


Dynamic Nuclear Polarization for Nuclear Magnetic Resonance



Dynamic Nuclear Polarization for targets used in nuclear research



Time-domain THz spectroscopy

4.1 The Terahertz Market Will Reach Around€350m In 2022 !
THz Applications Industrial NDT Defense & Security Biomedical Other Composition analysis Pharmaceutical
products QC Explosives and harmful materials

point sensing Bio/Chemical agents detection Oncology

Dentistry High-speed outside communication Broadband indoor communication Control of semiconductors
Other Applications Mail scanning Baggage & package imaging Biosensors Astrophysics Atmospheric
Chemistry Other Applications

V. CONCLUSION AND FUTURISTIC APPROACH
The 0.1 to 10 THz frequency range of the electromagnetic spectrum is where electrical transport and optical
transitions merge, thus offering exciting opportunities to study a variety of novel physical phenomena. By
combining THz technology and nanotechnology, we can advance our understanding of THz physics while
improving and developing THz devices. In developing countries like India terahertz technology has not yet
anchored widely. The traces of research in tera science could be deep rooted with this frame sheet. In particular,
recent advances in the study of THz dynamics in carbon nanomaterials — carbon nanotubes and graphene —
have not only broadened our horizon of THz research but also generated new excitement regarding their exotic
AC properties and potential towards novel applications. The new approach terahertz nano science is the
advancement can be focused in future. Every technology is focusing towards nanoscience, and it can be
extended to terahertz technology also. Futuristic doors can be knocked in the areas of Absorption, emission, and
scattering of THz waves in nanostructures, Ultrafast dynamics of carriers, excitons, and phonons in
nanostructures, Nonlinear optical spectroscopy using intense THz radiation, THz sources and detectors based on
nanostructures, Coherent THz magneto-optical and electro-optical spectroscopy, High-frequency electronic
devices, THz sensing and imaging using nanostructures, growth and purification of nanomaterials for THz
studies.
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ABSTRACT
In this paper, we focus on sleep scheduling for geographic routing in duty-cycled WSNs with mobile sensors
and propose two geographic-distance-based connected-k neighborhood (GCKN) sleep scheduling algorithms.
The first one is the geographic-distance-based connected-k neighborhood for first path (GCKNF) sleep
scheduling algorithm. The second one is the geographic-distance-based connected-k neighborhood for all paths
(GCKNA) sleep scheduling algorithm. By theoretical analysis and simulations, we show that when there are
mobile sensors, geographic routing can achieve much shorter average lengths for the first transmission path
explored in WSNs employing GCKNF sleep scheduling and all transmission paths searched in WSNs employing
GCKNA sleep scheduling compared with those in WSNs employing mobile sensors using Weighted Rendezvous
Planning (WRP).

Keywords: Connected-k neighborhood (CKN), duty-cycle, geographic routing, mobility, wireless
sensor networks (WSNs)
I. INTRODUCTION
Geographic routing is one of the most promising routing schemes in wireless sensor networks (WSNs) due to
its simplicity, scalability, and efficiency. In such a scheme, regardless of the network size, the forwarding
decision is determined purely based on the location of each node and it can be done even when there are
irregular radio ranges and localization errors.
However, nearly all these works overlook one important fact that sensors can actually be mobile to gain better
energy efficiency, channel capacity, etc., and enable a lot of new application scenarios. For example, because
sensors can move, they can transmit their data from different locations and avoid the problem that sensors near
the gateway or sink always exhaust their energy first; thus, energy usage can be more efficient . Also, mobile
sensors such as mobile phones or cars can become the interface between the information center and the mobile
customers; thus, real-time information (e.g., traffic information) transmitted from the information center to these
mobile objects can be provided to nearby customers.
Recently, the research focus of geographic routing is centering on WSNs with duty-cycles, since dutycycled
WSNs have a natural advantage of saving energy by dynamically putting nodes to sleep and waking them
according to some sleep scheduling algorithms.
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This paper addresses the sleep scheduling problem in dutycycled WSNs with mobile nodes

employing

geographic routing. We propose two geographic-distance-based connected-k neighborhood (GCKN) sleep
scheduling algorithms. The first one is the geographic-distance-based connected-kneighborhood for first path1
(GCKNF) sleep scheduling algorithm, aiming at geographic routing utilizing only the first transmission path in
duty-cycled mobile WSNs. The second one is the geographic-distance-based connected k neighborhood for all
paths2 (GCKNA) sleep scheduling algorithm, for geographic routing concerning all paths explored in dutycycled mobile WSNs.
The main contributions of this paper are summarized as follows.
1) This paper is proposing and analyzing sleep scheduling algorithms for geographic routing in duty-cycled
mobile WSNs, which take full advantages of both duty cycling and sensor mobility.
2) This paper proposes two GCKN algorithms, GCKNF and GCKNA sleep scheduling algorithms. The GCKNF
sleep scheduling algorithm is designed to explore shorter first transmission paths for geographic routing in dutycycled mobile WSNs.
3) The GCKNA sleep scheduling algorithm aims at shortening all routing paths for multipath transmissions in
duty-cycled mobile WSNs. These GCKN algorithms incorporate the connected-k neighborhood requirement and
geographic routing requirement to change the asleep or awake state of sensor nodes.

1.1 Geographic Routing
The basic idea of geographic routing is greedy routing. Specifically, each packet is tagged with the coordinates
of its destination, all nodes know their own coordinates, and a node forward the packet to its neighbor that is
geographically closest to the destination.

1.2 Sleep Scheduling
The basic mechanism for sleep scheduling is to select a subset of nodes to be awake in a given epoch while the
remaining nodes are in the sleep state that minimizes power consumption, so that the overall energy
consumption can be reduced.

II. EXISTING SYSTEM
In the existing method, a hybrid unconstrained movement pattern for a mobile sink with the aim of balancing
the energy consumption of sensor nodes called WRP. We prefer nodes that have a high degree. This is critical as
sensor nodes in dense parts of a WSN generate the highest number of packets.

2.1 Weighted Rendezvous Planning
WRP preferentially designates sensor nodes with the highest weight as a RP. The weight of a sensor node is
calculated by multiplying the number of packets that it forwards by its hop distance to the closest RP on the
tour. Thus, the weight of sensor node i is calculated as
Wi = NFD(i) × H(i,M)

(1)

Based on (1), sensor nodes that are one hop away from an RP and have one data packet buffered get the
minimum weight. Hence, sensor nodes that are farther away from the selected RPs or have more than one packet
in their buffer have a higher priority of being recruited as an RP. Hence, visiting the highest weighted node will
reduce the number of multi-hop transmissions and thereby minimizes the energy consumption.
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Fig 1 Example of WRP operating in a WSN with ten nodes.
Fig. 1 shows an example of how WRP finds a traveling tour for a mobile sink. The maximum tour length is
lmax = 90m. WRP starts from the sink node and adds it to the tour, i.e.,M =[Sink]. Then, an SPT rooted at the
sink node is constructed.[Fig. 1(a)]. In the first iteration, WRP adds node 10 to the tour because it has the
highest weight, yielding M = [Sink, 10]. As Fig. 1(b) shows, the tour length of M is smaller than the required
tour length (56 < 90), meaning node 10 stays in the final tour. In the second iteration, WRP recalculates the
weight of sensor nodes because node 10 is now part of the tour. In this iteration, WRP selects node 6 as the next
RP, which has the highest weight.
As Fig. 1(c) shows, the tour length of M = [Sink, 10, 6] is larger than the required tour length (119 > 90).
Consequently, WRP removes node 6 from the tour M = [Sink, 10].In the third iteration, the weight of sensor
nodes will not change because node 6 is not selected as an RP but it stays marked and will not be selected.WRP
selects node 8 because it has the highest weight and is not marked . The TSP function returns 76 m for M =
[Sink, 10, 8], which is less than 90 m. Therefore, node 8 is added to the tour. The process continues, yielding a
final tour of M = [Sink, 8, 7, 10, 9] with a tour length of 81 m, which is less than the required tour length [see
Fig. 1(e)].

III. PROPOSED SYSTEM
We consider the following six factors for both GCKNF and GCKNA.
1.

A node should go to sleep assuming that at least k of its neighbors will remain awake so as to save energy
as well as keep it k-connected.

2.

The asleep or awake state of nodes should be allowed to change between epochs so that all nodes can have
the opportunity to sleep and avoid staying awake all the time, thus distributing the sensing, processing, and
routing tasks across the network to prolong the network lifetime.
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3.

Although each node decides to sleep or wake up locally, the whole network should be globally connected so
that data transmissions can be performed.

4.

Each node should have enough initial

neighbors in order to make it easier for the node to satisfy the

connected-k neighborhood requirement; thus, it is more likely to be asleep after sleep scheduling. For
GCKNF, which emphasizes the first transmission path of geographic routing, we further take the following
factor into account.
5.

The neighbor of each node, which is closest to sink, should be awake so that geographic routing can utilize
these nearest neighbor nodes to make the first transmission path as short as possible. For GCKNA, which
considers all transmission paths, we further take the following factor into consideration.

6.

For each node, as many as possible of its neighbor nodes that are closer to the sink should be awake so that
geographic routing can make all transmission paths as short as possible.

3.1 Pseudocode of GCKNF Algorithm
First: Run the following at each node u.
1) Send probe packet pu to neighbors and receive the ack packet.
2) Compute whether u’s current neighbors CNu ≥ min(k, du).
3) Maintain its transmission radius if the above the condition holds or its current transmission radius is
maximum. Otherwise, increase its transmission radius until CNu ≥ min(k, du).
Second: Run the following at each node u.
1) Get its geographic location gu and sink location gs.
2) Broadcast gu and receive the geographic locations of its all neighbors Au. Let Gu be the set of these
geographic locations.
3) Unicast a flag to w, w ∈ Au and gw is the closest to sink in Gu.
Third: Run the following at each node u.
1) Pick a random rank ranku.
2) Broadcast ranku and receive the ranks of its currently awake neighbors Nu. Let Ru be the set of these ranks.
3) Broadcast Ru and receive Rv from each v ∈ Nu.
4) If |Nu| < k or |Nv| < k for any v ∈ Nu, remain awake.
Return.
5) Compute Cu = {v|v ∈ Nu and rankv < ranku}.
6) Go to sleep if the following three conditions hold.
Remain awake otherwise
• Any two nodes in Cu are connected either directly themselves or indirectly through nodes within u’s two-hop
neighborhood that have rank less than ranku.
• Any node in Nu has at least k neighbors from Cu.
• It does not receive a flag.

3.2 Pseudocode of GCKNA Algorithm
First: Run the following at each node u.
1) Send probe packet pu to neighbors and receive the ack packet.
2) Compute whether u’s current neighbors CNu > min (k, du).
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3) Maintain its transmission radius if the above condition holds or its current transmission radius is the
maximum.
Otherwise, increase its transmission radius until CNu ≥ min(k, du).
Second: Run the following at each node u.
1) Get its geographic location gu and sink location gs. Further get the geographic distance between itself and
sink granku.
2) Broadcast granku and receive the geographic distance ranks of its currently awake neighbors Nu.Let Ru be
the set of these ranks.
3) Broadcast Ru and receive Rv from each v ∈ Nu.
4) If |Nu| < k or |Nv| < k for any v ∈ Nu, remain awake.
Return.
5) Compute Cu = {v|v ∈ Nu and grankv < granku}.
6) Go to sleep if both the following conditions hold.
Remain awake otherwise.
• Any two nodes in Cu are connected either directly themselves or indirectly through nodes within u’s twohop neighborhood that have grank less than granku.
• Any node in Nu has at least k neighbors from Cu.
7) Return.

3.3 Analysis of GCKN Algorithms
Theorem 1
Node u will have at least min (k, ou) awake neighbors after running GCKN algorithms, if it has ou neighbors in
the original network.
Proof
If ou < k, all of u’s neighbors should keep awake (Step 4 of the third part of GCKNF or Step 4 of the second
part of GCKNA) and the node will have ou awake neighbors. Otherwise, when ou ≥ k, we prove the theorem by
contradiction. Suppose that node u will not have at least k awake neighbors after running GCKN algorithms, i.e.,
we can assume that the i’th lowest ranked (for GCKNF) or granked (for GCKNA) neighbor v of u, i ≤ k, decides
to sleep. Then Cu will have at most i − 1 nodes that are neighbors of u. But since i − 1 < k, v cannot go to sleep
according to the Step 6 of third part of GCKNF or Step 6 of second part of GCKNA. This is a contradiction. In
other words, the k lowest granked neighbors of u will all remain awake after running the algorithm, and hence, u
will have at least k awake neighbors.
Theorem 2
Running GCKN algorithms produces a connected-network if the original network is connected.
Proof
We prove this theorem by contradiction. Assuming that the output network after running GCKN algorithms is
not connected. Then, we put the deleted nodes (asleep nodes decided by GCKN algorithms) back in the network
in ascending order of their ranks (for GCKNF) or granks (for GCKNA), and let u be the first node that makes
the network connected again. Note that by the time we put u back, all the members of Cu are already present and
nodes in Cu are already connected since they are connected by nodes with rank < ranku (for GCKNF) or grank
< granku (for GCKNA). Let v be a node that was disconnected from Cu but now gets connected to Cu by u. But

5777 | P a g e

International Conference On Recent Trends In Engineering Science And Management

ISBN: 978-81-931039-2-0

Jawaharlal Nehru University, Convention Center, New Delhi (India), 15 March 2015

www.conferenceworld.in

this contradicts the fact that u can sleep only if all its neighbors (including v) are connected to ≥ k nodes in Cu
(Step 6 of third part of GCKNF or Step 6 of second part of GCKNA).
Theorem 3
GCKN sleep scheduling-based WSN can provide as short as possible transmission path explored by geographic
routing when there are mobile sensor nodes.
Proof
We prove this by analyzing the resultant topology after running GCKNF or GCKNA. Concerning GCKNF,
given that there is a network Ngcknf resulting from GCKNF, based on the algorithm presentation of GCKNF,
we can deduce that the neighbor node that is closest to the sink for any node,will be among the awake nodes of
the Ngcknf (Step 6 of the third part of GCKNF). In other words, no matter which node the geographic routing
chooses to be the first forwarding node, all successor nodes closest to sink can be utilized by the geographic
routing. Thus, the length of the first transmission path explored by geographic routing can be as short as
possible.
Regarding GCKNA, assume that there is a network Ngckna created by GCKNA. From the algorithm description
of GCKNA, we can determine that for any node, say u, if it determines to be asleep, it must make sure that
either 1) its all awake 1-hop neighbor nodes are connected by themselves with grank < granku or connected by
their two-hop neighbor nodes with grank < granku; 2) any of its awake one-hop neighbor nodes should have at
least k neighbor nodes from the subset of the one-hop neighbor nodes with grank < granku (Step 6 of the second
part of GCKNA). This means that compared with the asleep nodes, the awake nodes generally have closer
geographic distance to the sink. In other words, geographic routing can have access to as many as possible
closer neighbor nodes to the sink under the priority of network connectivity after sleep scheduling. Thus, the
length of all transmission paths searched by geographic routing can also be as short as possible.

IV. SIMULATION RESULTS
We compare the results of sleep algorithms with the existing Weighted Rendezvous Planning (WRP) and
Cluster Based (CB) simulated using NS2.

Fig 2 Simulation result of connected-k neighborhood for first path (GCKNF) sleep scheduling
algorithm
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Graph1 Data packet forwarding overhead

Graph 2 End-to-End Delay

From the graph1 it is clear that the packet forwarding is greater for the proposed than the existing methods.
From the graph2 it is clear that the delay is lesser for the proposed method when compared with the existing
methods.

V. CONCLUSION
In this paper, we have explored geographic routing in duty-cycled mobile WSNs and proposed two geographicdistance based connected-k neighborhood (GCKN) sleep scheduling algorithms for geographic routing schemes
to be applied into duty-cycled mobile WSNs which can incorporate the advantage of sleep scheduling and
mobility. The first geographic-distance based connected-k neighborhood

for first path (GCKNF) sleep

scheduling algorithm minimizes the length of first transmission path explored by geographic routing in dutycycled mobile WSNs. The second geographic-distance based connected-k neighborhood

for all paths

(GCKNA) sleep scheduling algorithm reduces the length of all paths searched by geographic routing in dutycycled mobile WSNs. Our work has shown that sleep scheduling is a worthy research direction to adapt
geographic forwarding methods into duty-cycled mobile WSNs.
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ABSTRACT
Embedded technology is one of the most emerging technologies in the modern era. With the development of
network technology and communication technology that needs industrial control can be completed via ethernet
has become a trend. Here the proposed system consists of ARM processor with an external Ethernet interface
controller and whole system can function as a web server controlling various devices and displaying their status
on LCD. The main aim is to develop an embedded web server using ARM processor & real time operating
system .For software implementation we have used ‘C’ language .HTML is used for developing web pages. .
Both, the operating system and the web server application are ported on the ARM processor. This embedded
web server is tested for its working, using a data acquisition web application hosted over a network of PC's.
This idea is utilized for monitoring & controlling various devices such as Printer, Scanner, fax machine, fan
using relay drivers .Ethernet module can communicate to the owner of the overall system ,who is able to
manage devices from any location outside. This embedded web server which is developed by using Embedded C
language can be beneficial for mission critical applications, remote data acquisition systems, ATM network and
more. The developed web server accelerates business performance by automating and orchestrating processes
across total enterprises. Enterprise users can collaborate more flexibly and cost-effectively with business and
trading partners.
The application of this system is not only limited to electronic field but can also be used in civil infra structures
simply by using a SMART SENSOR for montoring and controlling long term degradation. Assessment of
structural integrity after catastropjic events such as earthquakes, hurricanes, tornado’s ,fires. The ability to
continuosly monitor the integrity and control the response of structures in real time can provide for increased
safety to the public, particularly with regard to the aging structures widely used today.We describe the
application of civil infrastructure for Monitoring and controlling long term degradation & bridge safety is the
major concern to the government and the people. Although there are so much safety majors taken to ensure the
protection of bridge, still there is no effective system which can monitor and control the status of the highway
bridges from a centralized location. Aim of this proposed project is to develop the device that monitor the
vibrations on the bridges, control the vehicles traffics on bridge by the traffic signal and carry the appropriate
weight of vehicle on bridge. The values of these parameters are updated on the main PC server with the regular
span of interval. The administrator helps to monitor the condition from any location in a web page. So it
provides the idea related to maximum weight carriage capacity of the bridge & safety of the bridge. So any
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emergency situation like natural calamities such as earthquake, hurricanes, tornadoes, fire etc. occurs, the
decision can be taken immediately after verifying the live data. This project has ARM processor based
embedded system connected to Ethernet module which is connected to router. Personal IP address enters on
HTML web page & this address is called from the host which is connected to the router.

Keywords: ARM processor, Accelerometer, Bridge safety, Ethernet, HTML, IP address, Load cell.
I. INTRODUCTION
An embedded system is a device that has computer intelligence and is dedicated toper forming a single task, or a
group of related tasks. Embedded systems often perform monitoring and control functions such as gathering and
reporting sensor readings or controlling motors and switches. They’re called embedded systems because the
program code is an integral part of, or embedded in, the devices.

1.1 Aim of the Project
Main aim of this project is to connect a arm processor to LAN or Internet and use it as a web server.
With the rapid development of Internet information technology, those field bus and Industrial Ethernet which
are of high-specialization and high cost and are used in control areas are gradually being replaced by Ethernet.
Embedded systems and Internet technology are combined to form a new technology - the Embedded Internet
Technology, which developed with the popularization of computer network technology in recent years .Without
restrictions from devices and systems, this technology could function in the hardware and software as long they
are connected. Only by using web browser through the Ethernet and TCP/IP protocol can users get access to
variety of information. It brings great convenience to remote video monitoring and equipment management.
The demand for Internet-connected products is growing. According to International Data Corporation, the
industry analyst group, the market for Internet-connected goods will be worth around $17.8 billion by 2004.
More and more the Internet is seen as the most cost-effective way of remotely monitoring and controlling
embedded systems. With the availability of standards-based embedded enabling technology at low cost the entry
level for companies looking to gain benefit from Internet-connected technology has been significantly
improved.

1.2 Historical Background
Using embedded and Ethernet technology for industrial network has become an important point for technology
of measuring and instrument, corresponding to huge development in computer and Internet technology. Industry
has been very successful in design and manufacture of complex embedded system. Such as modern vehicles
(control, information, entertainment etc), monitor system, telecommunication system, wireless communication
systems, and the automation systems.
These embedded systems are becoming more and more complex, distributed, interconnected, and based on
distributed computing to a larger extent.
In a world where more services are relying on internet technology, security is an essential. Compromises in the
security of servers can affect the quality and integrity of the service being offered. Security breaches include
Intrusion, Information Theft, Modification, and Denial of Service
(DoS) and Distributed Denial of Service (DDoS). DoS attacks are the most conspicuous attacks since they keep
legitimate users from accessing the service that they are entitled to by consuming the server's resources such as
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bandwidth, CPU cycles, data structures, etc. Consequently, providers and consumers suffer because the
technology these services are relying upon has been attacked. A DoS attack on a system succeeds by means of
exploiting a weakness that leads to the server being overwhelmed. For example, a simple DoS attack can exploit
a system’s insufficient bandwidth by simply flooding it with packets whose IP addresses are unreachable. In
DoS the source of the attack is a single host while in the DoS multiple sources target the same destination. Both
forms of attack have the same result but not always the same network traffic behavior.

II. SYSTEM ARCHITECTURE
The architecture of Embedded Web Server consists of client/server, browser/server for easy maintenance, more
flexibility, up gradation and low development cost. There is a difference between client/server and
browser/server. The difference is that there is a no need of development of client program in browser/server, so
that it becomes easy for the developers to concentrate on improvement of the server and this mode is simple to
use, easy to extend and convenient to maintain. EWS excels traditional PC server for its low power
consumption, small size, high performance, low cost, portable and easy to deploy. It can achieve better
performance under flexible environment, which require real time response and high systems net reliability. Fig.
shows

the

proposed

concept

of

monitoring

and

controlling
highway
system

bridges

with architecture of

EWS.

Figure: Architecture of EWS
III. HARDWARE DESIGN
Fig. shows the block diagram of monitoring and controlling highway bridges using Ethernet control
system for embedded web server using ARM processor.
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Figure: Block diagram of hardware system
3.1Arm Processor
ARM processor is 16-bit/32-bit ARM 7 TDMI-SCPU having real time emulation and embedded trace support ,
ARM processor have Embedded flash memory ranging from 32Kb to 512Kb. LPC2148 tiny in size with low
power consumption which is ideally used for miniaturization such as access control and point of sale. Serial
communication interfaces ranging from a USB 2.0 full speed device, multiple UART’s, SPI, SSP to I2C bus and
on chip SRAM of 8Kb up to 40Kb.

3.2 Accelerometer
The MMA6361L/MMA7361L is a low power, low profile capacitive a michro machined accelerometer
featuring is signal conditioning, a 1-pole low pass filter, temperature compensation and g-select which not
require external devices. The MMA6361L/MMA7361L includes a sleep mode that makes it ideal for handheld
battery power electronics. For bridge monitoring and controlling 2- axes accelerometer is used that can be
interfaced to analog channels of ADC. 1-accelerometer used on the ground floor near the pillar of the bridge and
another accelerometer is used on the top of the bridge. The accelerometers are used for the vibration
measurement.

3.3 load Cell
Load cell is used to measure the weight carried out by the bridge load cell outputs a low voltage analog output
which has to be amplified and then fed to ADC.

3.4 Ethernet Module
The name Ethernet invented from the concept of Ether. The Ethernet is the standard of signal and number of
wiring for the physical layer of OSI model through the network access at the media access control (MAC) and
data link layer. Ethernet station communicates to each other on the top of the physical layer by transmitting the
data packets and small blocks of data. Standard IEEE 802.3 is the standard of Ethernet. Twisted pair is
combined versions of Ethernet for connecting the end systems to the network analog with the fiber optic
versions for site backbone, is the most wide spread wired LAN technology.

IV. SOFTWARE DESIGN
Embedded C: As the ARM processor used for this concept, it require using the programming language
“EmbeddedC”. The “Embedded C” is efficient high level gives the low level and high level access to the
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hardware. It is well defined language. It supports middle level, high level and low level features. The embedded
C run time library contains many standard routine such as conversion of numeric formatted output floating point
arithmetic. This is a very portable language based on ANSI standard and it is easily obtained for most
system.TCP/IP Protocol: TCP/IP protocol suite is the communication protocol which implements the stack of
protocol on which the most commercial network and internet executes. TCP provides the reliable sequential
delivery of stream of octets from a program on one PC to another program on another PC. TCP protocol is
utilized by measured internet application like WWW transferring of file, administration of remote and E-mails.
TCP/IP suite is the two layer programming, assembling of messages or a smaller packet file are managed by the
higher layer and these of messages or file into smaller packets are transmitted to the internet and received by the
TCP layer and that reassembles the packets into the original message and the lower layer that means internet
protocol manages the addressing part of the each packets so it will reaches to the correct location. HTTP
protocol: HTTP protocol is used to communicate between web browser and web server this protocol is the frame
work of web communication by providing the control information handling request are transmitted between
server and browser. Client-server communication: Client access the equipments which are connected to the
server then it enters configured IP address and it monitor the equipments through the HTML web page.

V. OUR APPROACH
Our approach is to monitor and control the vibration measurement and load rating on the highway bridges to
avoid the accident by using Ethernet control system and EWS. Web server technology is developed for bridge
monitoring which is interfaced with both accelerometer and load cell to facilitate vibration sensing of natural
calamities on bridge evaluation and load rating on bridges to avoid the accident due to natural calamities and
natural troubles related to environment. Put one of the accelerometer on the top of the bridge and another
accelerometer on the ground floor near the pillar of the bridge for vibration measurement. Load cell mounted
below the pillar of the bridge. So it will identify that how much weight of the vehicles bridge can carry? If the
weight on the bridge is more than its limit then it will glow the red LED and passes the message as “bridge is
blocked” and if the weight on the bridge is within its limit then the green LED will glow and passes the message
as “you may go now” and if accelerometer senses any natural calamities then it will display the web page
through Ethernet.
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Figure: Web Page of Bridge Monitoring System
VI. CONCLUSION
The embedded web server that has been designed can be used with industrial equipment medical instrument,
controlling and monitoring of bridges and dam (civil infrastructures) in many other places. An administrator
monitor and control the device with a simple but enhanced and much powerful user interface without additional
hardware. Poorly designed and configured software architecture might even generate high response time while
the physical resources display low utilization. A remote user only requires common internet browser to carry out
experiments on real hardware.
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ABSTRACT
Voltage sags caused by the short-circuit faults in transmission and distribution lines have become one of the
most important power quality problems facing industrial customers and utilities. Voltage sags are normally
described by characteristics of both magnitude and duration, but phase angle jump should be taken into
account in identifying sag phenomena and finding their solutions. A new voltage sag detection method based
on wavelet transform is developed. Voltage sag detection algorithms, so far have provided their efficiency
and computational ability. Several windowing techniques take long durations for disturbance detection. Due
to increasing power quality standards new high quality performance disturbance detection techniques are
necessary to obtain high power quality standard. Also research has been carried out for the last decade to
isolate voltage sag detection form other voltage disturbances. In this seminar a novel approach of wavelet
transform has been carried out to detect voltage sag duration and magnitude. Results show that, the new
approach provides very accurate and satisfactory voltage sag detection.
For monitoring power quality problems,the wavelet transform is a powerful tool. Different wavelet analysis
(discrete or wavelet-packet transform), with different mother wavelet, decomposition tree and different
sampling rate is performed on the input signal in real-time. The wavelet transform and the proposed
hardware and software solutions adopted for setting up the instrument are presented. The real signals from
chroma programming are used in LabVIEW algorithm by Data Acquisition (DAQ) card. To obtain the
results sDAQ digitizes the input line signal.It demonstrates performance of the instrument developed for the
detection and analysis of different power quality disturbances.

Keywords: Dyadic Analysis, Labview, Point-On Wave, Power Quality, Voltage Sag, Wavelet
Transform
I. INTRODUCTION
According to IEEE standard 1159-1995, a voltage sag is defined as a decrease in rms voltage down to 90%
to 10% of nominal voltage for a time greater than 0.5 cycles of the power frequency but less than or equal to
one minute Voltage sag may be caused by switching operations associated with a temporary disconnection
of supply, the flow of inrush currents associated with the starting of motor loads, or the flow of fault
currents.
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Fig.1 Voltage Sag
Lighting strikes can also cause voltage sags. The interests in the voltage sags are increasing because they
cause the detrimental effects on the several sensitive equipments such as adjustable-speed drives, processcontrol equipments, programmable logic controllers, robotics, computers and diagnostic systems, is sensitive
to voltage sags. Malfunctioning or failure of this equipment can caused by voltage sags leading to work or
production stops with significant associated cost voltage sags are characterized by its magnitude and
duration.
The magnitude is defined as the percentage of the remaining voltage during the sag and the duration is
defined as the time between the sag commencement and clearing power-electronics converter that use phase
angle information for their firing instants may be affected by the phase angle jump. Electrical contractors
were determined to be an example of a device that is extremely sensitive to point-on-wave of sag
initiation.In order to find any solutions for voltage sag problems due to faults, it is necessary to identify
characteristics of magnitude, duration, point-on-wave and phase angle variations.

II. VOLTAGE SAG CHARACTERIZATION
Voltage sag characterization consists in defining and quantifying the most relevant parameters of this
disturbance, such as: magnitude, duration, phase-angle jump and shape. Specific scenarios, in a given power
system, are studied by using simulation tools to determine and quantify the parameters of interest, according
to the following criteria
Sag duration depends on fault clearing time provided by the electrical protection in a power system. It can be
determined by simulating electrical protection behavior when dealing with system faults.
Magnitude and phase-angle jump depend on fault location and line impedance. They can be determined
at different nodes of a power system by simulating system faults.
IEEE Standard 1346-1998 explicitly states that information about the phase shift and point on wave “are not
typically available in the sag environment data, therefore, for compatibility evaluation, it is recommended
that phase shift and point of initiation should not be considered.” However, behavior of certain equipment is
influenced by the phase shift and point on wave. If these sag parameters are not known, sensitivity of
equipment cannot be fully assessed.

2.1 Voltage Sag Magnitude
Voltage sags are short duration (0.5 cycles to 1 minute) reductions in RMS voltage caused by short circuits,
overloads and starting of large loads. There are various ways of obtaining one value for the sag magnitude as
a function of time. The most common approach to obtain the sag magnitude is to use rms voltage. There are
other alternatives, e.g. fundamental rms voltage and peak voltage. Hence the magnitude of the sag is
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considered as the residual voltage or remaining voltage during the event. In the case of a three phase system,
voltage sag can also be characterized by the minimum RMS-voltage during the sag. If the sag is symmetrical
i.e. equally deep in all three phases, if the sag is unsymmetrical, i.e. the sag is not equally deep in all three
phases, the phase with the lowest remaining voltage is used to characterize the sag

2.2 Duration
The duration of a sag in various standards is defined in the range from 0.5 cycle to one minute. It should be
noted that the voltage reduction events shorter than 0.5 cycles influence the sensitivity of some equipment.
To resolve this, the term “under-voltage transients” is proposed in [1] for description of such a very short
voltage sag. Determination of the sag duration is straightforward in the case of single-phase sags. For poly
phase sags, however, sag duration is usually defined as the time between the instant that the RMS voltage of
any phase drops below 0.9 pu to the instant that the RMS voltages of all sagged phases rise above the above
0.9 pu.

2.3 Phase-angle jump
The Phase-angle jump manifests itself as a shift in zero crossing of the instantaneous voltage. Phase-angle
jumps during three phase faults are due to a difference in the X/R ratio between the source and the feeder.
Phase-angle jumps are not of concern for most equipment but power electronic converters using phase angle
information for their switching may be affected.

2.4 Point on wave
Points on wave of initiation and ending are phase angles at which instantaneous voltage starts and ends to
experience reduction in voltage magnitude, i.e. between which the corresponding RMS voltage is below the
defined threshold limit (usually defined as 90% and 10% of the nominal voltage, respectively). Point on
wave of initiation corresponds to phase angle of the pre-sag voltage, measured from the last positive-going
zero crossing of the pre-sag voltage. Similarly, point on wave of ending corresponds to phase angle of the
post-sag voltage, measured with respect to the positive-going zero crossing of the post-sag. Both point-on
wave values are usually expressed in degrees or radians.

Fig.2 Characteristics of Voltage Sags
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III.VOLTAGE SAG DETECTION TECHNIQUE
Voltage sag detection is important because it determines the dynamic performance of system. Following
methods are described to detect and characterize the voltage sag.
1.

Missing Voltage Technique

2.

Specific RMS method

3.

New detection method

4.

Novel detection method

5.

Discrete Wavelet Transform Method

IV. FROM FOURIER ANALYSIS TO WAVELET
Drawbacks of signal processing techniques used in power quality disturbances:
1. RMS is major tool used in signal processing techniques. The RMS of signal is not an analysis technique
but

it gives some basic information about an electrical system. The main disadvantages of this

algorithm are its dependence on size of sample window [3]. As a result of small window RMS parameter
becomes less relevant and loses meaning of mean value of power.
2. Another most widely used tool in signal processing is Fourier analysis. It helps in analysis of harmonics
and essential tool for filter design. The DFT and FFT are essential tools for estimation of fundamental
amplitude of signal. The DFT importance in area of frequency (spectrum) analysis as it takes a discrete
signal in time domain and transforms that signal into the discrete frequency domain representation. A
FFT used for transformation of signal from time domain to frequency domain. Speed is main advantage
of this technique and also high speed calculations.
3. In time frequency signal processing, a filter banks is special quadric time frequency distortion (TFD) that
represents signal in joint time frequency domain. This technique used for estimation of specific sub-band
components.
4. Another special type of filter is Kalman Filter. Their solutions are based on set of state space equations.
These are used for real time tracking harmonics as proposed in [4], frequency estimation under distorted
signal [5], estimating voltage and current

parameters on power system protection and

parameter of transient [6].
5. In 1994, use of wavelets was proposed which led to study of non stationary harmonic distortion in power
systems. This technique decomposes signals in different frequency sub-bands and characteristics can be
studied separately.
6. The STFT mainly used in power quality analysis and called as sliding window version of FFT. The
advantage of STFT is its ability to give the harmonic content of signal at every time period specified by
defined window.

V. WAVELET TRANSFORMATION TECHNIQUE
The wavelet transform is representation of signal as sum of wavelets at different location and scales. The
main advantage of wavelet transform is its varying length window. The wavelet transform can be classified
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in three different ways. The continuous wavelet Transform possesses ability to construct a time-frequency
representation of signal that offers very good time and frequency realization. The second type of transform
known as wavelet series which maps function of continuous variables into sequence of coefficients. The
third is Discrete wavelet in which wavelets discretely sampled and has advantage of temporal resolution as it
captures both frequency and location information.

Fig.3 Comparison between sinusoidal Wave and Wavelet
The continuous wavelet transform was developed to overcome resolution problem to short time Fourier
transform. It is correlation between wavelets at different scales and signal with scale being used as measure of
similarity. DWT are applied to discrete data sets and produce discrete outputs. The DWT is special case of
wavelet transform that provides a compact representation of signal in time and frequency that can be computed
efficiently. When compared to Fourier transform, wavelet can obtain both time and frequency information of
signals while frequency information obtained by Fourier transform [7],[8]. The signal can be represented in
terms of both the scaling and wavelet functions as follows:
f (t) =

𝑛 𝛷 (𝑡 – 𝑛) +

𝜓(

𝑡 − 𝑛)……………….……(1)

where
cj is the J level scaling coefficient,
dj is the j level wavelet coefficient,
Ф (t) is the scaling function,
ψ (t) is wavelet function,
J is the highest level of wavelet transform,
t is time.
For practical applications and for efficiency reasons one prefers continuously differentiable function with
compact support as mother wavelet. Wavelet theory can be expressed by continuous wavelet transformation
as,
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CWT x (a, b) = Wx (a, b) =

𝑑𝑡 …………………………………... (2)

where
Ψa, a (scale) and b (translation) are real numbers.
The discretization of this equation is necessary for practical application.
For Discrete time system,
DWTψx(m,n)=

𝑑𝑡……………..(3)

=

m/

m)…………(4)

Where a = 𝑎0
𝑚 and b = n
The DWT analysis can be performed using fast pyramidal algorithm related to multirate filter banks . Various
power quality disturbances for small scale signal decomposition can be detected by use of choice of analysis of
mother wavelet. Daub 4 and Daub 6 wavelets are useful for fast and short transient disturbances. Daub 8 and 10
are suitable for slow and long transient disturbances. At scale 1, mother wavelet localized in time and oscillates
more rapidly in short spam of time. As wavelet reaches higher scale analyzing wavelets become less localized
in time and oscillations, so as a result of high scale signal decomposition, fast and short transient disturbances
detected st lower scales and for high scales, slow and long transient disturbances will
be detected. Both time domain & frequency domain methods can be used to analyze vibration signals. The time
domain refers to a display or analysis of the vibration data as a function of time. The frequency domain
approach allows both the amplitude & phase spectrum to be an identified and are more useful for vibration
analysis. The Fourier transform is a frequency domain approach which converts a continuous time signal
into frequency domain. Fourier representation X (f) which is calculated by the Fourier transforms integral
shown by:
x(𝑓)=

𝑑𝑡……………………………… (5)

The disadvantage of frequency-domain analysis approach is that a significant amount of information (transients,
non repetitive signal components) may be lost during the transformation process. This information is non
retrievable unless a permanent record of the raw vibration signal has been made. The problem of Fourier
transform is overcome up to some extent using Short Term Fourier Transform. STFT is simply the result of
multiplying the time series by a short time window and performing a discrete Fourier transform.
Mathematically for a signal, it is written as
STFT{(𝑡)}≡𝑋(𝜏,𝜔)=

…………….(6)

For discrete signals, this transform is known as Short Term Discrete Fourier Transform (STDFT) expressed
mathematically with signal 𝑥 𝑛 & window 𝜔 (𝑛) as
STFT{[𝑛]}≡𝑋(𝑚,𝜔)=

(7)

Application of STFT have been used to for analyzing different vibration signals for different application but
having problem that time resolution is same for all spectral components.
This problem is overcome by using the wavelet transform. It is a technique which allows the time-frequency
place to be divided in a more flexible way such that a smaller time is user for higher frequencies & larger time
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is used for lower frequencies. It is calculated by convolving the wavelet with the original signal, multiply the
shifted wavelet with the original signal, then sum the result to produce a single value.

VI. LabVIEW SOFTWARE
LabVIEW is a highly productive development environment for creating custom applications that interact
with real-world data or signals in fields such as science and engineering.
The net result of using a tool such as LabVIEW is that higher quality projects can be completed in less time
with fewer people involved. So productivity is the key benefit, but that is a broad and general statement. To
understand what this really means, consider the reasons that have attracted engineers and scientists to the
product since 1986. LabVIEW is unique because it makes this wide variety of tools available in a single
environment, ensuring that compatibility is as simple as drawing wires between functions.
LabVIEW makes the process of integrating hardware much easier by using a consistent programming
approach no matter what hardware you are using. The same initialize-configure-read/write-close pattern is
repeated for a wide variety of hardware devices, data is always returned in a format compatible with the
analysis and reporting functions, and you are not forced to dig into instrument programming manuals to find
low-level message and register-based communication protocols unless you specifically need to.

VII. DEVELOPMENT OF ALGORITHM
1. Algorithm to Find Missing Voltage, Voltage Sag Magnitude and Duration by Using RMS
Evaluation Method
step 1 Start
step 2 Get instantaneous sag waveform data, instantaneous ideal waveform data, and RMS waveform data as
input from workspace.
step 3 Find maximum voltage of RMS waveform (vmax).
step 4 Find maximum voltage of ideal instantaneous waveform (Vmax).
step 5 Find pre-fault RMS voltage.
step 6 Find minimum voltage of RMS waveform i.e. Magnitude of remaining waveform.
step 7 Calculate voltage sag magnitude in percent.
step 8 Calculate Missing voltages.
step 9 Find Start of voltage sag by considering fall of RMS voltage by 0.9pu.
step 10 Find End of voltage sag by considering rise of RMS voltage by 0.9pu.
step 11 Calculate duration of Voltage Sag.

2. Algorithm to Find Duration of Voltage Sag by Using DWT Method
step 12 Apply Discrete Wavelet Transform db4 at scale 1 to the instantaneous waveform in Workspace and
get the WTC data.
step 13 Calculate the Threshold (THR) by de-noising the Wavelet transform coefficients (WTCs) obtained in
Step 12.
step 14 Find the de-noised WTC data of data vector P of length N that violets the Threshold.
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step 15 Search for the point(S) that corresponds to the Sag Start Time. To narrow the search, first find the
RMS sag start time of the voltage sag. Then, define a search window extending from one cycle before the
RMS start time to the RMS start time.
step 16 To find the Sag End Time, start from S, which corresponds to nth element P (n) that fall outside the
end time threshold which may be different from the start time Threshold.
step 17 Calculate Duration of Voltage sag.Duration of Voltage sag by DWT=Sag End Time Sag Start Time.
3. Algorithm to Find POW Initiation Of Voltage Sag By Using DWT Method
step 18 Define difference in time and corresponding angel by considering constant frequency.
step 19 Find zero crossing time before start of voltage sag obtained from Algorithm 2
step 20 Calculate difference in time between start of voltage sag and positive zero crossing of instantaneous
waveform, by referring Algorithm 2
step 21 Find POW initiation angel by using Newton interpolation technique.

VIII.CONCLUSION
For voltage sag ride through evaluation on a piece of equipment they should not be considered. However, the
behaviour of the equipment is influenced by the phase shift and point on wave.Recent advances in
monitoring equipment allow recording of both RMS and instantaneous voltages and current during the sags
from which information about all relevant sag characteristics can be extracted. Some approaches are
described in for measurement of point on wave initiation.
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ABSTRACT
A field work has been conducted to study the impact of nutrients over the growth and seed output of Jatropha
(Physic nut) for a period of three years. Various parameters were observed with a regular interval in two study
sites- one with nutrient supplementation and the other one was without nutrients. Physical growth as well as the
phenological growth of nutrient supplemented plantation were compared with those of non-supplemented
plantation. The results revealed that the physical growth as well as the seed output were increased with inputs of the
soil nutrients and the crowding effect due to minimal spacing was overcome with nutrients. The details are
discussed here in the full paper.

Key words: Crowding effect, Jatropha, Nutrients, Phenological growth, Seed output
I. INTRODUCTION
In recent years thrust on increase of production of biofuels has been increasing. Out of the total of 63 species which
were identified for promising biodiesel production, Jatropha curcas (Physic Nut) had been the choice of researchers
as well as producers of bio diesel. However, inconsistencies in the growth and seed output were the main constraints
faced by the producers of biodiesel.
The plant id as a perennial shrub or a small tree. It is believed to be the native of tropical America, but now thrives
in many parts of tropics and sub-tropics in Africa and Asia [1]. It can grow in waste lands, poor soils [2], [3] and
tolerate wide range of rain fall [4], [5].The drought resistance, non-palatability, suitability to various climatic and
soil conditions, faster growth rate and perennial nature are the other preferable characteristics for the selection of the
species J. curcas as a potential biofuels crop [6],[7],[8], [9],[10],[11]. In India, it can be seen in almost all the states
and is generally grown as a live fence for the agricultural fields. It can also be grown in waste lands or degraded
lands to reclaim them. Nowadays the research is going on to know the impacts of fertilizers, spacing, water
availability etc., over the growth of Jatropha.
The objective of the present study was to record the growth consistency of J. curcas L. and the impact of
supplementation nutrients over growth, flowering, fruiting and seed output and thus to find out the suitable
conditions for its successful cultivation.
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II. MATERIAL AND METHODS
2.1. Study Area
The present study has been started in Jan-2009 and carried out for a period of 3 years, in two selected Jatropha
plantations of one year old from Krishna district of Andhra Pradesh viz., Rajavaram and Chandarlapadu. Krishna
district was located between 16⁰ 10 N and 81⁰ 08 E. The average temperature of the region was 45⁰C in summer and
21⁰ C in winter and the average rainfall was 1028 mm/yr.
Rajavaram plantation was a block plantation in 5 acres with 3×3m (1110 plants/ha) spacing and the soil was red
rocky with a pH-7.5. It was a rain-fed plantation and there was no other specific mode of watering.
The Chandarlapadu plantation was having black gravel soil with a pH of 8.14. It was mono culture of one acre with
minimum spacings in between the rows as 1×1m (10,000 plants/ha) and 1.5×1.5m (4444 plants/ha). Drip irrigation
was employed to supplement the water regularly during summer and in alternate days in winter to avoid water
logging.

2.2. Nutrient Supplementation
No nutrients or manure was added to the Rajavaram plantation. But, to the Chandarlapadu plantation Gypsum was
added @60kg/ha before transplantation to neutralize the soil. In addition, NPK and Super Phosphate were
supplemented at 6 months interval @60kg/ha and 150kh/ha, respectively, to study the impact of nutrient on growth,
phenology and seed output.
Observations were recorded regularly. A sample of 10 plants/acre was randomly selected and the average was
calculated. Physical growth of the plant was measured by height of the plant in feet, counting the number of
branches per plant and the girth of the plant in inches. The yield of the plant was measured in terms of dry seed
output (kg/plant) and expressed in terms of percentage to the total plants of the study site.

Table-1: Description of the study sites
Name of the

Total

area

Soil type

study site

(Acres)

Rajavaram

5

Red

Chandarlapadu

1

Black gravel

pH

Nutrients

Mode

added

watering

7.5

--

Rain-fed

3×3m

8.14

Gypsum,

Drip

1×1m

NPK,

Super

of

Spacing

and

1.5×1.5m

Phosphate

III. RESULTS
3.1 Growth of the Plant
Height of the plant at Rajavaram has reached up to 9.5ft from an initial height of 3.8ft during the study period,
whereas an increase of 10.2ft (4.3ft to 14.5ft) was recorded at Chandarlapadu site.
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3.2 Girth of the Plant
The initial girth of the plant was measured as 2.8 inches at Rajavaram site and finally increased to 8.3 inches
recording a increase of 5.5 inches. In case of Chandarlapadu site the girth of the plant has shown an increase of 7.3
inches, from an initial girth 3.2inches to final girth of 10.5 inches.

3.3 Number of Branches
Average number of branches was initially recorded as 4/plant at Rajavaram site and has shown an increase of 16
branches (4-20). The average number of branches was increased from 3 to 30 at Chandarlapadu, showing an
increase of 27 branches/ plant.

3.4 Flowering and Fruiting
By the end of the study Rajavaram plantation has recorded 43% flowering and 30% fruiting whereas the percentages
of flowering and fruiting of Chandarlapadu plantation were recorded as 72% and 61.6%, respectively.

3.5 Dry Seed Output
A total of 23.6% dry seed output was contributed by the Rajavaram site and that of Chandarlapadu site was 51.2%
by the end of the study period.

IV. DISCUSSION
In the present study, it was found that nutrient uptake played a vital role in the increase of physical growth,
flowering, fruiting as well as the seed output. Nearly two times more percentages were recorded in the nutrient
supplemented sites when compared to the site without nutrients. This is in support of the earlier work by [12], [13]
and[14] in which it was noticed that where fertilizers were not applied, the flowering is not reported even after
the second year. The studies of [15], [16] and[17] have also revealed that the application of nutrients and water in
poor soils increase the production.
Previous reports [13] revealed that growth and seed output were increased with the increase in the plant density and
the % of nutrients was observed to be decreased in low density plots. But, application of nutrients has helped to
overcome the spacing effect [17]. The results indicated that the Physic nut with fertilization showed highly
significant increase in growth as well as the seed yield. Similar results were observed in the study by [18] that
addition of water and nutrient has resulted in the seed production and no seed output was recorded where no
nutrients were added.
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Table-2: Observations made at the study sites
Name of the

Height (ft)

Girth (inches)

site

No.

of

Flowering

branches

(%)

Fruiting (%)

Seed

output

(%)

Initial

Final

Initial

Final

Initial

Final

Initial

Final

Initial

Final

Initial

Final

Rajavaram

3.8

9.5

2.8

8.3

4

20

-

43

-

30

-

23.6

Chandarlapadu

4.3

14.5

3.2

10.5

3

30

-

72

-

61.6

-

51.2

V. CONCLUSION
Results revealed that Jatropha can withstand successfully in any soil but the physical growth as well as the
phonological growth were influenced by the availability of the nutrients. Seed output could be increased with the
supplementation of the nutrients even in the high density plantations since these nutrients may help the plant to
overcome the crowding effect.
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ABSTRACT
In today’s competitive industry marketplace, the companies face growing demands to improve process
efficiencies, comply with environmental regulations, and meet corporate financial objectives. Given the
increasing age of many industrial systems and the dynamic industrial manufacturing market, intelligent and
low-cost industrial automation systems are required to improve the productivity and efficiency of such systems.
The collaborative nature of industrial wireless sensor networks (IWSNs) brings several advantages over
traditional wired industrial monitoring and control systems, including self-organization, rapid deployment,
flexibility, and inherent intelligent-processing capability.
In this regard, IWSN plays a vital role in creating a highly reliable and self-healing industrial system that
rapidly responds to real-time events with appropriate actions.
Wireless Sensor Networks (WSN) provides information for data acquisition and data distribution. It is a network
that consists of spatially distributed and automated wireless sensor nodes which are capable of monitoring
several physical environmental fields such as air pressure, luminosity, vibration and temperature.

Keywords: IWSN, Industrial Automation, Quality of Service (QoS), Selfhealing
I. INTRODUCTION
In today’s competitive industry marketplace, the companiesface growing demands to improve process
efficiencies,comply with environmental regulations, and meet corporatefinancial objectives. Given the
increasing age of many industrialsystems and the dynamic industrial manufacturing market,intelligent and lowcost industrial automation systems are requiredto improve the productivity and efficiency of such systems[2],
[3]. Traditionally, industrial automation systems arerealized through wired communications. However, the
wiredautomation systems require expensive communication cablesto be installed and regularly maintained, and
thus, they are notwidely implemented in industrial plants because of their highcost [4]. Therefore, there is an
urgent need for cost-effectivewireless automation systems that enable significant savings andreduce air-pollutant
emissions by optimizing the managementof industrial systems.
WSNs, the realization of low-cost embedded industrial automationsystems have become feasible [5]. In these
systems, wireless tiny sensor nodes are installed on industrial equipmentand monitor the parameters critical to
each equipment’sefficiency based on a combination of measurements such asvibration, temperature, pressure,
and power quality. These dataare then wirelessly transmitted to a sink node that analyzesthe data from each
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sensor. Any potential problems are notifiedto the plant personnel as an advanced warning system.This enables
plant personnel to repair or replace equipment,before their efficiency drops or they fail entirely. In this way,
catastrophic equipment failures and the associated repair andreplacement costs can be prevented, while
complying with strictenvironmental regulations.
The collaborative nature of IWSNs brings several advantagesover traditional wired industrial monitoring and
control systems, including self-organization, rapid deployment, flexibility,and inherent intelligent-processing
capability. In this regard,WSN plays a vital role in creating a highly reliable and selfhealingindustrial system
that rapidly responds to real-timeevents with appropriate actions. However, to realize the envisionedindustrial
applications and, hence, take the advantagesof the potential gains of WSN, effective communication protocols,
which can address the unique challenges posed by suchsystems, are required.
The technological advancement in the world has over time taken a new turn and measures to monitor activities
inindustries are being developed to provide free access to information and support for end users [6]. This is as a
result of thehigh demand for resources capable in assisting industrialists to accomplish set goals and develop
programs for theestablishment of time delivery of materials and create opportunity for increased knowledge
[7].The importance of providing a well detailed prototype Wireless Sensor Network (WSN) in an industrial
application cannotbe over-emphasized; hence this project focuses on bridging the gap between the availability
of adequate monitoring datareporting to improve on the existing systems and the conventional method of
operations.
WSN are technologies in which characteristically constrained nodes assists each other in transmitting packets of
datathrough the network from source to destination. The WSN consists of nodes that can send and receive
messages in a meshpattern and a node that can function as a router and can also relay messages for its
neighbour. Through this process, [8]wireless packet data will find its way to the predetermined destination,
passing through intermediate nodes with reliablecommunication channels.
WSN application varies from one location to another. Various fields such as fire, military installations,
pollution, machinehealth and environment monitoring have experienced expanding revolution in the
implementation of this technology inmanning activities encompass them. In most network design, basic routing
is used as the network architecture, while newflooding-based technology provides the opportunity and
advantages especially in large networks [9].

II. WIRELESS SENSOR NETWORKS
A WSN can be defined as a network of devices, denoted as nodes, which can sense the environment and
communicate the information gathered from the monitored field (e.g., an area or volume) through wireless links
[13]. The data is forwarded, possibly via multiple hops, to a sink (sometimes denoted as controller or monitor)
that can use it locally or is connected to other networks (e.g., the Internet) through a gateway. The nodes can be
stationary or moving. They can be aware of their location or not. They can be homogeneous or not. This is a
traditional single-sink WSN (see Figure 1, left part). Almost all scientific papers in the literature deal with such
a definition. This single-sink scenario suffers from the lack of scalability: by increasing the number of nodes, the
amount of data gathered by the sink increases and once its capacity is reached, the network size cannot be
augmented. Moreover, for reasons related to MAC and routing aspects, network performance cannot be
considered independent from the network size. A more general scenario includes multiple sinks in the network
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(see Figure 1, right part) [14]. Given a level of node density, a larger number of sinks will decrease the
probability of isolated clusters of nodes that cannot deliver their data owing to unfortunate signal propagation
conditions.
In principle, a multiple-sink WSN can be scalable (i.e., the same performance can be achieved even by
increasing the number of nodes), while this is clearly not true for a single-sink network. However, a multi-sink
WSN does not represent a trivial extension of a single-sink case for the network engineer. In many cases nodes
send the data collected to one of the sinks, selected among many, which forward the data to the gateway, toward
the final user (see Figure 1, right part). From the protocol viewpoint, this means that a selection can be done,
based on a suitable criterion that could be, for example, minimum delay, maximum throughput, minimum
number of hops, etc. Therefore, the presence of multiple sinks ensures better network performance with respect
to the single-sink case (assuming the same number of nodes is deployed over the same area), but the
communication protocols must be more complex and should be designed according to suitable criteria.

Fig. No. 01 Single and Multi-Sink Scenario
III. MAIN FEATURES OF WSN
The main features of WSNs, as could be deduced by the general description given in the previous sections, are:
scalability with respect to the number of nodes in the network, self-organization, self-healing, energy efficiency,
a sufficient degree of connectivity among nodes, low-complexity, low cost and size of nodes. Those protocol
architectures and technical solutions providing such features can be considered as a potential framework for the
creation of these networks, but, unfortunately, the definition of such a protocol architecture and technical
solution is not simple, and the research still needs to work on it [5].
The massive research on WSNs started after the year 2000. However, it took advantage of the outcome of the
research on wireless networks performed since the second half of the previous century. In particular, the study
of ad hoc networks attracted a lot of attention for several decades, and some researchers tried to report their
skills acquired in the field of ad hoc networks, to the study of WSNs.
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According to some general definitions, wireless ad hoc networks are formed dynamically by an autonomous
system of nodes connected via wireless links without using an existing network infrastructure or centralized
administration. Nodes are connected through “ad hoc” topologies, set up and cleared according to user needs
and temporary conditions [15]. Apparently, this definition can include WSNs. However, this is not true. This is
the list of main features for wireless ad hoc networks: unplanned and highly dynamical; nodes are “smart”
terminals (laptops, etc.); typical applications include realtime or non-realtime data, multimedia, voice; every
node can be either source or destination of information; every node can be a router toward other nodes; energy is
not the most relevant matter; capacity is the most relevant matter [15].
Apart from the very first item, which is common to WSNs, in all other cases there is a clear distinctionbetween
WSNs and wireless ad hoc networks. In WSNs, nodes are simple and low-complexity devices;the typical
applications require few bytes sent periodically or upon request or according to some external event; every node
can be either source or destination of information, not both; some nodes do not play the role of routers; energy
efficiency is a very relevant matter, while capacity is not for most applications.Therefore, WSNs are not a
special case of wireless ad hoc networks. Thus, a lot of care must be used when considering protocols and
algorithms which are good for ad hoc networks, and using them in the context of WSNs.

3.1 Sensor Technologies
Sensor Technologies functions in highly powered high-speed and low-cost electronic circuits. In a developing
world, the need for sensor technologies with a view to support systems automation, security and information
dissemination is on the increase. The application of sensor technology in diverse ways has eventually enforced
the increase of the requirement for the implementation. The design of smart homes and environment is made
possible by the use of sensor devices.
Sensor technologies in this respect are expected to provide novel approaches and solutions as required. Sensor
can be considered as complex devices that can be used to detectand respond to signals being produced. A sensor
primarily converts physical parameters into signal. These parameters can be; temperature, humidity, and speed.
The signal produced can be measured electronically.
When deciding on a particular sensor to use in a given task, the following consideration will be employed; Cost,
Range, Accuracy, Environmental consideration, and Resolution.

IV. APPLYING WSN IN INDUSTRIAL PLANT ENERGY EVALUATION AND PLANNING
SYSTEMS
Traditionally, energy evaluation in industrial plants is realized in wired systems formed by communication
cables and various types of sensors [16]. The installation and maintenance of these cables and sensors are
usually much more expensive than the cost of the sensors themselves. Clearly, the elimination of
communication cables and theassociated installation cost can greatly reduce the overall cost. This naturally
brings the opportunity to investigate the use of wireless systems. However, because of the high cost of
commissioning legacy wireless systems, this was infeasible until the appearance of the wireless sensor network
(WSN) during the past few years.
Recent advances in wireless communications, micro electro-mechanical systems, and highly integrated
electronics have enabled the implementation of very low cost, ultra-low power consumption, multifunctional
sensors and actuators. The deployment of large numbers of these sensors and actuators has resulted in the
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development of wireless sensor networks [16]. Unique characteristics such as a sensor-richenvironment,
flexibility, high fidelity, self-organization,rapid deployment, and inherent intelligent capability makeWSNs the
ideal structure for low cost energy usageevaluation, which is important to industrial plant managers inmaking
planning decisions.

4.1IEEE 802.15.4 Standard
The IEEE 802.15.4 standard is intended to address applications where existing wireless solutions are too
expensive and the performance of a technology such as Bluetooth is not required. While other wireless network
standards aim to achieve long distance, large throughput, and high quality of service (QoS) level; the 802.15.4
standard is designed to provide simple wireless communications with short-range distances, limited power,
relaxed data throughput, low production cost, and small size. These are exactly the properties of the industrial
plant energy evaluation and planning system.
As shown in Fig. 2, the 802.15.4 LR-WPANs standard allows the formation of two possible network topologies:
the star topology and the peer-to-peer topology [16]. In the startopology, any active node is a full or reduced
function device. That only communicates with the central coordinator node.The coordinator node is a full
function device acting as ahub. The star topology is easy to implement but is verylimited in short-range
networks such as 802.15.4, because ofthe need for many central hubs to gather the node data. Thepeer-to-peer
topology enables multiple direct links between asingle node and other nodes in the WSN, and allows
morecomplex network formations to be implemented, e.g., ad hocand self-configuring mesh networks.
However, the networkcomplexity is increased.

Fig. no. 02 Star and Peer-to-Peer Network Topologies
4.2 Energy Evaluation and Planning
As the cost of energy increases, energy savings in industry are drawing more attention in recent years. In
industry, motors below 200 hp make up 98% of the motors in service and consume 85% of the energy used. On
average, the motors in industry operate at no more than 60% of their rated load because of oversized
installations or underloaded conditions, and thus at reduced efficiency which results in wasted energy.
To improve energy savings, an evaluation of the motor efficiency in the industrial plant is required. Over the
years, many motor efficiency estimation methods have been proposed. Generally, most of these methods are too
intrusive and even not achievable for in-service motor testing, because either expensive speed and/or torque
transducers are needed or a highly accurate motor equivalent circuit needs to be developed; some methods are
more practical but are focused in specific applications. To overcome these problems, presents a complete survey
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of motor efficiency estimation methods, specifically considering the advances in sensorless speed estimation
and in-service stator resistance estimation techniques during the last decade. In addition shows an assessment of
non-intrusive methods for efficiency estimation. Three candidate methods for non-intrusive efficiency
estimation were selected and modified for this model of in-service motor testing. The non-intrusive
characteristic of these methods enables efficiency evaluation with a WSN, using only motor terminal voltages
and currents.
Motor condition monitoring gives the health condition ofrunning electric motors and avoids production
lossesresulting from unexpected motor shutdowns and failures.Sharing many common requirements with energy
usageevaluation in terms of data collection, motor conditionmonitoring could be naturally added into an
energymanagement system without additional cost for datacollection considering that the necessary data are
readilyavailable.
Based on the estimated efficiencies of the motors in theplant, the overall energy usage condition and the
operatingcost of the plant can be evaluated. These energy evaluationand health condition monitoring resultscan
be very valuablefor plant managers in making planning decisions forscheduled maintenance.

4.3 A Closed-Loop Industrial Plant Energy Evaluation and Planning system
A closed-loop energy evaluation and planning scheme forindustrial plants is proposed with a WSN as the backbonestructure. The wide deployment of a WSN results in asensor-rich environment which allows for a high
levelintelligent energy management system for industrial plants.The importance of the proposed scheme lies in
its wireless,non-intrusive, intelligent, and low cost nature.
There are three different types of sensor nodes in atypical WSN: transmitter node, receiver node, an relay
node.The transmitter node has both sensing and communicationcapabilities. It could be attached on the motor
frame, but inmost cases, it is installed in the Motor Control Centers MCC to collect motorterminal voltages and
currents, because the motors in plantare usually not easily accessible. The receiver node andrelay node have
only communication capabilities and cannotgather data themselves. Their main function is to pass
thetransmitted data to the Central Supervisory Station CSS.

Fig. No. 03 WSN Architecture
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As shown in Fig. 3, the motor terminal quantities aremeasured at the MCC and transmitted to the CSS through
theWSN. Using these data, non-intrusive methods are used toestimate the energy usage condition of each motor
in theplant, and finally the operating cost of the whole plant. Asan optional block, the motor condition
monitoring functionscould also be applied using the same received data. To closethe loop, a plant manager can
make planning decisions suchas replacing oversized or malfunctioned motors based on theenergy usage
evaluation and diagnosis results.

V. APPLICATIONS OF WSN
5.1 Environmental Sensing Applications

5.2 Condition Monitoring Applications

5.3 Process and Service Monitoring Applications

5808 | P a g e

International Conference On Recent Trends In Engineering Science And Management

ISBN: 978-81-931039-2-0

Jawaharlal Nehru University, Convention Center, New Delhi (India), 15 March 2015

www.conferenceworld.in

VI. CASE STUDY

Fig. No. 04 Power Engineering Lab Setup
In this case study, the laboratory setup of Power Engineering is to be automated by Wireless Sensor Networks.
The setup-wise parameters to be considered are as followsSetup Detailsi) Setup 1 – 4stroke ,3 cylinder petrol engine
Induction motor=440v, 1Hp,1440rpm
ii) Setup 2 – two stage single cylinder air compressor test rig
Compressor- working pressure=10kg/cm2 , rpm=650,
Motor=2hp,1440 rpm
iii) Setup 3 – Vapour compression test rig
Thermocouple= type PT100
Heater= 1000W
Electric supply= 230V AC, 50Hz
iv) Setup 4 – single cylinder 4stroke petrol engine test rig
Engine- 4stroke, power 5.5kW @ 7500 rpm
The nodes

VII. CONCLUSION
The IWSNs have the potential to improve productivity of industrial systems by providing greater awareness,
control, and integration of business processes. Despite of the great progress on development of IWSNs, quite a
few issues still need to be explored in the future. For example, an efficient deployment of IWSNs in the real
world is highly dependent on the ability to devise analytical models to evaluate and predict IWSNs performance
characteristics, such as communication latency and reliability and energy efficiency. However, because of the
diverse industrial-application requirements and large scale of the network, several technical problems still
remain to be solved in analytical IWSN models. Other open issues include optimal sensor-node deployment,
localization, security, and interoperability between different IWSN manufacturers. Finally, to cope with RF
interference and dynamic/varying wireless-channel conditions in industrial environments, porting a cognitive
radio paradigm to a low-power industrial sensor node and developing controlling mechanisms for channel
handoff is another challenging area yet to be explored.
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ABSTRACT
Wireless sensor networks consist of small nodes with sensing, computation, and wireless communications
capabilities. The purpose of the network is to sense the environment and report what happens in the area it is
deployed in. The sensor networks can be used for various application areas (e.g., health, military, home)
Moreover, most of the Wireless Sensor Network (WSN) applications render it impossible to charge or replace
the battery of sensor nodes. Therefore, optimal use of node energy is a major challenge in wireless sensor
networks to enhance the lifetime of whole network.

Clustering of sensor nodes is an effective method to use

the node energy optimally and prolong the lifetime of energy constrained wireless sensor network. .In the paper
we give out the survey of clustering solution to lifetime maximization in wireless sensor network. In this paper
we also points out the open research issues and intends to spark new interests and developments in this field.

Keywords-Wireless sensor network, Lifetime, Clustering

I INTRODUCTION
A Wireless Sensor Networks (WSNs) contains hundreds or thousands of sensor nodes. These sensors have the
ability to communicate either among each other or directly to an external Base-station (BS). A greater number
of sensors allows for sensing over larger geographical regions with greater accuracy. Sensor nodes coordinate
among themselves to produce high- quality information about the physical environment. Each sensor node
bases its decisions on its mission, the information it currently has, and its knowledge of its computing,
communication, and energy resources. Each of these scattered sensor nodes has the capability to collect and
route data either to other sensors or back to an external base station(s)[1].Traditionally sensor networks have
been employed for monitoring environmental conditions such as temperature, pressure, moisture contents etc.
But with technological advances sophisticated sensor nodes are being produced capable of transmitting realtime data (video/images) and critical data (outages/leaks). A base station may be a fixed node or a mobile node
capable of connecting the sensor network to an existing communications infrastructure or to the Internet where
a user can have access to the reported data. The applications of sensor networks in various fields vary from
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environment monitoring, military applications to monitoring patients in hospitals[2]. Basically nodes are
driven by batteries and in many applications it is not easy to replace the batteries or sometimes not even
recharge the batteries so each node has a limited energy supply. Lifetime is very important factor in wireless
sensor network. Due to power-constrained nature of sensor nodes, long-distance communications should be kept
to least in order to enhance the network lifetime [3]. So, direct communications between nodes and the base
station are not encouraged. An effective approach to improve efficiency is to arrange the network into several
clusters, with each cluster electing one node as its leader called as cluster head [4]. A cluster head collects data
from other wireless sensor nodes in its cluster, directly or through a multihop manner. Typically, data collected
from nodes of the same cluster are highly correlated. Data can be fused during the data aggregation process [5].
The fused data will then be transmitted to the base station directly. In such an arrangement, only cluster heads
are required to transmit data over a long distance. The rest of the nodes will need to do only short-distance
transmission. Energy consumption of wireless sensor nodes is greatly reduced and the overall network lifetime
can thus be prolonged. Grouping sensor nodes into clusters has been widely pursued by the research community
in order to achieve network lifetime enhancement.
This paper is organized as follows. In Section II, we focus on General architecture of Clustering. In Section III,
we present cluster properties. In Section IV, we brief the abilities of cluster head. In Section V, we define
motives of clustering. Survey of some basic clustering protocols is given in Section VI. Finally, we conclude in
Section VII.

II GENERAL ARCHITECTURE OF CLUSTERING
In Fig. 1, we can see the architecture of a generic Wireless Sensor Network [1], and examine how the clustering
phenomenon is an essential part of the organizational structure.

Fig1. General architecture of clustering
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Sensor Node: Sensor nodes can take on multiple roles in a network, such as simple sensing; data
storage; routing; and data processing.



Clusters:. The dense nature of these networks require the need for them to be broken down into
clusters to simplify tasks such a communication.



Cluster heads: Cluster heads (CHs) are the organization leader of a cluster. They often are required to
organize activities in the cluster. And send data to next cluster head or base station as needed.



Base Station: The base station is at the upper level of the hierarchical WSN. It provides the
communication link between the sensor network and the user.



End User: For a particular application user may make use of the network data over the internet, using a
PDA, or even a desktop computer. In a queried sensor network (where the required data is gathered
from a query sent through the network). This query is generated by the end user.

III CLUSTER PROPERTIES
Cluster properties are following

Number of Clusters : Number of clusters may be fixed or variable. If set of Cluster Heads(CH) are
predetermined and thus the number of clusters are preset. Randomly picking CHs from the deployed
sensors usually yields variable number of clusters.



Cluster Stability: When the member of clusters varies over the time, the clustering scheme is said to
be adaptive. Otherwise, it is considered fixed since sensors do not switch among clusters and the
number of clusters stays the same throughout the network lifespan.



Intra-cluster topology: Some clustering schemes are based on direct communication between a sensor
and its designated CH. However, multi-hop sensor-to-CH connectivity is sometimes required depends
on communication range.



Inter-CH connectivity: When the CH does not have long haul communication capabilities, CHs
connectivity to the base-station has to be provisioned. In that case, the clustering scheme has to ensure
the feasibility of establishing an inter-CH route from every CH to the base-station.

IV. CLUSTER-HEAD ABILITIES


More Resource type: In some networks deployed sensors are selected as CHs while in others CHs are
equipped with significantly more computation and communication resources.



Mobility: When a CH is mobile, sensor‘s membership dynamically changes and the clusters would
need to be continuously maintained. On the other hand, stationary CH tends to yield stable clusters and
facilitate intra- and inter-cluster network management. Sometimes, CHs can travel for limited distances
to reposition itself for better network performance.



Responsibility: A CH can simply act as a relay for the traffic generated by the sensors in its cluster or
perform aggregation/ fusion of collected sensors‘ data. Sometime, a CH acts as a sink or a base-station
that takes actions based on the detected phenomena or targets.
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V. MOTIVES OF CLUSTERING
Motives of clustering depends on objective the applications requirements[5]. The following discussion
highlights popular motives for network clustering:


Load balancing: Load balancing is a more pressing issue in WSNs where CHs are picked from the
available sensors[6]. CHs more work burden then other nodes in this case because all nodes have same
capabilities but CHs have to combined data report becomes ready almost at the same time for further
processing at the base-station or at the next tier in the network. Rotating the role of CHs among nodes
in the cluster can give load balancing advantage .



Fault-tolerance: In many applications, WSNs will be operational in harsh environments and thus
nodes are usually exposed to increased risk of malfunction and physical damage. Tolerating the failure
of CHs is usually necessary in such applications in order to avoid the loss of important sensors‘ data.
The most intuitive way to recover from a CH failure is to re-cluster the network. However, reclustering is not only a resource burden on the nodes, it is often very disruptive to the on-going
operation Assigning backup CHs is the most notable scheme pursued in the literature for recovery from
a CH failure.



Improved connectivity: Unless CHs have very long-haul communication capabilities, e.g. a satellite
link, inter-CH connectivity is an important requirement in many applications. The connectivity goal
can be just limited to ensuring the availability of a path from every CH to the base-station[7] or be
more restrictive by imposing a bound on the length of the path[8] . When some of the sensors assume
the CH role, the connectivity objective makes network clustering one of the many variant of the
connected dominating set problem.



Data latency: On the other hand, when data latency is a concern, intra-cluster connectivity becomes a
design objective or constraint. Delay is usually factored in by setting a maximum number of hops ‗‗K‘‘
allowed on a data path. K-hop clustering is K-dominating set problem[9].



Prolonging network lifetime: The energy limitation on nodes results in a limited network lifetime for
nodes in a network. Combined clustering and route setup has also been considered for maximizing
network‘s lifetime[10]. Adaptive clustering is also a viable choice for achieving network longevity[11].

VI. SOME BASIC CLUSTERING PROTOCOLS
LEACH [12] proposed initially is a distributed and single-hop clustering algorithm. Each clustering cycle
consists of cluster forming phase and data communicating phase. Election of cluster head depends on the
selected threshold T (n) as follows.

where P is the percent of cluster head nodes in all nodes, n is the token of the node, and r is the number of
rounds for the election. r mod (1/p) is the number of nodes elected as cluster head in a cycle, and G is the set of
nodes not elected as a cluster head, while each node is elected as the cluster head with the same probability. In
each circle, first the threshold T (n) of the node elected as cluster head is set to 0, and then the probability of the
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remaining nodes increases. Thus this process can guarantee that the node with the equal probability is elected as
the cluster head.
By taking overhead of communication within a cluster into account, HEED [13] algorithm overcomes the
shortcoming of unevenly distributed cluster heads as enjoyed by the LEACH algorithm. And the residual energy
of node as a parameter is introduced to elect cluster head with more energy to undertake data forwarding tasks.
In initialization phase, nodes send the messages to compete with the initialized probability of CHprob. When the
election of cluster head is completed, other nodes join into clusters by means of the information gathered in
competing phase. Here, CHprob is described as

where Cprob and pmin are the whole network parameters affecting the convergence speed of the algorithm, the
recommended values of which are given in simulation experiments; Eresident /Emax is the ratio of the node
residual energy and initial energy.
WCA [14] is a classical algorithm based on node degree, the number of single-hop neighbors. The election of
cluster head relies upon the factors of node degree, send-receive energy and residual energy.
Energy Efficient Hierarchical Clustering—EEHC[7] is a distributed, k-hop hierarchical clustering algorithm
aiming at the maximization of the network lifetime. The main objective of this algorithm was to address the
shortcomings of one-hop random selection algorithms such as LEACH by extending the cluster architecture to
multiple hops.
In [15], the mobile sink (aircraft) flies and collects the data from the cluster-heads. Each sensor node transmits
data packets to its cluster-head in a single/multi-hop path and cluster-heads forward packets to the aircraft.
Energy Efficient Clustering Scheme—EECS[16] has a constant number of CHs are elected (i) based on their
residual energy (as the main criterion) and (ii) using localized competition process without iteration to complete
the cluster formation process. The corresponding algorithm can effectively lead to better energy consumption
and uniform load distribution based on the fact that clusters at a greater distance from the BS require more
energy for transmission than those that are closer.
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VII. CONCLUSION
WSN is a promising future technology and presently used in range of application that requires minimum human
intervention.. Researchers have already designed a number of clustering techniques. In this paper we have
surveyed the clustering solution to maximize lifetime of WSN technology. paper we also points out the open
research issues and intends to spark new interests and developments in this field.
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ABSTRACT
This paper over here deals with design and analysis of a roll cage. The roll cage is just a skeleton of an
automobile. It also plays a very important role as a protestant for the driver and the vehicle. Here, design and
analysis of a roll cage has been done with respect of various loading tests conducted like front impact, side
impact and rear impact. The main focus has been done on the roll cage for improving the performance of vehicle
without any failure.

Keywords: Roll Cage, Design, Analysis, Front Impact, Side Impact, Rear Impact
I. INTRODUCTION
The roll cage (frame) is supporting component of automobile vehicle. It is the foundation for carrying the
engine, transmission system and steering by means of spring, axles, rubber pads etc. The frame are made of box,
tubular channels or U-shaped section, welded or riveted together. A roll cage is a safety feature installed in a
vehicle used in environments where there is a high danger of rolling, such as race car driving as well as military
and police use. Some cars are specifically designed with this feature installed, while others have had this device
installed during a retrofit. The points which were considered while designing the roll cage were safety,
ergonomics, market availability, cost of the components and standardization.

Fig1: Roll Cage Model
II. DESIGN METHODOLOGY
2.1 Development and Design
Design and analysis of the roll cage includes many factors like material selection, cross section and frame
design. Material selection is one of the important factors while designing the roll cage as it ensures safety,
reliability and performance.
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2.2 Material Selection
The frame of the roll cage will be built by using a bent tube construction using pipe bending machine and
welded joints. The material used for the frame of the roll cage is structural steel. Structural steel is chosen as it
gives high strength, high toughness, high stiffness, etc.

2.3 Roll Cage Function
The main function of the roll cage frame is to provide the mechanical support to different parts of vehicle like
engine, tires, suspension systems etc. It provides dynamic stability, strength, strength against vertical bending,
and safety of driver against accidents and also acts as a vibration harness agent.

2.4 Roll Cage Analysis
The whole analysis of the design is done by using ANSYS R15.0. By using this software we sorted out various
failures with respect to the deformation of the roll cage model. The analysis of the roll cage is done according to
the selected parameters such as front analysis, rear analysis and torsion analysis. Following designs are the
results of various analyses performed while keeping in mind the resultant of failures.

2.5 Front Analysis and Rear Analysis

Fig2: Front Analysis of Roll Cage

Fig3: Result of Deformation of Roll Cage
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Fig4: Rear Analysis of Roll Cage

Fig5: Result of Deformation of Roll Cage

2.6 Torsion Analysis

Fig6: Result of the Deformation of Roll Cage

Fig7: Result of Deformation of Roll Cage

III. ANALYSIS RESULT OF IMPACT TESTS
TYPES OF

FORCE

VON-MISES

MAX.

NO. OF

IMPACT

(KN)

STRESS (MPa)

DEFORMATION

NODES

TEST

F.O.S

(m)

Front

12

9.7968

0.497

4

Rear

12

8.3709

0.635

4

Torsion

12

6.7924

0.494

2
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IV. CONCLUSION
Finally after having lots of study, efforts and observations we came to the conclusion that our project results
into light weight compared to other roll cages, reduced space requirements, reduction in material wastage,
reduction in cost, multiple usage, easy for implementation, survival in un-ground surfaces and gives safety to the
driver for smooth driving.

REFERENCES
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HEAT TRANSFER AUGMENTATION THROUGH
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ABSTRACT
In most of the previous experimental and numerical studies empirical correlations for duct flow with straight
channel has been investigated and corresponding heat transfer and pressure drop are reported, very few paper
have been presented for channel with turned flow therefore an experimental study is needed to be carried in a
rectangular channel with turned flow (450, 600, 900) varying the Reynolds number which indicate turbulence.
The bottom wall of the channel is mounted with a baffle, the channel would be heated from bottom with a
constant heat flux, a separate heater arrangement would be made at the inlet for varying the inlet temperature
.furthermore the effect of baffle height on heat transfer and pressure drop will be investigated and finally
empirical correlations including several dimensionless parameters for average Nusselt number and friction
factor will be obtained and presented.

Keywords: Baffle, Friction Factor, Nusselt Number, Reynolds Number, Straight Rectangular
Channel
I. INTRODUCTION
Necessity of saving energy and material imposed by the diminishing world resources and environmental
concerns has prompted the development of more effective heat transfer equipment with improved heat transfer
rate. The use of serpentine type or baffle type channel is commonly used heat transfer enhancement strategies in
signal phase internal flow. However an attempt has been made to overcome the thermal problems subject to
high heat flux and to increase the heat transfer rate using the detail exploration of turned flow in channel. Since
very few studies have been addressed in this issue it needs more effective study in this method. We are
employing a new method by varying the inlet condition by incorporating the heater at the inlet and also by
varying the inlet geometry of the channel. After reading the several papers, I came to know to improve the
performance heat transfer rate that varying the inlet condition with respect to test section and inserting the baffle
inside the test section.

II. EXPERIMENTAL SETUP
The main flow of air would be supplied using a High speed Exhaust fan. The flow rate would be adjusted and
controlled by an AC inverter or regulator the air would pass through a flow-meter. The flowing air enters the
test section through a straight angular entry or perpendicular entry. The top and two side walls of the channel
would be made of non-tempered glass (Piexy Glass) while the bottom wall is made up of EN8 sheet and the
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baffle were made of aluminum plate. The bottom surface of the test section received a constant heat flux, q,
while the upper and side surfaces were adiabatic. The heat flux was set by adjusting the electrical voltage with
the help of AC variable electric power supply. The temperature of the heated surface is measured by 10
calibrated and electrically insulated diameter T-type thermocouples fixed at selected locations in the test section.
Straight Channel , Turn the flow by varying the inlet angle by 45 0 & Turn the flow by varying the inlet
angle by 900 with or Without baffle and with inlet at Atmospheric temperature or Varying the inlet
temperature (by 50C -)
a) Vary the heat flux (attain the steady state of heater between every interval)
b) Vary the mass flow rate of the high speed exhaust fan with the regulator and thus vary Re
c) Calculate the heat transfer coefficient (h)at different heat flux and mass flow rate
d) Plot the graph of Re Vs h

Fig. 2.1 Turn the flow by varying the inlet angle by 450 with or without baffle and at the same
time Varying the inlet temperature by 50C (i.e. at 350C , 400C , 450C )
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Fig. 2.2 Experimental Setup (Inlet at 450 Inclination)
2.1 Mathematical Formulation
Sample Calculation
For inclination θ = 00 and Inlet temperature ambient (450C) without baffle
Pressure drop (mm of water)

72

velocity (m/s)

0

Test section heater (W)

Inlet heater (W)

Sr. No.
1

0.5

0.5

Temperature 0C (Without Baffle) and inlet temp- Ambient

T1

T2

T3

T4

T5

T6

T7

T8

T9

T10

T11

45.2

46

45.6

45.4

100.7

45.8

45.9

46.4

46.2

52.1

103.6

The velocity of air is found with the help of Digital Anemometer
Mass flow rate, m = ρ*A*V
Heat Input to air
Q = m*cp* (Tb2-Tb1)
But
Q = h*As*(Tw- (Tb1+Tb2)/2)
Dh = 4A/P

III. RESULT & DISCUSSION
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In the experimentation Reynolds number (Re), the non-dimensional parameter is used to indicate the flow
regime. The effect of air entering at different entry angles and at different temperature on the forced convection
heat transfer from a channel is studied for different velocities. Calculations are carried out at five different mass
flow rates.

3.1 Convective Heat Transfer Coefficient Vs Mass Flow Rate for Various Inlet Angles.

Fig. 2.3 Comparison of Convective heat transfer coefficient with Mass flow rate for ambient temperature
(450C) without baffle
Fig.2.3 shows the variation of Convective heat transfer coefficient with Mass flow rate for ambient temperature
without baffle in the test section. It also shows the effect of various entry angles with respect to straight entry on
convective heat transfer coefficient for different mass flow rate. From fig. 2.3 for increase in entry angle (from
00 to 900) there is increase in convective heat transfer coefficient. For 900 turned flow, have the highest
convective heat transfer coefficient.

3.2 Heat Transfer vs Mass Flow Rate for Various Angles

Fig. 2.4 Comparison of heat transfer with Mass flow rate for ambient temp (45 0C) without baffle
Fig. 2.4 shows the effect of air entering at various angles at ambient temperature (45 0C) on heat transfer rate at
different mass flow rate without baffle in the test section. From fig. 2.4 it is seen that for increase in entry angle
(from 00 to 900) there is increase in heat transfer. For 900 turned flow, have the highest heat transfer.
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Fig. 2.5 Pressure drop Vs mass flow rate for various inclination with baffle
Fig. 2.5 shows that pressure drop increases with increase in mass flow rate. It also shows the effect of air
entering at various angles on the pressure drop. From fig. 2.5 pressure drop is highest for 900 inclinations.
Percentage increase in pressure drop for 0.049918 mass flow rates between 450 turned flow and 00 turned flow is
0.21056. The percentage increase in pressure drop between 900 turned flow and 450 turned flows is 0.4782.
Similarly the percentage increase in pressure drop between 900 turned flow and 00 turned flow is 0.78947.

IV. CONCLUSION
In the experimentation Reynolds number (Re), the non-dimensional parameter is used to indicate the flow
regime. The effect of air entering at different entry angles and at different temperature on the forced convection
heat transfer from a channel is studied for different velocities. Calculations are carried out at five different mass
flow rates.
Also the enhancement of ratio of Nusselt number with baffle to Nusselt number without baffle for 90 0 turned
flow is highest. From the experimental results it is seen that in case of 90 0 turned flow enhancement of heat
transfer coefficient is more as compared to straight entry. In this experimentation three sets of inlet sections
were used and each inlet supplies air at three different temperatures. As the air enters the test section at various
angle viz. 00,450,900 due to which turbulence of air is created and which causes the increase in convective heat
transfer. Further due to insertion of baffle in the test section, laminar boundary layer is broken and more
turbulence is produced, thereby causing more convective heat transfer. It is observed that percentage increase in
heat transfer for air entering at 550C and at an inclination of 900 to that of remaining two sections at same
temperature is maximum. Further, if we consider the effect of temperature it is observed that by increasing the
temperature of the air entering the test section, its heat transfer coefficient increases and maximum heat transfer
coefficient is observed at inlet temperature of 550C. At the same mass flow rate pressure drop increases with
increase in inclination of the inlet ,and it is observed that highest pressure drop is obtained at 90 0 inclination of
inlet section as compared to the remaining other two inlet sections.

V. NOMENCLATURE
Bulk temperature at inlet
Tb1=T1
Bulk temperature at exit
Tb2= (T7+T8+T9+T10)/4
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As = Heating Surface area
Where,
h = avg. convective heat transfer coefficient W/m2-K
Q = steady state convective heat transfer from heater fixed at 72 Watts
Tb1 = bulk temperature at inlet 0C
Tb2= bulk temperature at exit 0C
T1 =Ambient temperature of air at inlet 0C
T2 = Surface temperature of Inlet heater 0C
T3 and T4= temperature of air at entrance of Test section 0C
T5 and T11 = Surface temperature of heater of Test section 0C
T6 = temperature of air inside the Test section 0C
T7, T8, T9, T10 = temperature of air at the exit 0C
Tw = Wall temperature of channel
L= Length of baffle
t= Thickness of baffle
H = height of baffle
A = Cross sectional area of test section m2
As = Surface area of heater
h = avg. convective heat transfer coefficient w/m2k
Hydraulic diameter Dh of channel
Dh = Hydraulic diameter in mm
A = Cross sectional area of channel m2
P = Perimeter of channel m
To find mean bulk temperature,
Tf = (Tb1+Tb2)/2
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