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Discrete-Time, Discrete-Frequency Reassignment Method
By Daniel L. Stevens & Stephanie A. Schuckers

Abstract- The reassignment method is a non-linear, postprocessin technique which cans improve
the localization of a time-frequency distribution by moving its values according to a suitable
vector field. The reassignment method’s scheme assumes that the energy distribution in the
time-frequency plane resembles a mass distribution and moves each value of the time-frequency
plane located at a point (tt, ff)to another point,(tt g@f f ), which is the center of gravity of the
energy distribution in the area of (tt, ff). The result is a focused representation with very high
intensity [11]. During this research it was investigated and determined that the frequency
reassignment corrections derived from the Flandrin reassignment method have undesired noise
sensitivity at very small noise levels as well as undesired observed distortions. In order to
address these issues, a novel approach was derived-the discrete-time, discrete-frequency
formulation of frequency reassignment. It is shown that in noise-free tone scenarios, this novel
approach eliminates ambiguity and provides less distortion than the Flandrin reassignment
method.

Keywords: reassignment method, time-frequency distribution, discrete-time, discrete-frequency
reassignment method.
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Discrete-Time, Discrete-Frequency
Reassignment Method

Daniel L. Stevens® & Stephanie A. Schuckers®

Absiracl- The reassignment method is a non-linear, post-
processing technigue which cans improve the localization of a
time-frequency distribution by moving its values according to a
suitable vector field. The reassignment method's scheme
assumes that the energy distribution in the time-frequency
plane resembles a mass distribution and moves each value of
the time-frequency plane located at a point (¢, f)to another
point,(Z, f), which is the center of gravity of the energy
distribution in the area of (¢, f). The result is a focused
representation with very high intensity [11].Duringthis research
it was investigated and determined that the frequency
reassignment corrections derived from the Flandrin
reassignment method have undesired noise sensitivity at very
small noise levels as well as undesired observed distortions. In
order to address these issues, a novel approach was derived -
the discrete-time, discrete-frequency formulation of frequency
reassignment. It is shown that in noise-free tone scenarios, this
novel approach eliminates ambiguity and provides less
distortion than the Flandrin reassignment method.

Keywords:  reassignment — method,  time-frequency
distribution, discrete-time, discrete-frequency
reassignment method.

I. INTRODUCTION

ilinear time-frequency distributions offer a wide
3range of methods designed for the analysis of

non-stationary signals. Nevertheless, a critical
point of these methods is their readability [15], which
means both a good concentration of the signal
components along with few misleading interference
terms. A lack of readability, which is a known deficiency
in the classical time-frequency analysis techniques (e.g.
Wigner-Ville distribution (WVD), spectrogram), must be

overcome in order to obtain time-frequency distributions
that can be both easily read by non-experts and easily
included in a signal processing application [5]. Inability
to obtain readable time-frequency distributions may lead
to inaccurate signal detection and metrics extraction.

The reassignment method is a post-processing
technique aimed at improving the readability of time-
frequency distributions [7].The reassignment method
has application to many scientific and engineering
fields, including signal processing [16], biology [8],
music [9], and mechanical engineering [1].The concept
of time-frequency reassignment can be first traced back
to Kodera in the 1970’s, and was introduced in an
attempt to improve the spectrogram [13].The
reassignment operations proposed by Kodera could not
be applied to discrete short-time Fourier transform
(STFT) data, because the partial derivatives that formed
these operations could not be computed directly on
data that was discrete in time and frequency [6]. It has
been suggested that this difficulty was a primary barrier
to wider use of the reassignment method.

The next major step forward for the
reassignment method was many years later when
several papers were written by Auger and Flandrin [2],
[4] in which reassignment equations were derived not
only for the spectrogram, but also for a number of other
time-frequency and time-scale distributions.

The spectrogram can be defined as a two-
dimensional convolution of the WVD of the signal by the
WVD of the analysis window, as in equation (1):

+oo
S.(tfih) = jj W, (5, W, (t — s, f — )ds de )

The distribution reduces the interference terms
of the signal’'s WVD, but at the expense of time and
frequency localization.  However, a closer look at
equation 1 shows that W, (t — s, f — &) delimits a time-
frequency domain at the vicinity of the (¢, f) point, inside
which a weighted average of the signal’s WVD values is
performed. The key point of the reassignment principle
is that these values have no reason to be symmetrically

Author o Air Force Research Laboratory Rome, NY 13441.

e-mail: daniel.stevens.7@us.af.mil

Author o: Department of Electrical and Computer Engineering, Clarkson
University. Potsdam, NY 13699.

e-mail: sschucke@clarkson.edu

distributed around (¢, f), which is the geometrical center
of this domain. Therefore, their average should not be
assigned at this point, but rather at the center of gravity
of this domain, which is much more representative of the
local energy distribution of the signal [3]. Reasoning
with a mechanical analogy, the local energy distribution
W,(t—s,f—8W.(s,&) (as a function of sand &) can
be considered as a mass distribution, and it is much
more accurate to assign the total mass (i.e. the
spectrogram value) to the center of gravity of the
domain rather than to its geometrical center. Another
way to look at it is this: the total mass of an object is
assigned to its geometrical center, an arbitrary point

© 2018 Global Journals
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which except in the very specific case of a
homogeneous distribution, has no reason to suit the
actual distribution. A much more meaningful choice is
to assign the total mass of an object, as well as the
spectrogram value, to the center of gravity of their
respective distribution [5].

it f) =

This is exactly how the reassignment method
proceeds: it moves each value of the spectrogram
computed at any point (t, f) to another point (£,f) which
is the center of gravity of the signal energy distribution
around (¢, f)[12](see equations (2) and (3)):

[ sWy(t = s, f — OW,(s,§)ds d¢

2 Wit = s, f — OW,(s,€)ds d&
[C2 E Wt — s, f — OW,(s,&)ds dE

2)

flotf) =

Wy (= s, f — OW,(s,§)ds dé

3)

and thus leads to a reassigned spectrogram (equation (4)), whose value at any point (t, f') is the sum of all the

spectrogram values reassigned to this point:

SO fih) = ff S (& f;)8(t = E(x; t,f))a(f’ —f(x;t,f)) dt df (4)

One of the most interesting properties of this
new distribution is that it also uses the phase
information of the STFT, and not only its squared
modulus as in the spectrogram. It uses this information
from the phase spectrum to sharpen the amplitude
estimates in time and frequency. This can be seen from
the following expressions of the reassignment operators:

R do,(t, f;h

it ) = - L2LD ©
A do,(t, f;h
fooef) = f o+ Z2LS0 ©)

Where @, (t,f;h) is the phase of the STFT of x
®,.(t,f;h) =arg E(t, f; h)). However, these
expressions (equations (5) and (6)) do not lead to an
efficient implementation, and have to be replaced by
equations (7) (local group delay) and (8) (local
instantaneous frequency):

it f) = ¢ —m LIRS h)} @
|Fx(tf;h|

fostf)=f—- S[F’c(t'fi Dh)Fx*(zt'f; h)} @
|Fx(:,f;h|

Where T, (t) =t X h(t) and Dy (t) = %(t). This leads
to an efficient implementation for the reassigned
spectrogram without explicitly computing the partial
derivatives of phase. The reassigned spectrogram may
thus be computed by using 3 STFTs, each having a
different window (the window function h; the same
window with a weighted time ramp t*h; the derivative of
the window function h with respect to time (dh/dt), (also
known as the frequency-weighted window)).

+o0
O, fim = [ e erms(e ~ i) (r - fesen)deds

© 2018 Global Journals

Reassigned spectrograms are therefore very
easy to implement, and do not require a drastic increase
in computational complexity.

Since time-frequency reassignment is not a
bilinear operation, it does not permit a stable
reconstruction of the signal. In addition, once the phase
information has been used to reassign the amplitude
coefficients, it is no longer available for use in
reconstruction. This is perhaps why the reassignment
method has received limited attention from engineers,
and why its greatest potential may be where
reconstruction is not necessary, that is, where signal
analysis is an end unto itself.

The reassignment principle for the spectrogram
allows for a straight-forward extension of its use to other
distributions as well [10]. If we consider the general
expression of a distribution of the Cohen’s class as a
two-dimensional convolution of the WVD, as in
equation (9):

C.(t, f1) = ff 0(t—s.f — OW, (s, )ds dE  (9)

replacing the particular smoothing kernel W, (u, §) by an
arbitrary kernel Tl(s, &) simply defines the reassignment
of any member of Cohen’s class (equations (10)
through (12)):

st = s, f — W, (s, §)ds d§

tot, f) =—% 10
S e e —om e ds &g

o DN = s f = OW (s, Ods dg
fef) = 20 = s, f — W, (s,€)ds d§ (v
(12)



The resulting reassigned distributions efficiently
combine a reduction of the interference terms provided
by a well adapted smoothing kernel and an increased
concentration of the signal components achieved
by the reassignment. In addition, the reassignment

Q@) = f f N(s/a, fy — ab)W, (¢ — 5,€) ds d€

we can see that the representation value at any
point (t,a = fy/f) is the average of the weighted WVD
values on the points (t —s,¢) located in a domain
centered on (t, f) and bounded by the essential support
of I1. In order to avoid the resultant signal components

operatorst (x;t, f) and f(x;t, f) are almost as easy to
compute as for the spectrogram [4].

Similarly, the reassignment method can also be
applied to the time-scale energy distributions [14].
Starting from the general expression in equation (13):

(13)

broadening  while  preserving the  cross-terms
attenuation, it seems once again appropriate to assign
this average to the center of gravity of these energy
measures, whose coordinates are shown in equations
(14) and (15):

7 s(s/a, fo — ad)We(t —s,8)ds dE

e 7 1(s/a, fy — adIW, (= 5,6)ds dé aw
. fo  NCDEN(s/afo — adW(t — s §ds d§
L) =% =—= 15
e 2 0(s/a, fy — ad)W,(t — s,§)ds dE ()
Rather than to the point (t,a = f,/f) where it is Fig. 1 clearly shows the improvement in

computed. The value of the resulting modified time-
scale representation on any point (t,a) is then the sum
of all the representation values moved to this point, and
is known as the reassigned scalogram (equation (16)):

It can be shown that the reassignment method
is theoretically perfectly localized for chirps and
impulses.

. Sjne:trt;ram TriModPMCW ZTri fs=2Hz fo=IHz modBW=300Hz modperiod=20ms #samples=256 SNA=I04

Frequeney [Hz]

[
Time [5]

- WD TriModFHCW T =z k=K modBW=500H: medperiod=20ms #samples=55 DHR=5d8

Frequency [Hz]

04
Time [5]

Frequancy [Hz]

Frequency [He]

readability that the reassignment method provides over
its classical time-frequency distribution counterpart.
This is due to the reassignment method’s ‘smoothing’
and ‘squeezing’ qualities.

_g:oassimeﬁm TribodPUW 2Tri f5= 4Kz b=z modBi=500Kz modperiod=ms #samples=258 =Dd8

Time (5]

FREPWVD TriMudfMOR 2T fs=4kHz fo=IRH: medBW=500H: mudperiod=20ms #samples=206 BIR=58
2000~ -

04
Time [5]

Figure 1: Time-frequency localization comparison between the classical time-frequency analysis tools (left) and the
reassignment method (right). The uppper two plots are the spectrogram (left) and the reassigned spectrogram
(right) for a triangular modulated FMCW signal (256 samples, SNR=10dB), and the lower two plots are the WVD

© 2018 Global Journals
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(left) and the reassigned smoothed-pseudo WVD (RSPWVD) (right) for a triangular modulated FMCW signal (256
samples, SNR=5dB). The reassignment method gives a much more concentrated time-frequency localization, and
produces a reduction in cross-term interference, which makes for an improvement in readability over its classical
time-frequency distribution counterpart [17].

Table | supports the hypothesis that the
improved readability provided by the reassignment

method (shown in Fig. 1) translates to more accurate
signal detection and parameter metrics extraction.

Table I: Test metrics comparison between the spectrogram and the reassigned spectrogram and between the WVD
and the RSPWVD (> 600 total test runs) [17]
("*" denotes outperformed its counterpart; ‘~’ denotes performed about equal to its counterpart)

Parameters Extracted Spectrogram | Reassigned Spectrogram | WVD RSPWVD
Carrier Frequency (% error) ~1.0% ~1.9% ~ 2.5% ~ 3.4%
Modulation Bandwidth 20 29 * 1 0% 6.8% * 3.0%
(% error)
Modulation Period (% error) ~ 0.5% ~ 0.4% ~ 0.3% ~0.2%
TF Localization (X) 3.0% *11% ~ 0.65% ~ 0.69%
(% of entire x-axis)
TF Locali;ation (Y) 71% % 0 0oy —154% | ~1.48%
(% of entire y-axis)
Chirp Rate (% error) 21.7% *0.6% 6.6% *4.6%
Percent Detection (0,10dB) 93.0% *100% 89.3% *95.0%
Lowest Detectable SNR *-3.5 dB -2.5dB -2.0dB *-3.0dB
Plot Time *40s 33.0s 12m:54s | *349s
Experimental tests and analyses of the measures for the reassignment method, it was

reassignment method algorithms in MATLAB (such as
those illustrated above) have demonstrated the
effectiveness of the reassignment method.  Using
simple threshold detection methods, visual inspection of
a variety of input reassigned signals and detection
results led to the conclusion that these results
corresponded quite well with human assessment of the
reassigned signals.

II. CONCERNS DISCOVERED WITH THE
FLANDRIN FREQUENCY REASSIGNMENT
METHOD

While performing research under this effort for
the purpose of obtaining quantitative performance

discovered that the frequency reassignment corrections
derived from the Flandrinre assignment method had
undesired noise sensitivity at very small noise levels as
well as undesired observed distortions.

The equation for the standard reassignment
method is shown in equation (17):

frequency reassignment correction = —-Im

This value is added to the frequency bin (index
k), to correct for frequency assignment. Here, N is the
DFT length (and signal segment length when no zero-
padding is used). Xj[n, k] is a DFT of the weighted
input, formed from an N-length segment of the input
x[n], multiplied by the N-length window, h[n]. X,p[n, k]
is the DFT of the same input segment, but in this case,
weighted (multiplied) by the “derivative” of the data
window. The indices n and k are the time (sample)
index and the frequency (bin) index respectively.

Figure 2 shows the undesired noise sensitivity
at very small noise levels using Flandrin’s reassignment
method.
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Figure 2: Frequency reassignment corrections derived from Flandrin et. al. algorithm. SNR=97dB and tone is
located near bin 121. Undesired noise sensitivity is observed at very small noise levels.

Figure 3 is a plot of frequency bin vs. frequency
corrections, again using the Flandrin frequency
reassignment corrections algorithm (equation (17)), but
this time with noise-free tones located near bin 0. The

frequency reassignments

plot shows undesired observed distortions in noise-free
frequency reassignment, as well as multi-valued
corrections, implying ambiguity, and making uniquely
correcting for distortions impossible.
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Figure 3: Frequency reassignment corrections derived from Flandrin et. al. algorithm. Noise-free tones located near
bin 0. Plot shows distortions in noise-free frequency reassignment.

I11. INCEPTION OF THE DISCRETE-TIME,
DISCRETE-FREQUENCY (D&D)
REASSIGNMENT METHOD
Analyzing the frequency reassignments for the
DFT of such a weighted data segment we can omit for

now the time reassignment, which allows simplification
of equation (17) as,

k
Rk] = —Im {);':[L]]} (18)
or equivalently
R[k] = Im {% : W[k]} (19)
With
_ Xuplk]
W[k] = X (20)

The sequence domain multiplication from the
application of the data window results in circular
convolution in the frequency domain, which allows us to
write

Xnplk]
X [k]

X[k] ® Hp[k]
X[k] ® H[k]

In the continuous-time, continuous-frequency
original formulation of the frequency reassignment
process, the weighting function, h'(t), is the time-
derivative of h(t).

However, this relationship is a result of linear
convolutional processes that occur in the domains of
continuous-time and continuous-frequency.

For the discrete-time, discrete-frequency (D&D)
formulation of frequency reassignment, we need to
account for the circular convolutions as identified in
equation (21).

2D
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Accounting for circular convolution allows us to
determine the relationship between

h[n] = DFT-'{H[k]} (22)

and

hp[n] = DFT~'{Hp[k]} (23)

We first return to the goal of frequency
reassignment, which is to eliminate the spreading of
sinusoidal components in the frequency representation
of x,[n] as observed in the transform result, X, [k](i.e.
we want localization in frequency).

This tells us that the desired result of Equation
(19) is a (modulo-N for complex-valued inputs) ramp
sequence, such that an input sinusoid is reassigned to a
single frequency bin.

If we impose the requirement that the
calculation in Equation (20) is purely imaginary valued
for a given input sinusoid, likewise, Wl[k]can be
determined from Equation (19).

With  W[k] known for an input complex
exponential sinusoid, x.[n], from Equations (20) and
(21), we can solve for hp[n] in terms of h[n], which
results in

DFT~Y{W[k] - DFT{h[n] - x.s[n]}}
Xcs[n]

Note that the above Equation (24) represents a

pre-processing step that can be performed as an

hp[n] = (24)

frequency reassignments

initialization for determininghp[n], for a chosen data
window,h [n].  Equation (24) represents the first
iteration of the D&D reassignment method.

For any arbitrary input,x[n], these data windows
can be considered for use as implied in Equation (19) to
accomplish the frequency reassignments.

As a practical matter, caution must be used to
ensure that the denominator in Equation (24) does not
result in division by zero.

A logical choice for the complex sinusoid,
x.s[n], is one that maximally spreads energy across
frequency bins, i.e., one that is at a frequency that lies
exactly between two bin centers (i.e. choose the worst-
case scenario for localization).

In this sense, the chosen sinusoid is a design
signal, which allows us to elicit a response from the
system of Equation (24), which is used as our “time-
derivative” data window.

Observations made by following this method
exposes the sensitivity of Equation (17) to the selection
of an appropriate derivative of the data window, as can
be seen in figure 4.

500 F
400
300 |
200 |
100
ok

-100

Ideal correction%‘:Z

-400

equency correction (bins)

U

-500 &

Undesired observed
distortions

—

50 100 150 200 250 300 350 400 450 500

DFT frequency bin

Response is observed to be highly sensitive to the input signal frequency, and implicitly

to the determination of derivative of window, h

Figure 4: Frequency reassignment corrections derived from above method. Nine noise-free tones located near bin
0. Plot shows undesired observed distortions and that the response is observed to be highly sensitive to the input
signal frequency, and implicitly to the determination of derivative of window, h. Note that when he input signal

matches the design signal, ideal reassignment is achieved.

IV. FURTHER ENHANCEMENT OF THE D&D
REASSIGNMENT METHOD

In an attempt to resolve some of the issues
noted in figure 4, frequency reassignment corrections

© 2018 Global Journals

were derived from exact mathematical derivative (i.e.
Hanning, derivative of Hanning), followed by sampling.
Figure 5 shows the results of this approach.
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Figure 5: Frequency reassignment corrections derived from exact mathematical derivative (i.e. Hanning, derivative

of Hanning), followed by sampling. Nine noise-free tones located near bin 0. The plot shows some improvement

over figure 4 (consistent), but still has issues (undesired observed distortions, creates excessive distortion,is multi-
valued causing ambiguity).

Continuing in an attempt to resolve issues the most current state of development of the D&D
brought out in figure 4 and figure 5, frequency reassignment method). Figure 6 shows the promising
reassignment corrections were derived from DFT-based  results of this approach.
scaling by jw as a derivative approximation (represents

frequency reassignments
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Figure 6: Frequency reassignment corrections derived from DFT-based scaling by jw as a derivative approximation
(most current state of development of the D&D reassignment method). Nine noise-free tones located near bin 0.
There are undesired observed distortions, however, using piece-wise monotonic response will allow for proper
frequency reassignment. Eliminates the ambiguity, is consistent, with less distortion than prior methods. Shows a
marked improvement over the methods used to produce figure 4 and figure 5. This most current state of
development of the D&D reassignment method will be used to compare reassignment results to Flandrin’s method.

Figure 7 shows comparisons of the original
spectrogram, the Flandrin frequency reassignment, and
the D&D frequency reassignment derived from DFT-
based scaling by jw as a derivative approximation
(noise-free tone (top row) and 80dB SNR (bottom row)).
For the noise-free tone (top row), the D&D frequency
reassignment clearly produces better results. For the
bottom row, the blue band around the yellow line is
more narrow (meaning more of the energy is
reassigned) for the D&D frequency reassignment than
for the Flandrin frequency reassignment (figure 8
substantiates this).
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Figure 7: Comparisons of original spectrogram (left), baseline (Flandrin) frequency reassignment (center), and most
current D&D frequency reassignment (right). The top row is for a noise-free tone, and the bottom row is for 80dB
SNR. For the noise-free tone (top row), the D&D frequency reassignment clearly produces better results. For the
bottom row, the blue band around the yellow line is more narrow (meaning more of the energy is reassigned) for the
D&D frequency reassignment than for the Flandrin frequency reassignment (figure 8 substantiates this).

Figure 8, which represents new work in the area
of preliminary statistical investigation, is a time
accumulation comparison (similar to a Hough
Transform) between Flandrin’s frequency reassignment
at 80dB SNR and the D&D frequency reassignment
derived from DFT-based scaling by jw as a derivative
approximation at 80dB SNR. Though the processing
gain is evident for Flandrin’s frequency reassignment,

Flandrin’s Frequency Reassignment (80dB SNR)
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the processing gain is even more enhanced for the D&D
frequency reassignment, showing both an increase in

strength of the reassigned tone and a decrease in noise
floor, leading to an improvement in detect ability at a
commensurate false alarm rate. This substantiates the
findings of figure 7 that more of the energy is reassigned
in the bottom right plot (D&D) than in the bottom center
plot (Flandrin).

D&D Frequency Reassignment (80dB SNR)
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Figure 8: Time accumulation (i.e. representative of Hough Transform) comparison of baseline (Flandrin) frequency
reassignment (left), and the most current D&D frequency reassignment (right) (both at 80dB SNR).Though
processing gain is evident for Flandrin frequency reassignment, processing gain is even more enhanced for the
D&D frequency reassignment, which shows both an increase in strength of reassigned tone and a decrease in noise
floor, leading to an improvement in detectability at a commensurate false-alarm rate.
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V. CONCLUSIONS

During this research it was investigated and
determined that the frequency reassignment corrections
derived from the Flandrin reassignment method have
undesired noise sensitivity at very small noise levels as
well as undesired observed distortions. To address
these issues, the novel approach of the discrete-time,
discrete-frequency (D&D) formulation of frequency
reassignment was derived. It is shown that in noise-free
tone scenarios, this novel approach (the D&D
reassignment method) eliminates ambiguity and
provides less distortion than the Flandrin reassignment
method.

As a result of the derivation and enhancement
of the D&D reassignment method, one of the focus
areas for future research efforts will be a comparison
between the D&D reassignment method and the
standard (Flandrin’s) reassignment method for not only
frequency reassignment corrections, but also for time
reassignment corrections, in both noise-free and high
noise (low SNR) environments. Also, investigation will
be performed using the D&D reassignment method to
further reduce undesired observed distortions for both
noise-free and high noise (low SNR) environments.
Publishing and patent efforts have come about as a
result of this research [18], and will continue as the
research develops.
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New Formulas for the Mutual Inductance and
the Magnetic Force of the System: Thin Disk
Coil (Pancake) with Inverse Radial Current
Density and Thin Wall Solenoid with Constant
Azimuthal Current Density

Slobodan Babic * & Cevdet Akyel°

Abstract- This paper deals with two coaxial circular coils (thin
disk coil and thin wall solenoid) for which we calculated the
electromagnetic quantities such as the mutual inductance and
the magnetic force. The disk coil (pancake) is with the
nonlinear inverse radial current and the wall solenoid with the
constant current in the azimuthal direction. The circular coils
with the nonlinear inverse radial current are well known as the
Bitter coils, and the circular coils with the azimuthal current are
well known as the ordinary coils. Also, the coils with the
azimuthal current can serve as the superconducting coils.
These calculations give the semi-analytical and the analytical
expressions respectively for these electromagnetic quantities.
Also, we presented the improved filament method as the
comparative method.

[. INTRODUCTION

he computation of the electromagnetic quantities
T(magnetic field, self-inductance, mutual

inductance, magnetic force, etc) for the
conventional circular coaxial coils with the constant
azimuthal current density has been presented in many
papers, books, monographs and studies [1-19]. The
analytical, the semi-analytical and the numerical
methods have been used to calculate these
electromagnetic quantities. These calculations are used
in many electromagnetic applications (tubular linear
motors, magnetically controllable devices and sensors,
current reactors, cochlear implants, defibrillators,
instrumented  orthopedic  implants, in  magnetic
resonance imaging (MRI) systems, superconducting
coils, and tokamaks, etc.).

Also, there are the nonconventional circular
coils with the nonlinear inverse radial density current
which are used in many technical applications such as
the superconducting coils, the electromagnets for the

Author a. Independent Researcher, Montréal, Berlioz 101, H3E 1N2
Canada. e-mail: slobobob@yahoo.com

Author o. Département de Génie E/ectrique, Ecole Polytechnique, C.P.
6079 Succ. Centre Ville, QC H3C 3A7, Montréal, Canada.

e-mail: cevdet.akyel@polymil.ca

the superconducting coils, the electromagnets for the
production of the extremely powerful magnetic fields
(Bitter coils) and the homopolar motors [20-36]. The
calculation of the magnetic force and the mutual
inductance for these coils is essential for the design of
electromagnetic inductors. In this paper, we calculated
these electromagnetic quantities for the coil's
combination, the disk coil (pancake) with the nonlinear
inverse radial current density (Bitter disk coil) and the
wall solenoid with the constant azimuthal current density
(superconducting wall solenoid). All expressions are
obtained in the semi-analytical form (mutual inductance)
and the closed form (magnetic force). Also, all singular
case has been solved and given in the closed form. The
results of these calculations are expressed over the
elliptic integrals of the first kind and the Heuman's
Lambda function and one simple friendly integral whose
kernel function is the continuous function in all interval of
the integration. We used the Gaussian numerical
integration, [37-38]. The improved modified filament
method for the presented configuration is given as the
comparative  method. We use the Matlab
implementation to calculate the mutual inductance and
the magnetic force by two independent methods.

1. BAsiC EXPRESSIONS

The Bitter disk coil and the wall solenoid in the
air are with the inverse radial current density and the
uniform current density respectively [29-30], (See Fig. 1)
as follow:

N1
S ®
In—=
Ry
L (2)
© (2,1
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X

Figure 1: Bitter disk coil and thin solenoidthe mutual inductance and magnetic force between these coils, are
respectively [29 30],

R,z

7272 cosOdr;dzd0
— g j [
(z,-z) InE R 7y

HoN N LR

M= 3

HoN N LILR = R2 %2 (7,7, )cosO drydzd 6
F:_012I1§€2({IIQ1r3 ! (4)
z,—z)IN—=Y R =
(2 1) R 1

where
N{N,R? n=4 .
r:\/(ZQ —z)2+r[2+R2—2rIRCOS¢9 M='uO12R2 ()" 5)
(z)—z)In== n=1

Both configurations are in the air or a non- 2 " R1
magnetic and non-conducting environment. We obtain
the integral form to calculate these two physical F = ,uoNlNlelz Z ( 1) —1 (6)
quantities. 2(z,-2) In R, ;

[11. CALCULATION METHOD Ry

After four analytical integration M and Fare
respectively:
where

PL=Ps =Ry Py =p3 =Rty =t =2y =213 =1, =25 — 7,

[ =Py =t _1234
n R R

T, = Io, + 5 SOG,)SN(, -1 -3~ Aq(z, .k, )= Son(,)(b; -1V, +

_1)(]2 2_
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From general cases (5) and (6) it is possible to
obtain the special and singular cases.

The expression T, is in a semi-analytical form
where we need to solve the simple integral /g,
numerically by using the Gaussian integration for
example.
The expression S, is in the closed form.

Singular Cases

Singular cases are in the analytical form (5) and
(6) respectively:

IV. MODIFIED FILAMENT METHOD

In this paper, we give the modified formulas for
the mutual inductance and the magnetic force between
two Bitter thick coils (See Fig. 2) using the filament
method. Applying some modification in the mutual
inductance calculation [30], we deduced the mutual
inductance and the magnetic force between the Bitter
disk and the wall solenoid as follows:

Ifb, =0and k2 # 1orb, = 0andk,? =0. M (g,l)
Ith, — 0 and ke # 1. NiN5(R; = Ry) Z Z |
n ) kn ) . M = -K l==-n r|| ( ) (8)
i () (2K +1)(2n +1)In?2
4 =T F(g))
knzzinz:hn NN, 11, (R, - Ry) er(l)
A+ In) F- —KI——n [ ©)
Ifb, = 0andk,” = 1. (2K +1)(2n +1)In—
All expressions in (5), (6), (7), (8) and (9) are the  where R.l
complete elliptical integrals K, EandA, Heuman's
Lambda function [37-38].
2u R (I k*(g,!
(=200 g KOy g - ek
k(g.1) 2
I1,2(g)k(g)) 2-K*(g.))
F(g,l) =012 E(k(g,1) - 2K (k(g,|
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Figure 2: The Bitter disk coil and the thin solenoid
(filament method)

EXAMPLES

To validate the new approach we present some
examples, which cover either the regular or the singular
cases. In these examples, all coils are with the unit
currents. Also, we define the coil dimensions. For the
comparative  filament method, the number of
subdivisions for each coil is also given. Our goal is to
verify the accuracy of this method, so that we will fix the
number of subdivisions (K= n = 3000) in the following
examples without taking into consideration the
computational time in the calculations. The number of
turn in each coil is 100.

a) Examplel.

Wall solenoid: R=2m, z,=0m, z,= 1 m.
Disk coil: R,= 3 m, R,= 4m, zo=2 m.
From (5) and (6) we obtain:

M =17.661179mH

F = 7.4710846mN

From (10) and (11) we obtain:

M = 17.661179mH

F = 7.4710845mN

b) Example2.

Wall solenoid: R==2m, m,z;,=0m, z,= 1 m.
Disk coil: R,= 3 m, R,= 4m, zo= 0.5 m.
From (5) and (6) we obtain:

M = 26.158014mH

F=0N

From (10) and (11) we obtain:

M = 26.158014mH

F =ON

c) Example3.

Wall solenoid: R=3m, z,=0m, z,=1m.
Disk coil: R,= 3 m, R,= 4m, zo=2 m.
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From (5) and (6) we obtain:

M = 36.827754mH

F =20.338671mN

From (10) and (11) we obtain:

M = 36.827754mH

F =20.338671mN

d) Example4.

Wall solenoid: R=3m,z,=0m, z,= 1 m.
Disk coil: R,= 3 m, R,= 4m, zo=-2 m.
From (5) and (6) we obtain:

M = 22.050066mH

F =-10.576130mN

From (10) and (11) we obtain:

M = 22.050066mH

F =-10.576130mN

e) Exampleb.

Wall solenoid: R==3m, m,z;,=0m, z,= 1 m.
Disk coil: R,= 3 m, R,= 4m, zo=1m.
This case is the singular case.

From (5) and (6) we obtain:

M = 67.6203121mH

F = 45.309445mN

From (10) and (11) we obtain:

M = 67.620348mH

F = 45.309130mN

) Example6.

Wall solenoid: R==4m, m,z,=0m, z,= 1 m.
Disk coil: R,= 3m, R,= 4m, zo= 1 m.
This case is the singular case.

From (5) and (6) we obtain:

M = 83.323296mH

F = 49.855888mN

From (10) and (11) we obtain:
M =83.323370mH
F = 49.855568mN

g) Example7.

Wall solenoid: R=4m, m,z,=0m, z,= 1 m.
Disk coil: R,= 3 m, R,= 4m, zo= 0 m.

This case is the singular case.

From (5) and (6) we obtain:

M = 83.323296mH
F = -49.855888 NmN

From (10) and (11) we obtain:

M = 83.323370mH
F = -49.855568mN



h) Example8.

Wall solenoid: R=4m, m,z,=0m, z,= 1 m.
Disk coil: R,= 3 m, R,= 5m, zo= 1m.

This case is the singular case.

From (5) and (6) we obtain:

M =91.598922mH

F = 54.254023mN

From (10) and (11) we obtain:

M = 91.598976mH

F = 54.258225mN
) Example9.

Wall solenoid: R=3m, m, z,=0m, z,= 1 m, N,=100.
Disk coil: R,= 3m, R,= 5m, zo= 0.6 m, N,=100.
This case is the singular case.

From (5) and (6) we obtain:

M = 65.436644mH

F = 5.7050033mN

From (10) and (11) we obtain:

M = 65.436923mH

F = 5.7050600 mN

By previous examples, we confirmed that all
calculated results by two different methods are in an
excellent agreement. The bold digits are significant with
the same accuracy in both calculations.

V. CONCLUSION

The new accurate expressions for calculating
two electromagnetic quantities such as the mutual
inductance and the magnetic force are presented in this
work. All expressions are in the semi-analytical and the
closed form. We give the improved filament method as
the comparative method. Results obtained by two
different methods agree at least in five significant
figures.

Nomenclature

/;: Current imposed in the disk (pancake) in (m)

I,: Current imposed in the superconducting solenoid in
(m)

N;: number of turns of the pancake

N,: number of turns of the solenoid

R,and R,: Inner and outer radius of the pancake in (m)
R: The radius of the solenoid in (M)

Zo: Axial position to the pancake in (m)

z,: Axial position to the bottom of the wall solenoid in (m)
Z,: Axial position to the top of the wall solenoid in (m)

M: Mutual inductance in (H)

F: Magnetic force between coils in (N)

J; and J,: Current densities at the pancake and the wall
solenoid respectively in A/m

r; Radial positions along the pancake

r, 8, z: Cylindrical coordinates

Uy = 4107 H/m: Magnetic permeability of free space
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Perovskite Thin-Film Solar Cell: Study of Optical
and Electrical Performance Parameters for Nano
Textured Surface

Niajul Karim®, Md. Golam Rabbi®, Md. Lutful Sadig Mim® & Sakib Ahammad ©

Absiracl- An optical and electrical investigation has been
conducted for CH3NH3PbI2CIx based organic-inorganic
halide thin-film perovskite solar cells for smooth and pyramid
textured surfaces. A reference structure of perovskite solar cell
has been reproduced for short-circuit current density and
external quantum efficiency and further used in designing
pyramid textured solar cell. The actual investigation was done
by varying the period and height of the pyramid for better light
trapping and enhancing effective thickness of the cell which is
quite new for this type of emerging material solar cell. The
complete study was carried on theoretically using a
commercial Finite Difference Time Domain (FDTD)
mathematical simulation tool where Maxwell's curl equations
are rigorously solved. An optimized perovskite solar cell has
been designed and developed for 600 nm of period and 300
nm of height, exhibiting maximum of 19.15% conversion
efficiency and 23.61 mA/cm2short-circuit current density,
compared to 18.27% and 22.53 mA/cm2 conversion efficiency
and short circuit current, respectively in smooth substrate
solar cell.

Keywords: feted, short circuit

efficiency, nana textured.

current, quantum

[. INTRODUCTION

he energy demand is increasing day by day with
ever growing increment of population. Developing
countries like Bangladesh still depend on the non-
renewable energy such as fuel, diesel and gas to relive
the enormous requirement of energy. But those non-
renewable sources are confined and not favorable to the
environment. On the contrary, the renewable sources of
energy are sustainable, abundant and environment
friendly such as solar cell. Solar energy is an important
form of renewable energy and in the field of solar energy
the Perovskite based solar cell has attracted a great
attraction due to their high efficiency and low production
cost. As we proceed towards the future with more cost
efficient solar cells, the absorber layer of thin-film silicon
solar cells are inversely getting thinner. Therefore the
importance of efficiently absorbing the incident light
within very thin absorber layers becomes more crucial.
In order to design optically efficient solar cells, it is
imperative to understand the interplay between the
optical wave propagation within the cell and the surface

Author o o p @: Faculty of Engineering, American International
University-Bangladesh (AIUB). e-mail: niajulkarim@gmail.com

texture at its interfaces. Within the scope of this thesis,
the influence of periodic surface texture was
investigated by rigorously solving the Maxwell’s
equations in two and three-dimensions. By studying the
varying parameters in surface textured solar cells,

Their performance in terms of the quantum
efficiency and short circuit current was evaluated.

II. FUNDAMENTALS OF NANOTEXTURED
PEROVSKITE SOLAR CELL

a) Basic concepts of perovskite solar cell

Solar or photovoltaic cell converts the sun
energy into electricity whether they adorning our
calculator or orbiting our planet on satellites, they rely on
the photoelectric effect. Solar Cell does the direct
conversion of light into electricity at the atomic level.
Some materials exhibit a property known as the
photoelectric effect that causes them to absorb photons
of light and release electrons. When these free electrons
are captured, electric current results that can be used as
electricity. When photons are absorbed by matter in the
solar cell, their energy excites electrons higher energy
states, where, the electrons can move more freely. The
perhaps most well-known example of this is the
photoelectric effect, where photons give electrons in a
metal enough energy to escape the surface. A
perovskite solar cell is a type of solar cell which includes
a perovskite structured compound, most commonly a
hybrid organic-inorganic lead or tin halide-based
material, as the light-harvesting active layer.

b) Basic Structure of perovskite solar cell

Perovskite take their name from the mineral,
which was first discovered in the Ural Mountains of
Russia by Gustav Rose in 1839 and is named after
Russian mineralogist L. A. Perovskite. The compound
that has similar crystal structure like CaTiO3 are
basically known as Perovskite material. A perovskite
solar cell is a type of solar cell which includes a
perovskite structured compound, most commonly a
hybrid organic-inorganic lead or tin halide-based
material, as the light-harvesting active layer. Structure of
a perovskite with a chemical formulaABX3. The red
spheres are X atoms (usually oxygen’s), the blue
spheres are B-atoms (a smaller metal cation, such as
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Ti4+), and the green spheres are the A-atoms (a larger
metal cation, such as Ca2+). Pictured is the undistorted
cubic structure; the symmetry is lowered to
orthorhombic, tetragonal or many
perovskites [1,2].

trigonal in

Figure 1. Basic structure of perovskite solar cell [2].

c) Nano textured solar module

Light trapping scheme based on Nano textured
sur-faces/interfaces of thin film Perovskite solar cells
(amorphous, microcrystalline) deposited on textured
transparent conducting oxide(TCQO) is modeled with the
help of Monte Carlo method taking into account the
effects of light coherence. Spectral response and short
circuit current density are computed as a function of
Nano roughness, angular distribution of scattered light,
thickness and optical constants of all layers of single or
multifunction solar cells. The spectral response of Nano
textured solar cells geometrical optics cannot be used;
therefore, usual ray tracing programs cannot be applied.
On the other hand, a rigorous treatment using Maxwell

electromagnetic theory (being available only for
periodically repeating sure-face features) is very
complicated and time-consuming. The ultimate

performance of Nano textured thin film solar cell in terms
of maximum achievable short circuit current, for a given
thickness of all layers and the light scattering
parameters of layers and interfaces. It enables us to
analyze and identify the losses due to each parameter,
where an efficient light trapping is absolutely necessary
for the efficient thin-film Perovskite solar cells [3-5].

© 2018 Global Journals

Figure 2: Sketch of n-i-p thin film solar cell [5]

d) Proposed Model

The model as represented above is of smooth
surface heterojunction solar cell. With the dependency
of technology, solar cell can be deposited in either the
superstrate  or  substrate form. In  superstrate
configuration the incident light passes.

Through the glass substrate before it enters the
ITO and p-i-n layer of the solar cell and the following
model states the superstrate configuration as an
example. Since the texturing is also happened in this
model that’'s why an efficient light trapping scheme is
absolutely worked for the efficient thin film solar cell
.moreover, Our optical model of solar cell gives the
ultimate performance of Nano textured thin film solar cell
in terms of maximum achievable short circuit current, for
a given thickness of all layers and the light scattering
parameters of layers and interfaces and also It enables
us to analyze and identify the losses due to each
parameter. Finally the model gives the desired results
within few minutes.

o [ 100

Fostos [

Figure 3: Schematics sketch of unit cell of periodically
texture perovskite thin film solar cell with pyramid
texture.



[1I. PROPERTIES OF PEROVSKITE SOLAR CELL
MATERIAL

In our thesis work, we have investigated the
efficiency enhancement of a Perovskite solar cell varying
thickness of different materials and different contact
materials. Then we investigated the efficiency
enhancement of same cell after Nano texturing the cell.
We also used the optical constants of Perovskite
materials, which were extracted, optimized and inserted
into the simulation environment to perform the
simulation. In our cell the layers consist of Glass as
substrate, ITO as Transparent Conducting Oxide (TCO),
TiO2 as P-layer, Perovskite (CH3NH3PbI3 xClIx) as
intrinsic layer, and P3HT as N-layer and Gold as metal
reflector. Same material is used for Nano texturing each
layer of the Perovskite solar cell.

V. DESIGNED AND SIMULATION A

a) Short circuit current

Within the scope of this thesis, the optical
simulation results were concentrated on periodically
textured thin-film Perovskit Solar cells. But in reality, the
surface texture in the solar cells are ordered randomly
where the period and height of such textures can vary
significantly. Which is shown in fig 4 in following. The
analysis of such textured surfaces can be done and
gives us the height profile and statistics on the surface.
Along with the height information, the spatial distribution
with regards vto the period is also a necessary quality
which determines the light trapping potential of a
surface. In order to get a more accurate representation
of the surface texture, a tuple of <period-height>
information would be desirable. The influence of the
perovskite solar cell thickness on the performance of the
solar cell is shown in Figure: 4. the overall short circuit
current is simulated for perovskite thin film solar cell for
different periods and heights. In terms of the simulations
performed, the maximum short circuit current is
23.8mA=cm2 and the minimum short circuit current is
22.55mA=cm2.The overall current is gained by 1.25
mA=cm2. The calculated short circuit current for overall
perovskite thin film solar cell is shown in Figure: 4 under
(wavelength 300 — 800 nm) illumination. The maximum
short circuit current is observed for grating period of
600nm and the grating height of 80nm. On the other
hand, the minimum short circuit is observed for grating
period of 300nm and the grating heights of
approximately 25 nm. Since, we have been observed
from the simulation the total short circuit current for
perovskite thin film solar cell is 22.53 mA=cm2 and the
total short circuit current for perovskite thin film solar cell
on textured surface is 23.8 mA=cm2. So, compared
with the short circuit current of a solar cell on a smooth
substrate, the short circuit current is increased by
1.27mA=cm2.

N8

2 76 |
8 |
? ooh  Wavelength L '(234]
300-800nm

Period [nm]

Figure 4: Short circuit current for Perovskite thin film
solar cell as function of the grating period and height
illuminated under entire sun spectrum (wavelength
300 - 800 nm).

b) Quantum efficiency with varying periods

The quantum efficiency can be viewed as the
collection probability due the generation profile of a
single wavelength, integrated over the device thickness
and normalized to the incident number of photons. It is
the ratio of the number of carriers collected by the solar
cell to the number of photons of a given energy incident
on the solar cell. The curve in Figure: 5 shows the
quantum efficiency of perovskite based thin-film solar
cell with the variation of periods of (260-600 nm) with a
particular height of 75 nm. As Quantum efficiency refers
to the ratio of the number of carrier collected by the
solar cell due to the incident of photons, it is directly
related with the absorption coefficient and mobility of the
electron, holes as well as to increase the effective
thickness and the diffraction of light. With high
absorption we will get higher carrier collection. As we
get high short circuit current flows in 600 nm, the
quantum efficiency is also high here.
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Figure 5: Quantum efficiency for Perovskite thin film
solar cell with pyramid structures of height 75 nm and
different period.

c) Quantum efficiency with varying heights
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Figure 6: Quantum efficiency for Perovskite thin film
solar cell with pyramid structures of period 260 nm and
different height

The following curve shows the quantum
efficiency of perovskite based thin-film solar cell with the
variation of heights of (75-300 nm) with a particular
period of 260 nm in Figure:6. As Quantum efficiency
refers to the ratio of the number of carrier collected by
the solar cell due to the incident of photons, it is directly
related with the absorption coefficient and mobility of the
electron, holes as well as to increase

The effective thickness and the diffraction of
light. With high absorption we will get higher carrier
collection. As we get high short circuit current flows in
75 nm, the quantum efficiency is also high here.

Optimized period and height for maximum short
circuit current
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Figure 7: Quantum efficiency for Perovskite thin film
solar cell with pyramid structures of period 600 nm and
height of 300 nm

The above curve in Figure:7 shows compared
with flat solar cell, it has been observed from the curve
blue under illumination of (300-500 nm) has a maximum
short circuit current and also red which is under
illumination (700-800 nm) has a maximum short circuit
current. The maximum short circuit current measured as
23.61 mA/cm2. Therefore we got the maximum quantum
efficiency and overall efficiency is 19.15 %.

V. EFFICIENCY CALCULATION AND RESULT

a) Efficiency calculation for varying different periods and
heights

The efficiency is the most commonly used
parameter to compare the performance of one solar cell
to another. Efficiency is defined as the ratio of energy
output from the solar cell to input energy from the sun.
In addition to reflecting the performance of the solar cell
itself, the efficiency depends on the spectrum and
intensity of the incident sunlight and the temperature of
the solar cell. The efficiency of a solar cell is determined
as the fraction of incident power which is converted to
electricity and is defined as:

h = VOC lSC FF
nPi



PEROVSKITE THIN-FILM SOLAR CELL: STUDY OF OPTICAL AND ELECTRICAL PERFORMANCE PARAMETERS
FOR NANO TEXTURED SURFACE

Table I: Solar Cell Characteristics Analysis for Different
Period (260-600 Nm) and Height of 75 Nm for Efficiency

260 23.33 0.9268 0.8751 18.92
300 23.36 0.9268 0.8751 18.92
400 23.36 0.9268 0.8751 18.92
600 23.46 0.9268 0.8751 18.92

Table II: Solar Cell Characteristics Analysis For Different
Height (0-1000 Nm) And Period Of 260 Nm For
Efficiency

0 9 0.9268  0.8751 18.27
75 23.33 09268  0.8751 18.27
100 23.29 09268  0.8751 18.27
200 22.72 0.9268  0.8751 18.27
300 22,51 0.9268 0.8751 18.27
600 22.60 0.9268  0.8751 18.27
800 22.75 0.9268  0.8751 18.27
1000 22.82 0.9268  0.8751 18.27

b) Comparatively Characteristic Analysis

Table Ill: Comparatively Characteristic Analysis for
Optimized Perovskite Thin Flim Solar Cell With Textured
Surface And Flat Surface

300 23.61 0.9268 0.8751 19.15

600

260 0 2253 0.9268 0.8751  18.27

From the table we got the maximum quantum
efficiency and overall efficiency is 19.15% of perovskite
solar cell for texture surface and also it is observed from
the table for smooth surface the efficiency is 18.27%.

VI. CONCLUSION

The results from this study provide a solid
foundation in exploring into more intricate issues which
are intertwined with the optical response of thin-film
silicon solar cells. With optics playing a major role in
enhancing the absorption efficiencies of Thin-film
Perovskite solar cells, there still awaits exciting areas of
research which are yet to be solved. In this research we
have analyzed different simulation results and observe
Power loss profile of flat solar cell for the wavelength of
630 nm and 730 nm. Also it is analyzed through the
research and successfully identified the short circuit
current and quantum efficiency of perovskite thin film
solar cell for smooth surface as well as for textured
surface with the variations of different periods and
heights. The efficiency of a perovskite thin film solar cell
is determined as the fraction of incident power which is
converted to electricity as we investigated from overall
result. From the result we have been observed that
optimum variation of solar cell for different wavelength
spectrum from 300 nm to 800 nm and about 80% light is
absorbed at 500- 550 nm of wavelength spectrum as
well as the total short circuit current is for textured
surface of perovskite solar cell is 23.8mA=cm2.whereas
the total short circuit current for smooth surface which
we have been observed before is 22.53mA=cm2. These
currents are observed with the variation of periods by
fixing height or with the variation of heights by fixing
period. Finally, the Quantum efficiency of optimized
period and height of maximum current for textured
surface of perovskite thin film solar cell is analyzed and
a delightful maximum efficiency (19.15%) found out
which is comparatively higher than the flat Surface of
perovskite thin film solar cell.
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The IOT-Machine Learning Security Algorithm
for Detecting the Intruders Gaining an
Unauthorised Access to Government

Protected Areas

J.K Adedeji* & E.A Adenagbe°

Abstract- The essentiality in the protection of the government
restricted areas using the technology of 10T (Internet of
Things) has been observed in this research, with the sole aim
of providing certain measures to curbing the activities of the
terrorists creating dirty scenario within the environment.

The neural network employed four input neurons
which are the Sensors used as IP address, while the
government authorized areas are the clients who receive
messages from the IP neurons, there are two separate hidden
layers of orders seven each as the processors preceding the
output which is the threshold value that has been determined
through the sigmoid activation function.

The research adopted the deep learning machine
language and internet base IP with python socket command
lines to address the problem of detecting unauthorized access
in the government restricted areas. The unsupervised neural
network algorithm used is of configuration 5-7-7-4, which was
coded in python functional programming language and trained
with the back propagation algorithm with 300 epoch runs to
ensure that errors are maintained at about 5% confidence level
through the sigmoid activation function.

The research concluded that IOT technology if
properly annexed is faster and better than conventional
security method of narrower view, coverage and limitation to
capture intruders invading government protected areas.
Keywords: IOT, neural network, algorithm, unsupervised

learning.

I. INTRODUCTION

HE security of our government protected areas
within the government offices and environments is

the concerns of all the stakeholders. The only way
out is full security surveillance which is based on internet
of things to watch over the government offices and raise
proper alert when there's intruders invading the
government areas. The research intends to design an
intelligent internet based system, which is capable of
detecting the activities of the intruders at the odd hours
and make an urgent reports to curb the unauthorized
access and monitor the footpaths of the intruders.

In some previous studies, involving the use of
internet of things (IOT) and designing of algorithm;
Serge Thomas et.al used an unsupervised learning
algorithm called K- pattern clustering algorithm  of

Author: Adekunle Ajasin University. e-mail: adedejikunle2@gmail.com

Artificial Neural network and came out with certain
evidences that IOT can be used in connection  with
sensors to provide adequate work place environment
[3], [7]. He said that users' daily activities can generate
patterns which play an important role in the smart
environment. This assisted in receiving prompt alert to
detect anomalies in the users' environment [1], [3]. In a
similar work by Moeen et.al, IOT was used to monitor
the health based on the cloud-based processing. The
researchers considered the applications of the remote
health monitoring systems for long term recording,
management and came up with realizations that this
technology can be used as a decision support system
by the medical personnel [2], [4].

The 10T technology was used in data analysis
which involves the combination of embedded systems,
comprising wired, wireless communications, Sensors
and actuator devices. The researchers said that 10T
requires data to represent better services to users for
performance and intelligence [5], [3]. In this manner, the
IOT should be able to access raw data from different
sources over the network and analyse these information.
This research will try to focus on collecting raw data
from different Sensors such as; the actuator sensors as
a signal generator to map the footprints of the intruders
received from the GPS system, and transforming these
for prompt reports, Laser Sensor, ground motion Sensor
and sound recognition Sensor.

. MoODEL CONCEPTIONALSATION

The system is designed using the coordinates
systems of the GPS readings, there's a set boundary for
non-inhabitants entering into the government's protected
areas of the governor's offices. If an unauthorized
access is noticed within these regions, the machine
learning system which is also internet connected gives
an alert which is viewed through the internet and face
recognition cameras within the government's protected
regions. The hardware and Engineering requirements is
that the system is designed using the pressure or
actuator sensor (intruders steps is on the forbidden or
authorized regions to actuate the cameras), Laser
Sensor, ground motion Sensor, and the sound detection
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Sensor which gives an indication whether there's an
abnormalities in the environment. These sensors are
used as the input neurons to carry out information on
the states of the regions as per forbidden or an access,
in this regards the followings sensors are used;
Pressure or Actuator: this will sense the various weights
of the different people entering into the government's
protected areas and detects whether it is within the
forbidden or authorised regions and send a message
through IP camera attached to the sensor for a prompt
action and response from the government's security
agent. The second neuron is the ground motion sensor;
this is used to detect any un-allowed or strange motion
in the forbidden regions of the protected regions in other
to issue a response 'intruders" for appropriate action.
The third sensor used as input neuron is the sound
detection/ recognition sensor which detects the
unwanted sound like whistling, shouting, and any kind of
noise in the environment that is unpleasant for proper
action to taken by the security agent. The forth neuron
as input is the Laser light sensor, which senses any
Locations and coding sheet for the raw data

kind of search lights, motor pointer light, touch light for a
proper action to be taken. A bias neuron is also
attached to all the neurons at all the stages of the
processing by the algorithm, the architecture of the
system and configuration is an unsupervised neural
network of four layers.

I1I. THE NEURON-COMPUTING APPROACH

The neuron access or forbidden equation can
be expressed as; for the IP input neuron 1, for the IP
neuron 2, for the IP neuron 3, for the IP neuron 4. The
deep learning Algorithm will assign the weights
according the predetermined values and initial
conditions. The values; are the various divisions in IP
neurons as; being high, medium and low to classify the
neurons into the deep learning algorithm for proper
training and error corrections. The various value
supplied into the algorithm can be viewed from the table
below which have been converted into appropriate digit
for the machine to learn.

Table 1. Code selection process

A B C D E F
21 | 00001 | 30 | 01001 | 15 | 00011 35 01001 20 01001 1 | 01001
22 | 00001 | 31 | 00011 | 16 | 00011 36 00101 7 00001 2 | 01001
23 | 00001 | 32 | 00001 | 17 | 10001 38 00001 10 01001 4 | 01001
24 | 00001 | 33 | 00011 | 26 | 01011 39 00001 5 01001 6 | 00001
25 | 01001 | 34 | 00011 | 43 | 01001 40 00011 9 01001 | 42 | 00101
27 | 00011 3 00001 | 45 | 00011 41 00001 8 00001 | 44 | 01011
28 | 00001 | 11 | 00001 | 47 | 00001 48 01001 13 01001 | 18 | 00001
29 | 00001 | 12 | 01001 | 37 | 01001 19 00001 14 11001 | 46 | 01001

IV. THE NEURAL ARCHITECTURE

The neural Algorithm used assumes an
unsupervised configurationof order 5-7-7-4 that is, a
neural network that has a memory that influences future
predictions, as whether it should raise an alert for
intruders' case or not. The four input neurons are the
sensors, while the fifth neuron is bias; the algorithm has
seven processors in the two separate hidden layers
preceding the output which represents the messages
sent from each neuron to get an alert from the internet
connected sensors with different IP address for
message dissemination. The algorithm is coded using
python computer language for easier real time data
processing and timely information on the security state
of the government redistricted areas.
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Figure 2: The Error correction Circuit

The Neural network model using the XOR data
is repeatedly presented to the neural network, which is
the function of the weights. The network maintains the
deep learning intelligently enough to carry out the roles
as an automatic machine that relates appropriate
messages to the IP neurons in charge of the duty. At
each presentation, the error between the network inputs,
the hidden layers and the desired output were
calculated, which is the threshold energy value when it
has been activated through the sigmoid function. The
computed values are then fed back to the neural
network for proper adjustments. These sequences of
events were done repeated until an acceptable error has
been reached, when the network no longer appears to
be learning, and the final output computed. The network
ensures that the errors from the IP addresses are
adequately feedback for automatic responses.

V. RESULTS AND DISCUSSIONS

The neurons are regarded as the IP addresses
while the government restricted areas to be protected is
regarded as the clients, the neurons got the signals and
immediately transmit the message through the internet
protocol address, which is immediately related to the
monitoring devices mounted within the closed circuit
system. The deep learning algorithm ensures that
there's no delay in response to the signals sent by any
of the neurons which are the IP addresses. The figure 3
actually showed a particular case which were simulated
from different neurons, these are transformed by
geodesic software which mapped the forbidden and the
authorised regions within the government areas. Those
regions mapped by the intelligent neurons with red
pigments are forbidden regions where the intruders can
likely take and the neurons through the sensors mapped
the footpaths of the intruders for a message of insecurity
to be alerted. These areas have be given the tolerance
values of noise signals in terms of Decibels strength for
the sensors that measures noise/sound signals in those
areas, also the Laser light sensor has been restricted to
certain allowable values on the amount of light intensity
that can be absorbed in the environment, any value
above the threshold set by neurons means the deep
learning algorithm will quickly initiate, the Laser sensor
IP to relay a message of insecurity signal for the

appropriate measures to be taken. In general any
abnormality sensed in the environment by the IP
neurons are quickly and timely related by the deep
learning algorithm for proper action to be taken. The
regions mapped by the intelligent neurons with pink
pigments are the save areas where the inhabitants of
the government premises are allowed to treed without
any information been related by the neurons as long as
no messages are being sent by the neurons. As can be
shown in the neural architecture in figure2, it is expected
that any of the four neurons can send a message
through the IP attached to them, but in actual sense, the
deep learning algorithm has been coded using an
exclusive OR Boolean, to make the neurons more
intelligent, which mean if any the IP is active then we can
get an insecurity alert for an action to be taken by the
security agents which monitor them on internet cameras
based on the coordinates in the GPS.

Figure 3: Pattern Recognition Map

VI. CONCLUSION

The research established that the
technology of IOT and pattern recognition gave a better
idea of getting vital information in real time and as
accurate as possible. The IP Sensors also provides
another means of getting a firsthand online message
that can assist in reducing the level of crimes involving
terrorism in our environments, with a little drawback. The
research discovered that it is not only useful to the
intending stakeholders, but it can be seen by the public
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all over the world who are using the internet as at the
time of any crime and a good information to prevent
other locations around the globe of being invaded by
intruders.
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New Prospects of Science and Technology
Development of Energy Industry and
Improvement of Conditions for Living

on the Planet Earth

Sapargaliyev Aldan Asanovich

Abbreviations used in this document:

EMa — electric machine (EMa is the common name of
the EM — electric motor and EG — electric generator)

ED — electric drive

I. INTRODUCTION

he main type of energy used by humanity is the
electric energy. Whatever the type of energy

source is, the renewable energy or some else, it is,
mainly, transferred into the electric energy. This is
conditioned by the fact that electricity is easier to store
and to transport, and, it is the much more versatile type
of energy in terms of application than other types.

For energetic industry and conditions for living
on the planet Earth, the things of primary importance are
EM and ED. Nowadays there are about 98% of all
electric energy used by the humanity is produced by
EGs. From all types of energy combined, that a human
uses, there are about 60% of it is used by the ED, which,
along with other components, includes one or more EM
(EM — electric motor), in order to power a machine or a
mechanism.

Ultimately new  concepts, technologies,
theoretical and experimental works offered by us, create
the basis for the rapid movement through the path of
achieving one of the main strategic goals of humanity:

- The development of technologies, effectiveness of
electric energy industry by means of more powerful,
more compact and more energy efficient EMas and
EDs with new functions offered on the market, and
the transfer of transport means (land, air, sea and
underwater) from ICE (Internal Combustion Engine)
to electric drives, while achieving a the high level of
technology;

- Creation of favorable conditions for human, flora,
and fauna, to exist on the planet Earth by means of
reduction of the harmful emissions not only
produced by various mechanisms and machines
but by electric stations as well, which means the
more efficient use of electric energy by it's
CONSUMErS;

Author: e-mail: oiarna.ass@gmail.com

We should make a notice here, that new
technologies would also lead to the reduction of
materials consumption ratio, the production cost of
mechanisms and machines, as well as to the
improvement of their exploitation conditions.

I[I. CURRENT PROBLEMS OF TECHNOLOGICAL
DEVELOPMENT OF THE ENERGY INDUSTRY
AND [MPROVEMENT OF LIVING
CONDITIONS ON THE PLANET EARTH

For more than 180 years of development
history, the principle of known EMas and EDs was
based, in terms of inductive contact in their structure, on
two fundamental ideas® ", which may be referred as
single-vector and full-length. (the complete rows of
stator and rotor). That's why all known EMa and ED
could be called accordingly, the oEMa-FF (single-vector
electric machine with complete rows of stator and rotor)
and oED-FF (electric drive with complete rows of stator
and rotor and single-vector inductive cohesion
between them).

Nowadays, the known oEMa-FF and oED-FF
systems have reached their maximum capabilities in
terms of technical realization. However, oEMa-FF and
oED-FF have serious disadvantages: large sizes, limited
energy efficiency, functional and structural abilities.

Consider the main factors that constrains the
wider use of electric drives in vehicles and the transition
from DIC to EM.

Let's cover three main factors, which hold
electric drives from the more frequent application in
transport and from the ICE (internal combustion engine)
to EM transfer. In this relation, the level of technological
development of electric cars may be used as
an example.

Electric cars that are currently produced (by
Tesla and others) use too much electricity for driving,
and are also more expensive than cars with ICE, and
electric cars are more expensive as well. These oEMa-
FF and oED-FF systems, which are mainly expressed by
the following factor:
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The power P of electric current (work per time)
is defined by this expression

P = 9U (1)

Where: 7 — power of electric current; U — voltage
of electric current.

Electric motors of electric vehicles have a value
U in the range from 300V to 700V, and the J value
reaches 400A. Such big values of 7 and U are necessary
for the creation of a significant force of inductive
cohesion in a limited volume of electric motors.

The amount of heat, which is emitted during the
passage of electric current through the conductor is
defined by the law of Joule-Lenz:

Q=7°Rt, 2

Where: 7 — current strength, R — conductor’s
impedance, t — time, during which the current was
applied.

Because of the big value of 7 used in electric
motors of e-vehicles, the greater amount of heat is
emitted. Such fact leads to the number of issues.

- The efficiency of the electric motor and battery
decreases — sufficient portion of electric energy is
consumed during the unnecessary and undesired
process of heat emission;

- The electric motor has to have a greater amount (up
to 700 kg) of expensive electric batteries;

- Tt complicates the structure, increases the weight
and production cost of the electric drive — it is
necessary to use effective (liquid) cooling system in
order to maintain working temperature of electric
motor and battery;

- Decreases the lifetime of an electric motor and
electric battery — works under extreme conditions;

We also can note the fact that the quantitative
ratio of electric vehicles to ICE vehicles is rather low
nowadays and equals about 0,1%. At the same time,
exhaust gases of ICE vehicles produce about 80% of air
pollution in large cities and metropolises. Electric motors
are installed only on small aircrafts and even those are
experimental models. And the other fact is that ICE
offers a 30-35% efficiency rate.

All the above mentioned facts show how
undeveloped, in terms of technologies, are energy
industry and the idea of provisioning the favorable
conditions for living on the planet Earth.

For instance, our up-to-date technologies may
help to decrease the level of energy consumption and
heat emission in electric vehicles by 3 and 9 times
accordingly. However, such indexes of our technologies
in this field are not as big as they could possibly be.
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[1I. OUR OFFER OF NEW TECHNOLOGIES/
CONCEPTS AND THEIR SCIENTIFIC AND
TECHNOLOGICAL SOLUTIONS
Our new scientific and technological solutions

for the development of energy industry and
improvement of living conditions on planet Earth are

based, at least, on one of several concepts/
technologies 1,
- Multi-vector  electric  machine (mEMa-(FF))

andaelectric drive (mMEMD-(FF));

- Multi-section (multi-vector and single-vector) electric
machine (EMa-(jk) and electric drive (ED-(jk));

- ED with 2V- draught, under the constant or
adjustable directions of it's draught vectors;

- Single plane systems with “self-compensating
rotating moments” and/or with “cross-section of
maximum energy efficiency” ED;

- Round-multi-vertex-rotating EMa and ED.

The notations used above:

i — The number of sections of active zones on the
surface of inductive cohesion (electromagnetic groups)
on the stator;

k — The number of sections of active zones on the
surface of inductive cohesion on the rotor;

F — Shows that stator or rotor (depending on it's position
in sequence F) has a complete row
Notice: All technical solutions are
protected by law.

registered and

IV. MAIN TECHNICAL AND COMMERCIAL
ADVANTAGES OF NEW TECHNOLOGIES/
CONCEPTS AND THEIR SCIENTIFIC AND

TECHNICAL SOLUTIONS

Electric machines mEMa-(jk) and electric drives
mED-(jk), which are created based on concepts of multi-
vector and multi-section inductive cohesion, would have
many advantages in comparison with already known
oEMa-FF and oED-FF, which were created based on
concepts of single-vector inductive contact and
complete row of stator and rotor.

Multi-vector character of EMa and mED (mEMa-
FF, mED-FF) has the following advantages before
oEMa-FF and oED-FF:

- Specific output power in relation to the volume is 2
to 4 times bigger due to the increased square of
inductive contact surface;

- Material consumption rate is twice less;

- Higher efficiency rate, especially for low and
medium power, provided by the decrease of
ineffective part of the winding, which in it's turn
consumes a significant portion of electric energy (to
the useless and for useless and harmful resistance
of the electrically conductive material).
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The multi-section nature of EMa and mED
{EMa-(jk) and ED-(jk)}, also provides new capabilities in
comparison with svEMa-FF and svED-FF, such as
structural diversion due to the spatial scattering of multi-
sector inductive contact of EMa-(jk) and ED-(jk), and the
improvement of energy efficiency rate due to the
increase of quality of inductive cohesion t at EMa-(jk)
and ED-(jk) systems.

Multi-vector and multi-section nature of EMa
and mED {mEMa-(jk) and mED-(jk)} lead to the addition
of abovementioned abilities usually present at multi-
vector {mEMa-FF, mED-FF} and multi-section {EMa-(jk)
and ED-(k)} systems — mEMa-(jk) has capabilities of
mEMa-FF and EMa-(jk), whereas the mED-(jk) has
capabilities of mMED-FF and ED-(jk).

The characteristics of mEM-(jk) given above are
proven by results of theoretical and experimental works:

- Firstly, based on the mathematical analysis and
computer modeling of mEM-FF (mEM-FF — multi-
vector electric motor) with complete-row-stator and
rotor), described in the report of the international
conferencel®—(https://waset.org/Publication/volume-
density-of-power-of-multivector-electricmachine
/10007686);

- Secondly, based on the experimental test of the
mSRM-31  (mSRM-31 - multi-vector switched
reluctance motor with three-section-rotor and one-
section-stator) laboratory sample created by us
https://drive.google.com/file/d/1SliPcbgDHEDKCsB
EcZ CsxwRgE_ Viu2n/iview?ts=5aa157f1.

Independent testing®® and examination by
commissions, including the field team, (Excerpt from
Protocol of official meeting of Administration of “National
agency for technological development”, or — “NATD”,
dated September 04, 2017 No. 43/17"%, have shown that
the very first laboratory sample of mEMn-(k) in the
world, presented by the mSRM-31 system, has twice
more specific output power per given volume than
known single-vector analogs.

The concept of ZV-draught with the constant or
adjustable direction of it's vectors of draught force, and
various structures of systems for it's realization in ED
system are based on the purposeful effective use of
multidirectional jet forces or pressure differences
created by the engine in the given environment. At the
same time, this concept may be successfully used for
moving objects along the edge of two different
environments, whether it is a vacuum, gas or liquid.
Energy efficiency of ZV-draught concept is connected
with the fact that at least two out of four side vectors of
multidirectional jet force or pressure differences in the
given environment created by the engine, which usually
compensates one another, are changing their direction
of force in order to perform the useful work. This idea is
realized by means of special structure surfaces with
constant or adjustable profile and/or position of, at least,

one of the system’s components, which create ZV-
draughts.

For instance, this concept allows increasing the
amount of useful work of engine with horizontal draught,
which would increase energy efficiency rate in the
horizontal direction and at the same time it would create
single-direction vertical draught and/or single-direction
side draught. In such case, the useful work is performed
in front of the engine and/or behind it.

The technology of achieving the maximum
energy efficiency of two interconnected cascades of
paddles in single-plane ED with the multi-cascade
paddle of single-plane-blade would allow to increase the
energy efficiency rate of ED, help to increase all of it's
technical and dimensional characteristics.

The technology of achieving the self-
compensation effect of the torque in ED with the multi-
cascade paddle of the single-plane blade would help in
getting rid of various issues connected with the transfer
of the torque force to immovable rests of ED and would
allow creating a single-plane blade with two or more
cascade paddles for the self-movement unit. For
instance, technologies of “self-compensating of the
torque” and “cross-section of maximum efficiency”
would allow creating aircraft with straight vertical take-off
by means of a single blade with electric drive, which
would be 10 times more energy efficient and would
consume 30% less material for production than other
known systems.

Particularly, the helicopter with such ED would
not require the second co-axial main rotor or the tail
wing with the control rotor, which is used for
compensation of the torque momentum transferred from
the main rotor to the helicopter itself. Known
technologies consider using the two co-axial main rotors
or the tail control rotor, which significantly decreases the
energy efficiency rate, increases the consumption of
materials and the overall weight of the aircraft, and these
technologies are connected with issues of transferring
the torque momentum to the body of the helicopter.

Newly developed technologies of round-multi-
vertex rotating EMa and ED allow assigning them any
geometrical form or shape.

V. MARKETING. THE MARKET OF THE ANNUAL
EM AND ED CONSUMPTION

Conceptually new EMa and ED offered would
have more compact dimensions, greater energy
efficiency rate, new functional capabilities and structural
diversion in comparison with known oEMa-FF and oED-
FF systems. These advantages have such a great
importance for energy industry and for the human, flora,
and fauna in general, that the technologies offered here
are considered as “disruptive innovation” /https://www.
publish.ru/articles /201009 15118689/, “which totally
changes the values ratio on the market, and essentially
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disrupts (substitutes) products and services previously
prevailed on the market.

Areas of use of the EMa and ED is rather wide
and it's production is highly profitable. EMa and ED are
so widely spread and used that any unit of industrial or
household appliances has one or more EMa and/or ED
component.

With the great degree of probability, one may
expect, that new type of mEM and ED offered by us
would occupy the multi-billion share of the world market
in no time.

a) The market of electric motors (MEM)

Let's review some of the known statistic data
(http://en.moment-expo.com/electric-motors), which
only cover the export of electric motors. The annual
export rate of top-10 exporters of electric motors in 2010
has reached the following indexes (by countries): China
— 7 billion dollars with 13% growth per year; Germany —
6 billion dollars with annual growth of 9%. Moreover,
besides China and Germany top-10 world exporters of
EM also includes Japan (3 billion dollars), USA (3 billion
dollars), Mexico (2 billion dollars), France (2 billion
dollars), ltaly (2 billion dollars), Czech Republic (1 billion
dollars), Switzerland (1 billion dollars) and Thailand
(1 billion dollars).

At the same time, one may observe the
significant annual increase of EM production rates. For
instance, Chinese export in the year 2010 has increased
by 13% and German export in the same year has
increased by 9%.
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b) The market of electric drives (MED) (let’s look only at
automotive and aerospace industries)

i. The vehicle market

In 2010 the German government has accepted
the program of production and exploitation of electric
vehicles. The goal of this program was to reach 1 million
electric vehicles present in the country by 2020, and by
the year 2030, the amount of such electric vehicles
should reach 6 million. At the same time, this program
suggests several methods of stimulation of the demand
for such vehicles. The Chinese government plans that
by 2020 there would be 5 million electric vehicles
on the country (https://hightech.fm/2017/07/03/china_
batteries), and by 2030 China would completely shift to
electric cars. The Minister for Transport of Russia has
announced the schedule and deadlines of shifting to
electric vehicles by the year 2027 (http://tass. ru/ekono
mika/4475736). Governments of 20 more countries
(India, Norway, Ukraine and etc.) have also announced
such plans being scheduled to be completed in
2027-2032.

The global vehicle market is equal to 1,6 trillion
dollars. According to forecasts the world market of
vehicles would reach 121 billion US dollars by the year
2020 http://www. strategyr. com/Market Research/
Electric_Motors Market Trends.asp, and the growth of
sales, according to various forecasts, would be equal to
25-70 million electric vehicles by 2025.
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Different scenarios of the growing number of
electric vehicles in the world, from 5 up to 14 million
units per year. (https://www.iea.org/publications/freepub
lications/publication/GlobalEVOutlook2017.pdf)

Taking into consideration the fact that the cost
of electric drive is about 30% of the cost of the whole
vehicle (https://www.quora.com/Can-anyone-provide-a-
cost-analysis-of-converting-gasoline-powered-cars-to-a-
plug-in-hybrid-cars), the share of electric drives market
for electric vehicles in 2020 would be equal to about 40
billion dollars.
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I Cumulative OEMs
announcements (estimate)
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c) The market of ASI (ASI — Aero-space industry)

Nowadays the annual income from ASI only in
the USA is equal to about 180 billion dollars, which is
roughly 0,6% of the total world GDP. Annual turnover in
other sectors of the economy, which are immediately
connected with the use of aerospace technologies is
about 10 times bigger than the turnover of the
aerospace industry itself.
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In addition to above, if one is single author, then entitled to 40% discount on publishing
research paper and can get 10%discount if one is co-author or main author among group of
authors.

The Fellow can organize symposium/seminar/conference on behalf of Global Journals
Incorporation (USA) and he/she can also attend the same organized by other institutes on
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The Fellow can become member of Editorial Board Member after completing 3yrs.
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books/literature/publishing of research paper.
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PREFERRED AUTHOR GUIDELINES

We accept the manuscript submissions in any standard (generic) format.

We typeset manuscripts using advanced typesetting tools like Adobe In Design, CorelDraw, TeXnicCenter, and TeXStudio.
We usually recommend authors submit their research using any standard format they are comfortable with, and let Global
Journals do the rest.

Alternatively, you can download our basic template from https://globaljournals.org/Template.zip

Authors should submit their complete paper/article, including text illustrations, graphics, conclusions, artwork, and tables.
Authors who are not able to submit manuscript using the form above can email the manuscript department at
submit@globaljournals.org or get in touch with chiefeditor@globaljournals.org if they wish to send the abstract before
submission.

BEFORE AND DURING SUBMISSION

Authors must ensure the information provided during the submission of a paper is authentic. Please go through the
following checklist before submitting:

1. Authors must go through the complete author guideline and understand and agree to Global Journals' ethics and code
of conduct, along with author responsibilities.

2. Authors must accept the privacy policy, terms, and conditions of Global Journals.

Ensure corresponding author’s email address and postal address are accurate and reachable.

4. Manuscript to be submitted must include keywords, an abstract, a paper title, co-author(s') names and details (email
address, name, phone number, and institution), figures and illustrations in vector format including appropriate
captions, tables, including titles and footnotes, a conclusion, results, acknowledgments and references.

5. Authors should submit paper in a ZIP archive if any supplementary files are required along with the paper.

Proper permissions must be acquired for the use of any copyrighted material.

7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the
submission.

w
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Declaration of Conflicts of Interest

It is required for authors to declare all financial, institutional, and personal relationships with other individuals and
organizations that could influence (bias) their research.

PoLiCcY ON PLAGIARISM
Plagiarism is not acceptable in Global Journals submissions at all.

Plagiarized content will not be considered for publication. We reserve the right to inform authors’ institutions about
plagiarism detected either before or after publication. If plagiarism is identified, we will follow COPE guidelines:

Authors are solely responsible for all the plagiarism that is found. The author must not fabricate, falsify or plagiarize
existing research data. The following, if copied, will be considered plagiarism:

e  Words (language)

e Ideas

e  Findings

e  Writings

e Diagrams

e Graphs

e lllustrations

e Lectures
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e  Printed material

e  Graphic representations
e Computer programs

e  Electronic material

e Any other original work

AUTHORSHIP POLICIES

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to
its guidelines, authorship criteria must be based on:

1. Substantial contributions to the conception and acquisition of data, analysis, and interpretation of findings.
2. Drafting the paper and revising it critically regarding important academic content.
3. Final approval of the version of the paper to be published.

Changes in Authorship

The corresponding author should mention the name and complete details of all co-authors during submission and in
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for
changes in authorship.

Copyright

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after
acceptance to choose your copyright policy. You may follow this form for copyright transfers.

Appealing Decisions

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be
appealed before making the major change in the manuscript.

Acknowledgments

Contributors to the research other than authors credited should be mentioned in Acknowledgments. The source of funding
for the research can be included. Suppliers of resources may be mentioned along with their addresses.

Declaration of funding sources

Global Journals is in partnership with various universities, laboratories, and other institutions worldwide in the research
domain. Authors are requested to disclose their source of funding during every stage of their research, such as making
analysis, performing laboratory operations, computing data, and using institutional resources, from writing an article to its
submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global
Journals and submitting to the respective funding source.

PREPARING YOUR MANUSCRIPT

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese,
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and
abstract should be in English. This will facilitate indexing and the pre-peer review process.

The following is the official style and template developed for publication of a research paper. Authors are not required to
follow this style during the submission of the paper. It is just for reference purposes.
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Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e  Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e Large images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data for
figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and with
a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tips FOR WRITING A GOOD QUALITY ENGINEERING RESEARCH PAPER

Techniques for writing a good quality engineering research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of research engineering then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.
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21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e  Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e  Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.
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e Use paragraphs to split each significant point (excluding the abstract).

e Align the primary line of each section.

e Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

O O O

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.

The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.
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Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0 Skip all descriptive information and surroundings—save it for the argument.
0 Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.
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Content:

0 Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

0 Inthe manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

O Present a background, such as by describing the question that was addressed by creation of an exacting study.

0 Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or

manuscript.
What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do not include raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.
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Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XIX

Grades

A-B

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and
mistake

spelling

Well organized, meaningful

specification, sound
conclusion, logical and
concise explanation, highly
structured paragraph
reference cited

Complete and correct

format, well organized

C-D

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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