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A Pseudo-PMOS Logic for Realizing Wide Fan-in NAND Gates
By Sherif M. Sharroush

Abstract- Wide fan-in logic gates when implemented in static complementary CMOS logic
consume a significant area overhead, consume a large power consumption, and have a large
propagation delay. In this paper, a pseudo-PMOS logic is presented for the realization of wide
fan-in NAND gates in a manner similar to the realization of wide fan-in NOR gates using the
pseudo-NMOS logic. The circuit design issues of this family are discussed. Also, it is compared
with the conventional CMOS logic from the points of view of the area, the average propagation
delay, the average power consumption, and the logic swing using a proper figure of merit. The
effects of technology scaling and process variations on this family are investigated. Simulation
results verify the enhancement in performance in which the 45 nm CMOS technology is adopted.

Keywords. area, energy-delay product, power consumption, power-delay product, propagation
delay, pseudo-PMQOS logic, wide fan-in.
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A Pseudo-PMOS Logic for Realizing Wide Fan-in
NAND Gates

Sherif M. Sharroush

Absiract Wide fan-in logic gates when implemented in static
complementary CMOS logic consume a significant area
overhead, consume a large power consumption, and have a
large propagation delay. In this paper, a pseudo-PMOS logic is
presented for the realization of wide fan-in NAND gates in a
manner similar to the realization of wide fan-in NOR gates using
the pseudo-NMOS logic. The circuit design issues of this
family are discussed. Also, it is compared with the
conventional CMOS logic from the points of view of the area,
the average propagation delay, the average power
consumption, and the logic swing using a proper figure of
merit. The effects of technology scaling and process variations
on this family are investigated. Simulation results verify the
enhancement in performance in which the 45 nm CMOQOS
technology is adopted.

Keywords: — area, energy-delay  product, power
consumption, power-delay product, propagation delay,
pseudo-PMQOS logic, wide fan-in.

I. INTRODUCTION

OS circuits that can be implemented using the
I\/l universal NAND or NOR gates may contain a

large number of serially connected NMOS or
PMOS transistors if the fan-in is wide. Refer to Fig. 1 for
such a wide fan-in logic circuit with n inputs realized in
CMOS logic. The main problem associated with such
circuits is the large propagation delay. This is due to the
large RC time constant associated with charging or
discharging the parasitic capacitances at the output
node as well as the parasitic capacitances at the internal
nodes. Also, the current-driving capability of the
transistors degrades due to the reduction of their
effective-gate  voltages and their drain-to-source
voltages in addition to the threshold-voltage increase
due to the body effect. To make the matter worse, such
gates when realized in logic-circuit families such as
domino CMOS and pseudo NMOS suffer from the
contention current, thus requiring a large area for the
pull-down network (PDN) in order to have an acceptable
noise margin and speed. Multi-input exclusive-OR gates
that are required in applications such as parity-check
and error-correction circuits or some built-in  testing
circuits and barrel-shifters [1] are types of applications
that may include wide fan-in gates.

For realizing wide fan-in NOR gates, it is better
to use the pseudo -NMOS logic -circuit family in which

Author: Dept. of Electrical Engineering, Fac. of Engineering, Port Said,
Port Said Univ., Egypt. e-mail: smsharroush@gmail.com

the long chain of the PMOS transistors is substituted by
an always-activated PMOS transistor. In this paper, the
pseudo-PMOS logic-circuit family is adopted in a similar
manner in realizing wide fan-in NAND gates in which the
long chain of the NMQOS transistors is substituted by an
always-activated NMOS transistor. The performance of
this family is investigated and compared with the
conventional CMOS logic. The remainder of this paper is
organized as follows: A survey of the previous work
related to the problem at hand is presented in Section II.
The pseudo-PMOS logic is presented qualitatively in
Section . The circuit design issues and the comparison
of this family with the conventional static CMOS
realization are presented quantitatively in Section IV. The
effects of the technology scaling and the process
variations on this family are discussed in Sections V and
VI, respectively. The enhancement in performance is
verified by simulation in Section VII. Finally, the paper is
concluded in Section VIII.

Fig. 1. An n-input NAND gate using the static
complementary CMOS logic circuit family with the
internal capacitances indicated.

© 2017 Global Journals Inc. (US)
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II. Previous WoORK

In this section, a review on some of the previous
techniques for enhancing the performance of wide fan-in
gates is presented. M. M. Khellah et al. [2] proposed a
technique to lower both the dynamic-switching power
consumption and the time delay of wide fan-in dynamic
gates. This technique depends on generating a low
swing signal at the output node by charging and
discharging a small dummy capacitor. By virtue of the
principle of charge sharing, a small swing is created on
the gate output; finally, this swing is amplified to full rail
using a suitable sense amplifier. Several techniques for
reducing the power consumption of wide fan-in gates
can be found in [3, 4, and 5]. Lowering the power
consumption by reordering schemes is usually
associated with a delay penalty as reordering is usually
associated with a movement of the inputs that arrive
lately farther away from the gate output.

A novel conditional isolation technique for
reducing the evaluation time of wide fan-in domino
gates was proposed by W. H. Chiu et al. [6]. This
technique also reduces both the subthreshold and the
gate-oxide leakage currents simultaneously. According
to [6], reductions on total static power by 36%, dynamic
power by 49.14%, and delay time by 60.27% compared
to the conventional domino gate can be achieved. H.
Mostafa et al. proposed adopting novel negative-
capacitance circuits in order to reduce the delay
variability under process variations [7]. According to this
technique, the timing yield was improved from 50% to
100% for a 64-input wide dynamic OR gate at the
expense of an excess power overhead.

In [8], K. Mohanram et al. proposed the
reordering of the inputs exploiting the symmetry of the
circuit with respect to their inputs in order to minimize
the switching activity and hence the power
consumption. An average reduction of 16% was
achieved in power consumption using this scheme. This
technique allows for a tradeoff between the complexity
of the computation and the quality of the final output.
Also, in order to reduce the glitching-power
consumption, an extra dimension is added to the
complexity of the problem (specifically, the pipelining) in

order to obtain the inputs of the circuit at nearly the
same instant. A. A George et al. achieved a better noise
immunity and a reduced leakage current without any
degradation in speed for wide fan-in domino gates by
comparing the worst-case leakage current of the pull-up
network (PUN) with a mirrored version of this current [9].

F. Moradi et al. proposed a technique that acts
to enhance the performance of wide fan-in domino
gates by employing a footer transistor that is initially off
in the evaluation phase, thus reducing leakage [10].
Also, his proposed scheme reduces the contention
between the keeper transistor and the PDN during the
evaluation phase. K. Rajasri et al proposed a 256-bit
comparator by adopting a novel technique called
current-comparison domino circuit, thus reducing both
the time delay and the leakage-power consumption
[11]. Anamika et al. adopted the stacking effect to
reduce the leakage-power consumption for wide fan-in
circuits [12].

Finally, the reader is referred to [13 and 14] for
techniques that depend on novel circuits having the
same output as the conventional wide fan-in circuit but
with improved performance. In the next section, the
pseudo-PMOS logic is presented.

[1I.  TuEe Pseupo-PMOS Locic-CircuiT
Famiry

The idea of the pseudo-PMOS logic is simply as
follows: It is well known from DeMorgan’s law that

AA A =A+A +..+A (1)

That is, logic “0” is obtained at the output of a
circuit if all the inputs are at logic “1” and logic “1” is
obtained at the output if any of the inputs is at logic “0.”
This can be implemented as well known by the series
connection of NMOS transistors in the PDN and the
parallel connection of PMOS transistors in the PUN.
However, the right-hand side of Eg. (1) can be
implemented simply using a parallel connection of
PMOS transistors in the PUN. Now, refer to Fig. 2 for
illustration of the pseudo-PMOS logic with n inputs.

out

Fig. 2: The pseudo-PMOS logic for realizing wide fan-in NAND gates.

© 2017 Global Journals Inc. (US)
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Fig. 3: The pseudo-PMQOS logic with the use of two
cascaded inverters.

If at least one of the inputs is deactivated, then
the corresponding PMOS transistor will conduct. Due to
the continuous conduction of the NMOS transistor, M,,
there is a voltage division between these two devices.
The equivalent resistance of M, can be adjusted by
properly choosing the biasing voltage, Vg, or adjusting
its strength through the aspect ratio, (W/L),, or the
threshold voltage, V.

Now, if all the inputs are activated, all the PMOS
devices will be deactivated. Thus, the parasitic
capacitance at the output node is discharged with no
contention from the PMOS parallel network and the
output is at logic “0” as it must be. The main advantage
of the pseudo-PMOS logic is that increasing the number
of the inputs merely increases the parasitic capacitance
at the output node, thus not affecting the performance
of this family significantly. On the other hand, increasing
the number of the inputs in the CMOS logic has a
significantly deleterious effect on its performance; a
point that was discussed in the preceding section and is
returned to in Section IV.

Instead of the application of a different biasing
voltage, V5, a voltage equal to the adopted power
supply, Vyp, can be applied with either increasing the
threshold voltage of M, or lowering its aspect ratio to
obtain a larger equivalent resistance at the lower arm of
the voltage divider. Lowering the aspect ratio can be
implemented by connecting multi transistors in series as
the aspect ratio of the transistor equivalent to n serially
connected transistors each with aspect ratio (W/L) is
(W/nL) [15]. This is done in order to avoid the need to
generate a separate voltage. An important note that is
worth mentioning here is the proper choice of the
threshold voltage of M,, V,,. Increasing this voltage,
although certainly slows down the discharging process
of C,, makes the equivalent resistance of M, larger.
Thus, the output voltage resulting from the voltage
division is larger with the result that the output-high level
and consequently the logic swing is larger. Also, the
low-to-high transition is faster. These contradictions are
returned to in Sections IV and VII.

In order to resolve this contradiction, the
scheme of Fig. 3 can be used in which two cascaded
inverters were added. The benefits gained from adding
these two inverters are to obtain a rail-to-tail voltage

swing at the output and to reduce the rise and fall times
of the output waveform. This in turn reduces the short-
circuit power consumption in the driven stages. If the
previously mentioned parameters are properly chosen,
then the voltage at the input of the first inverter, V,, will
be relatively high (larger than the threshold voltage of
the first inverter, V) in case only one input is
deactivated. If more than one input is deactivated, then
more than one PMOS device will be activated with the
result that the equivalent resistance of the upper part of
the voltage divider decreases. The result is that the
voltage at the input of the first inverter becomes larger
than that of the previous case and also the output
voltage becomes at logic “1.” The price paid, however,
is the dc current drawn through the first inverter, the
short-circuit power consumption of the two inverters,
and the additional propagation delays of the two added
inverters. Also, the change of V with respect to the
threshold voltage of the first inverter due to the process
variations affects the reliability of the scheme; a point
that is returned to in Section VI. Throughout this paper,
the scheme of Fig. 3 is adopted unless otherwise
specified. Note also that in order to inhibit the large
power consumption in the standby state due to the
continuous current drawn from Vp,, to ground, the signal,
Vg, must be connected to the standby signal. Thus, the
path from V,, to ground becomes open during the
standby interval.

Two important notes are in order here. The first
one is that the pseudo-PMOS logic family can be used
in realizing any logic circuit with series or parallel
connections in the PUNs or PDNSs. In this case, the PUN
is the same as that of the conventional CMOS logic. The
pseudo-PMOS logic is obviously not suitable for
realizing logic circuits containing serially connected
PMOS transistors in their PUNs as it requires a
significant area overhead. The second note is that the
quantitative analysis of the next section can be applied
equally well to the pseudo-NMQOS logic after substituting
the acronyms associated with the NMOS devices by
those of the PMOS ones and vice versa.

L out out

VDD

Mp

Vo {>¢
MAA.E Ve c

Fig. 4: The circuit schematic representing the worst-case
scenario
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1V. Circuit DESIGN [ssUEs

In this section, the circuit design issues of the
pseudo-PMOS logic are discussed quantitatively from
six aspects. The first one is the proper choice of the
strength of the NMOS transistor, M,, and the threshold
voltage of the first inverter, V., (if used). The second,
third, fourth, and fifth aspects concern the comparisons
between the pseudo-PMOS logic and the conventional
CMOS logic from the points of view of the area, the
average propagation delay, the average power
consumption, and the logic swing. Finally, a figure of
merit that includes these metrics is defined and adopted
in comparing the performance of the pseudo-PMOS
logic and conventional CMOS logic.

a) The Proper Choice of the Strength of the NMOS
Transistor

In determining the proper range for the values
of Vi, WIL),, Vi, and Vg, we adopt the worst-case
scenario. The worst-case scenario is the assumption of
only one deactivated input because it represents the
minimum strength for the PMOS parallel combination
and thus the highest equivalent resistance. If the
pseudo-PMOS logic operates properly under this
condition, it can be ensured to operate properly for all
possible input combinations.

Refer now to Fig. 4 for this scenario. My
operates in the saturation region for typical values of the
adopted NMOS-transistor parameters in the worst case
just described. Since V,;, the final steady-state voltage
across C, (the parasitic capacitance at the input of the
first inverter), is chosen to be larger than V,,, it is
expected to be larger than V,,/2. Thus, for the typical
values of the PMOS-transistor parameters, M, is
expected to operate in the triode region as its V,, (drain
voltage) is larger than its Vg + |V, |, where Vg and V,,
are the gate and threshold voltages of M, respectively.
If the PMOS device is assumed to operate in the deep-
triode region, then after equating the currents of the
NMOS and PMOS devices in which the Shichman-
Hodges square-law MOSFET model is adopted [16], we
obtain

%k‘n(%jn(v Vi (L Vo) = k [—j Voo Mo Voo ~Ver) (@)

where k., (W/L), and V,, are the process-
transconductance parameter, the aspect ratio, and the
threshold voltage of NMOS devices, and k', (W/L),, and
Vi, are their PMOS counterparts. 4, is the channel-
length modulation effect parameter of NMOS devices.
After simple mathematical manipulations, we readily
obtain

A

lktwj(v Vo A +k(—]( Vi) ¥
2 "L oL e e

VCLl
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Alternatively, each of the NMOS and PMOS
devices, M, and M,, can be replaced by its equivalent
resistance. The equivalent resistance, R, of M, in the
deep-triode region is [17]

1 1

T et T )@

However, the equivalent resistance of M,, let it be Ry,
can be written as the ratio between the average drain-to-
source voltage and the average drain current, thus

1
. 5 Ve +0) S Vo, )
11,.(w ,
E{Ek”( i )n(v Vi, P+ AV, )+ o} Ekn(f)n(vs Vi (U A Vors)

The voltage, V. ;, can be found simply from the
voltage division between R,,, and R, as follows:

Vg, = RunVoo (6)
Run + Rue

After substituting by R,y and Rye into Eq. (6),
the expression for V; can be obtained. Now, putting
Ve, larger than V., results in the following inequality
(from which the strength of the NMOS device can be
determined):

L e
Ekn(fjn(vs —an) At kp[ij( oD —’Vmp‘)

Vininer In turn can be evaluated from [17]

>Vitina @)

Vinima =

where (W/L),;, (W/L),;, Vi, @and Vy,, are the aspect ratios
and the threshold voltages of the constituting NMOS and
PMOS transistors of the first inverter, respectively.

Before leaving this subsection, an important
note follows: It is obvious from the qualitative discussion
of the pseudo-PMOS logic that increasing the strength
of the NMQOS device, My, causes the low-to-high and the
high-to-low propagation delays to increase and
decrease, respectively, i.e. to change in opposite
directions. Thus, it can be concluded that there is an
optimum value for the parameters determining this
strength such as the threshold voltage and the aspect
ratio at which the average propagation delay is at its
minimum. This is really the case and this point is
confirmed in Subsection C.



b) The Area Comparison

In comparing the areas of the pseudo-PMOS
logic with the CMOS logic, we adopt the approximation
that the area of a certain transistor is equal to its channel
area [17]. Adopting the convention that the size of the
PMOS transistor is twice that of the NMOS one in order
to compensate for the mobility difference and that each
of the n NMOS transistors in the series connection has
an aspect ratio of n in order to compensate for the
degradation in delay [17], then the areas of the
conventional and the proposed logic-circuit families, A,
and A,, can be approximated by

A =WL(n2 + 2n) )

(10)

A, =(2n+7MWL

10"

©
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Fig. 5: The plots of the approximated areas of the CMOS
logic and the pseudo-PMOS logic versus the number of
the inputs.

The plots of A, and A, versus n for W = L = 45
nm are shown in Fig. 5. It can be concluded from this
rough estimation of the area that the area overhead of
the two-cascaded inverters is justified when the number
of the inputs exceeds 2. Had we adopted the version of
Fig. 2 for the pseudo-PMOS logic, the area of this family
would have been smaller than that of the CMOS logic for
all values of n.

c) The Average Propagation-Delay Comparison
The average propagation delay according to the
pseudo-PMOS logic is defined as

t _ tPLHp +tPHLp
pavgp 2

(11)

. 111, (W (W
 ypag= 2[2 k"(Lj p(VDD _ Mp‘)z (1+ A Voo )+ kp(Lj

Ivavg is given by

i MN (atVCL = O)+i MN (atVCL = ch)

where tp 4, and tqy, are the low-to-high and the high-to-
low propagation delays according to the pseudo-PMOS
logic, respectively. To determine tp,,,, refer to the circuit
shown in Fig. 4. This circuit represents the worst case
from the point of view of the delay also as the charging
current of C, is the smallest one and thus the estimated
value of t, is the largest one. The time delay, tp,
contains there subcomponents, tp 1,1, takpe, AN tpyps,
respectively. These are the time delays required to
precharge C, to a certain steady-state value that
depends on the relative strengths of the activated PMOS
device and the always activated NMOS device, the high-
to-low propagation delay of the first inverter, and the
low-to-high propagation delay of the second inverter,

respectively. The first subcomponent can be
approximated by [17]
C AV
tPLHp1: . (12)
Ichavg

where 4V, is the voltage change of Vi, and i, is the
average charging current of C,. To determine C,, we
adopt the assumption that the aspect ratio of the PMOS
device is twice that of the NMOS one in order to
compensate for the difference in their mobilities and
assume that the parasitic capacitance associated with
each terminal of the minimum-sized NMOS transistor is
C [18], then C, can be approximated as

C = 3+2n+(%) C (13)

n

where (W/L), is the aspect ratio of M. 4V, is equal to
0.5V, (adopting the 50% criterion) and iy, can be
found from

Ichavg:I MPavg_I MNavg - (14)
WhEre iypa,q and iy, are the average currents of M, and
M,, respectively. The last two currents can be found as

follows:

e (atVCL = O) H e (atVCL ~ VCLl)

I MPavg = 2

(15)

(16)

(VDD B ’Vthp‘XVDD _VCLl)_E(VDD ‘ch)2
2

p

(17)

I MNavg =

2
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) 1 . (W ) Substituting by these two currents into Egs. (12)
- MNavg — an(T] (VB _Vthn) (1+ ﬂ“nVCLl)' (18) and (14) results in
n
w
[3+ 2n+[T] }c(o.svcu)
tpLHpL = . (19)
. 2 . .
% %M{%} p[VDD ‘|Vthp|) (1M“DVDD )+kp[¥] p[(VDD -|Vthp|](VDD —VCLl)—%(VDD -ch)zﬂikn[mn(vs ~Vipn )2+ 2nVert)
The other two subcomponents are given by . 1. (W 2
S disavg — an T (VB _Vthn) (1+ ﬂ“nVCLl) (26)
LGy "
P2 g (20) S0, tpy, is given by
where C_, V. and i, are the parasitic capacitance 2C Vel 27)

at the output of the first inverter, the voltage at the output
of the first inverter, and the average discharging current

of C(ﬂ respectively. Keeping in mind that the logic “1”
feeding the first inverter is V., ,, then

. 1, (W
iavg=—kn [TJ (Vers - Vi 2@+ 2nvpp )
nl

2 (21)

Cﬁ and Vﬁ are equal to 6C and Vpp, respectively. So,

6CV,,

PLHp2 — 1 (W
Z kn [Tj (VCLl _\/thn )2 (1+ ﬂnVDD )

t (22)

terips is given by [17]

Mhp‘ +1|n[3/DD_4{Vthp]‘| (23)

2C

t — out

PLHp3 kp(%} (VDD _th)[voo — Mhp‘ 2 Vy
p

C..: is the parasitic capacitance at the output of
the second inverter and is given by 3C + C,,, where C,,
is the parasitic capacitance due to the fan-out.

Now, tpy, contains three subcomponents also;
torip trripe: @Nd oy 03 WHich are the time delays required
to discharge C, from V., to 0 V, the low-to-high
propagation delay of the first inverter, and the high-to-

low propagation delay of the second inverter,
respectively. tpy,,, can be found from
C. AV
lopipy == (24)
Idisavg

where iy, is the average discharging current through
M, and is given by

_ i MN (atVCL :VCL1)+i MN (atVCL = O)

disavg

(29)
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tPHLpL=—
kn (%J (V& —Vin P+ VL)
n

toripe @Nd tay 3 Were estimimted in [17] and were found
to be respectively.

tonipe = s [ ’Vlhp‘ +1|n{3vDD_4'VmpH (28)
62 oo LYoo Ml 271 Voo
p

and

2C V, 1, 3V, -4V,
t — out thn += | n DD thn
PHLP3 . (W |:VDD v, 2 [ Vg H (29)

Tj (VDD _\/lhn)

As discussed in Subsection A and illustrated in
Figs. 6 and 7, there is an optimum value for the aspect
ratio and the threshold voltage of M, at which t,,,,, is at
its minimum. Figs. 6 and 7 show the plots of the average
propagation delay of the pseudo-PMOS logic versus the
aspect ratio and the threshold voltage of M,,
respectively, according to the scheme of Fig. 3 with V,,,
=025V, Vy, =-032V, Vp, =08V, and C = 11F. As
shown in these two figures, the optimum average
propagation delay occurs at (W/L), and V,,, equal to 5.2
and 0.58 V, respectively.
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Fig. 6: The plot of the average propagation delay of the
pseudo-PMOS logic versus the aspect ratio of M,,
(WIL),..
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Now, refer to Fig. 8 for the plots of the average
propagation delay versus the number of the inputs
according to the analysis and the simulation results
adopting the scheme of Fig. 2 and estimating the time
delays up to the 50% point.
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Fig. 8: The average propagation delay versus the
number of the inputs according to the analysis and the
simulation results.

Now, the average propagation delay according
to the CMOS logic, t,,,4., can also be defined in a similar
way as the average of the low-to-high and the high-to-
low propagation delays, ty, and tyy,., respectively, as
follows:

t — tPLHc + tPHLc 30)
pavgc 2

Toward a simplified evaluation for these two
time delays, each NMOS and PMOS transistor in the
CMOS-logic circuit is represented by an equivalent
resistance, R, and R;, respectively. In [19], approximate
expressions for the equivalent resistances of the NMOS
and PMOS transistors are:

A

(31)

and

_ 9%
- (32)
1),

respectively, where a, and o, are process-dependent
parameters for the NMOS and PMOS devices,
respectively. Simulation results reveal that the best
estimates for a, and «, are 2.5(k and 18 kQ,
respectively, for the 45 nm CMOS technology. We adopt
the worst case in estimating the low-to-high propagation
delay in that only one input is assumed to be at logic “0”
and corresponds to the lowermost NMOS transistor so
that all the internal capacitances will be charged.
Applying Elmore’s delay formula [20 and 21] to the
conventional CMOS circuit shown in Fig. 1 results in the
following estimations for tp,,, and tpy¢:

oo = (IN2[RC + (R + Ry IC, + (R + 2R I+t (R + (N-1IR, )C, ]

(33)

and
toue = (IN2)NR,C, + (n-1R,C, +(N-2)R,C; +....+ R,C, ]
(34)

According to the estimation of the parasitic
capacitances adopted in this paper, we have: C;, = Cy,
+ 3nC,C, = C; = .... = C, = 2nC. After substituting for
the values of these capacitances into Egs. (33) and (34),
we obtain

toe = (IN2[R.Cpp + N(2N+1)R.C + n2(N—1)R C| (39)
and
ton. = (IN2)R, [nC +n?(n+ 2)C] (36)

d) The Average Power-Consumption Comparison

The average power consumption is the average
of the power consumptions in cases of low-to-high and
high-to-low transitions. The power consumption of the
pseudo-PMOS logic contains the static and the dynamic
power components. The static-power consumption is
that associated with the first inverter due to the
activation of its two devices in case of low-to-high
transition and due to the current drawn through the
activated PMOS devices and the always activated
NMOS device, M,, in case of low-to-high transition also.
The input voltage of the first inverter certainly depends
on the number of the activated inputs. So, we, in order
to simplify the dc-power estimation, assume that the
first-inverter’'s input is at V,p/2 and that this inverter is
matched so that its output will also be at Vyp/2. The
estimated dc-power consumption according to this
evaluation is certainly overestimated as the dc current of
the first inverter is at its maximum when the inverter’s
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input is at Vpp/2 [17]. Thus, the range of the number of
the inputs over which the pseudo-PMOS logic is better
than the CMOS logic is expected to be larger than that
estimated. In case of low-to-high transition, the dc
current of the first inverter is (where LH indicates low-to-
high transition)

1, (WY (V. 2 v,
I DCLH:Ekn(fjn[%_ :hnj [l"' ﬂ'n %}

The dc-power consumption of the first inverter
in the low-to-high transition is thus

Voo (W) (V, : V,
PDCLH 1= % kn (Lj (;D _Vthnj (1+ ﬂ‘n ;Dj

The average dc power consumption is thus

(37)

(38)

Pocn+P Voo (WY |V, 2 V,
PDC:M:ﬂkn(ij |:( 22 7Vthnj [1+ n ;D)+(VB 7Vthn)2(1+ anCLl):|

2 4 L 2

The average  dynamic-switching  power
consumption is the average of that associated in cases
of low-to-high and high-to-low transitions. In case of
worst-case low-to-high transition, all except one of the
inputs are activated, thus the dynamic-switching power
consumption associated with the charging of the
parasitic capacitances at the input of the first inverter,
the output of the second inverter, and the gate terminals
can be written as

Pap= Vo Coy + VooV .C + eV [2(n-1)[C (43)

out
where a is the switching activity and 7 is the frequency of
operation. The corresponding value in case of high-to-
low transition is

P ip= afVDZDCO—ut +ofVgp (ZH)C (44)

Thus, the average dynamic-switching power
consumption associated with the parasitic capacitances
at the previously mentioned nodes is

_ I:)dLHp_i_ PdHLp
davgp 2

P (45)

Note that all these capacitances have the same
switching activites and the same frequencies of
operation. The second type of the dynamic-power
consumption is the short-circuit power consumption
associated with the two inverters, P, and Py,
Assuming that the two inverters are matched, then the
average short-circuit power consumption is [21]

PaLHc = afV2p[2c(n 1)+ ncn - 1]+ afvZplcr + Co + v Cp] | = othI%D [Cfan +3nC +C(n—1)3n+ 2)]

During the high-to-low transition, all the inputs
are activated and thus the associated power
consumption is
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Similarly, the dc-power consumption through
M, can be written as

Pocina= V% K, [Vli/j (VB ~Vim )2 (1"" lnvcu) (39)

In the other case (high-to-low transition), all the
inputs are activated with the result that all the PMOS
devices in the parallel connection become equivalent to
an open circuit. So, there is no dc power consumption in
this transition (HL indicates high-to-low transition),

Ipcu =0 (40)
Poc =0 (41)
(42)
akr'1 (Vli/j o f (VDD A )3
P n (46)

scavgl= 12

where 7, is the rise or fall time of the voltage that feeds
the first inverter and is equal to twice the average of the
low-to-high and the high-to-low propagation delays at
the input of the first inverter. Py, can be written as

(W
ak“(Lj 7, f (VDD A )3
P — n

scavg2™ 12 (47)

where 1, is the rise or fall time of the voltage that feeds
the second inverter and is equal to twice the average of
the low-to-high and the high-to-low propagation delays
at the input of the second inverter. Certainly, the short-
circuit power consumption is zero in case V,, is smaller
than Vi, + |Vi,| as there is no time interval during
which both the NMOS and PMOS devices conduct
simultaneously [21].

The average  dynamic-switching  power
consumption of the CMOS logic is also taken as the
average of that in cases of low-to-high and high-to-low
transitions. Adopting the worst case in case of low-to-
high transition (illustrated in Subsection C), the power
required to charge the internal capacitances at the gate
terminals as well as at the internal nodes is

PiHLC = afVSD(nZC + 2nC)



e) The Logic Swing

The logic swing, LS, at the output node is
simply equal to the difference between the output high
and low levels. Since C, is discharged to 0 V with no
contention from the PMOS device, LS is equal to Vg ;.
Refer to Fig. 9 for the plots of LS versus V,,, according to
the analysis and the simulation results (of Fig. 2).
Certainly, the logic swing of the CMOS logic is V.
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Fig. 9: The change of the logic swing with the threshold

voltage of M,, V,,,, according to the analysis and the

simulation results.

) The Figure of Merit

In order to evaluate the performance of the
pseudo-PMOS logic compared to the CMOS logic, we
define a figure of merit, FOM, that includes the four
previously estimated metrics; the area, the average
propagation delay, the average power consumption,
and the logic swing. Since these four metrics are
preferred to be at their minimum except the logic swing
which is preferred to be at its maximum, the FOM is
defined as follows according to the conventional and
proposed logic-circuit families:

FOM = _ LS (50)
A\:tavgc Pavgc
and
LS
FOM = ——— (51)
Aptavgp PanP

respectively. Thus, the larger the FOM, the better the
performance will be. Refer to Figs. 10, 11, and 12 for the
plots of the figures of merit of the CMOS logic and the
pseudo-PMOS logic according to the version of Fig. 2
versus n, f, and Vpp, respectively. The parameters
adopted with these plots are n = 8, C,, = 10 fF, and f =
10 MHz. As shown, the performance of the pseudo-
PMOS logic is better than that of the CMOS logic when
n exceeds 8. This can be attributed to the degradation
of the performance of the CMOS logic when n exceeds
this value due to the limitations discussed in Section I.
However, the matter is not that bad with the pseudo-
PMOS logic as mentioned in Section Il in which the
degradation is merely due to the increased number of
the PMOS transistors and the associated parasitic

effects at the output node. The same can be said about
Fig. 11 in which the performance of the conventional
CMOS logic degrades faster than that of the pseudo-
PMOS logic with increasing f. This is certainly due to the
need to deal with numerous parasitic capacitances in
the conventional CMOS-logic realization. According to
Fig. 11, the pseudo-PMOS logic is better than the
conventional CMOS when f exceeds 15 MHz. According
to Fig. 12, it is apparent that the pseudo-PMOS logic
exhibits an optimum behavior versus V,, due to the
obvious conflictions associated with changing Vp, with
the optimum performance occurring at Vp, = 0.7685 V.
Specifically, increasing V,, enhances the logic swing
and the propagation delay; however, at the expense of
worsening the power consumption. In a nutshell, the
pseudo-PMOS logic has a smaller area and average
propagation delay but larger power consumption and
slightly smaller noise margin compared with the CMOS
logic.
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Fig. 10: The plots of FOM, and FOM,, versus the number
of the inputs, n.
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V.  ErrecT OF TECHNOLOGY SCALING

In this section, the effect of technology scaling
on the pseudo-PMOS logic is investigated. The following
effects are investigated: velocity saturation, mobility
degradation, reduction of the Vp,/V,,, ratio, increased
process variations, and channel-length modulation.

a) Velocity Saturation and Mobility Degradation

These two effects act to reduce the current of
the MOS transistor for the same applied voltages. Thus,
the time required to develop a certain voltage at the first-
inverter input or at the output of the circuit increases.
However, this effect is common in both the CMOS logic
and the pseudo-PMOS logic. It must be noted that the
mobility-degradation effect is more pronounced in
NMOS transistors compared to PMOS ones. Thus, the
sizing of the PMOS transistors is expected to decrease
with technology scaling. Since most of the area of the
pseudo-PMOS logic is due to the PMOS network, the
area advantage becomes more pronounced.

b) Reduction of the Vpp/V,,, Ratio

Due to the performance degradation with
reducing Vpp, V4, a@lso reduces with technology scaling
but at a smaller rate, thus the ratio, Vjp/Vy.,, is expected
to decrease with technology scaling. This has the effect
of reducing the short-circuit power consumption which
enhances the performance of the pseudo-PMOS logic.

c) Increased Process Variations

The effect of the process variations increases
with technology scaling. This has the effect of narrowing
the range within which the threshold voltage of the first
inverter lies for the proper operation of the pseudo-
PMOS logic. This seems to be the most important
degradation associated with the pseudo-PMOS logic as
it reduces its reliability if the version of Fig. 3 were used.
This effect, however, has no counterpart in the CMOS
logic.

d) The Channel-Length Modulation Effect
The Early voltage modeling the dependence of
the drain current on the drain-to-source voltage is

© 2017 Global Journals Inc. (US)

proportional to the channel length [17]. So, it decreases
with technology scaling with the result that the drain
current increases. This effect is more pronounced in the
CMOS logic due to the division of the voltage across the
stacked devices which has no counterpart in the
pseudo-PMOS logic. Also, the slope of the voltage-
transfer characteristics of the inverters in the transition
region decreases. So, for a certain difference that is
developed at the inverter input, there is a smaller value
for the logic swing at the inverter output. This indicates
that a smaller propagation delay is associated with the
two cascaded inverters.

VI.  ErrecT OF PROCESS VARIATIONS

In this section, the effect of the process
variations on the reliability of the pseudo-PMOS logic is
investigated quantitatively. Specifically, the variations of
the aspect ratio and the threshold voltage of the NMOS
and PMOS devices composing the voltage divider are
taken into account with their effects on the first inverter’s
input voltage quantified. The equation describing the
voltage at the input of the first inverter was derived in
Section IV and is repeated here for convenience as
follows:

L e
%kn(wj VARV +k[ ](\/DD Vi)

VCLl (52)

Let the variation in the aspect ratio of the NMOS
device be 4(W/L),, then after substituting (W/L), by (W/L),
+ A(W/L), into Eq. (52), neglecting the terms containing

(4(W/L),)?, using the approximation
1
——~]l-Xforx << 1 (53)
1+x

and performing some algebraic manipulations,
we get the percentage variation of the voltage, V,;, due
to the change of (W/L), (let it be 4V, ,,/V ;) as shown in
Eq. (54).

The percentage variations of V,, due to each of
Vi, AWIL),, and 4V,,, can be evaluated in a similar
manner and shown to be (let them be 4Vq o/Vey s,
MWV 15V, and AV 1,/Ve,, respectively) as shown in
Egs. (65), (56) and (57).

Refer to Figs. 13, 14, 15, and 16 for the plots of
the percentage variations of V,; due to that in (W/L),,

Virn (W/L),, and V,,,, respectively. It is obvious that the

variation in the threshold voltage of M, and M, has the
largest effect on V. If these variations cannot be
tolerated, the two inverters must be dispensed and the
scheme of Fig. 2 can instead be adopted.



0.014

0.012

o
Q
=2

5

=

g

s

The percentage variation of the
voltage at theinput of thefirst inverter.
o
8
S

=

002 004 006 008 01 012 014 016 018 02

Thanerrentanavariatinn nf the acnact ratin nf tha NM NS daviree

Fig. 13: The percentage variation of the voltage, V;,
versus that of the aspect ratio of M.

o
8

o
5

o
8

o
S

o
:

o
3

o
S

The percentage variation of the
voltage at theinput of thefirst inverter.

o
Q
=2

=

002 004 006 008 01 012 014 016 018 02
The percentage variation of thethreshold voltage of the NM OS devices.

Fig. 14: The percentage variation of the voltage, V.,
versus that of the threshold voltage of M.

s 5 ~Veo -3k Ve 2,
A\\//T__A(%j” k;(%]p(\/m—Mp\)/no—%k‘n(%)n(va vmn)zilk‘n("f")n(v,s i/mn)ﬂ,n+k[ ]p(VDD Mp\)_ o4
Moo k'n(%] (Vg Vi) ) k,;(vf"jn(vs RV ] -
B [ L VR L (L [ RS b L o T

Ky Voo -W

_ k;J(\/DD _’\/thp) (56)

Mo _ (W
Var A[LJ,} kp(]p( - mp‘)/DD 2 n( J(V -V, } %k;‘(vajn(vB—an)/i +k[ J@DD ’Vmp)

(W (W
-k | — |V, k| —
AVCL14:‘AVh‘ p(l‘jp > i p(Ljp
V, ™l (W 1 1. (W (W
o kp(Lj (\/DD - ’\/thp ‘)‘/DD 2 kn( L j (V Vthn) E kn [L) (VB _\/thn )2 ﬂ“n + kp(Lj (\/DD ‘ thp ‘)
L p n P
0,016
o) / 0.25
25004 v
5= 0012 22 o
z E_J 0.01 E 4 —
"o 82015
% 5 0008 g5 L
72 o
‘5 £ 0006 55 01
Ei 0004 §§ . —
£ E’o.om Pt -2 ]
s} >
S 0

0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 02
The per centage variation of the aspect ratio of the PMOS devices.

Fig. 15: The percentage variation of the voltage, V¢,
versus that of the aspect ratio of M.

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
The percentage variation of thethreshold voltage of the PM OS devices.

Fig. 16: The percentage variation of the voltage, V.,
versus that of the threshold voltage of M5.

© 2017 Global Journals Inc. (US)

Global Journal of Researches in Engineering (F) Volume XVII Issue VII Version I H Year 2017



(F) Volume XVII Issue VII Version I E Year 2017

S

gineering

S

Global Journal of Researches in En

VII.  SIMULATION RESULTS

In this section, the pseudo-PMQOS logic (Fig. 2)
is verified by simulation adopting the 45 nm CMOS
technology with Vpp, = 0.8 V [22]. Assume minimum-
sized devices and a frequency of operation equal to 500
MHz. As a compromise between the enhancement of
the logic swing and the degradation in the high-to-low
propagation delay with increasing V,,,, My is chosen with
a threshold voltage equal to 0.7 V and biased by V; =
Vpop. In evaluating the low-to-high or the high-to-low
propagation delays, the 50% criterion is adopted. The
worst-case scenarios are also adopted.

Refer to Figs. 17, 18, and 19 for the low-to-high,
the high-to-low, and the average propagation delays,
respectively, versus the number of the inputs, n, for the
conventional and pseudo-PMOS logic families. The low-
to-high propagation delay according to the pseudo-
PMOS logic is found to be smaller than that of the
conventional one for all values of n. The superiority in
performance of the pseudo-PMOS logic during the low-
to-high transition is attributed to the need to charge all
the internal capacitances of the pull-down network in the
conventional CMOS stack. Although the contention
current of My slows down the charging of C, in the
pseudo-PMOS logic, it does not affect the performance
considerably.

On the other hand, the high-to-low transition of
the pseudo-PMOS logic is faster than that of the
conventional CMOS logic when n exceeds 4. The
average propagation delay of the pseudo-PMOS logic is
smaller than that of the conventional CMOS logic when
n exceeds 3. Finally, note that the degradation in the
logic swing compared to the conventional CMOS logic
is approximately 63 mV, i.e. only 7.8%, in the worst case.
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Fig. 17: The plots of the low-to-high propagation delays

according to the conventional CMOS logic and the
pseudo-PMOS logic versus the number of the inputs.
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The average power consumption, the average
power-delay products (PDPs), and the average energy-
delay products (EDPs) are plotted versus n in Figs. 20,
21, and 22, respectively, for the conventional and
proposed logic families. The average power
consumption of the CMOS logic rises with n at a faster
rate compared to that of the pseudo-PMOS logic due to
the need to charge the internal capacitances of the
CMQOS logic circuit. The PDP and the EDP, however, of
the pseudo-PMOS logic are smaller than their
counterparts of the CMOS logic when n exceeds 6 and
5, respectively.

VIII.  CONCLUSIONS

The pseudo-PMOS logic family was adopted for
realizing wide fan-in CMOS circuits containing long
stacks of NMOS transistors. The area, propagation
delay, power consumption, power-delay and energy-
delay products of this family were compared with those
of the conventional CMOS logic. The pseudo-PMOS
logic showed superior performance from the points of
view of the average propagation delay, power-delay
product, and energy-delay product when the number of
the inputs exceeds 3, 6, and 5, respectively. In fact, the
pseudo-PMOS logic had a smaller area and average

propagation delay but larger average power
consumption and slightly smaller noise margin (by
about 7.8% in the worst case compared to the
conventional CMOS logic). According to the estimation
performed in this paper using a proper figure of merit,
the pseudo-PMOS logic is better than the CMOS logic
when the number of the inputs exceeds 8.
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Short Term Load Forecasting of a Region of
India using Generalized Regression Neural
Network

Ram Dayal Rathor * & Dr.

Annapurna Bharagava °

Abstract- In this paper the Generalized Regression Neural
Network is used for short term load forecasting (STLF) of
Rajasthan region, India. It is a power ful technique to schedule
plant maintenance, power system control and load flow.
Rajasthan state has rich cultural and geographical diversities.
It is the biggest state of India and its land area is 342,239 kmz2.
The actual data of load and temperature have been collected
from Load Dispatch Center, Rajasthan and Meteorological
Center Jaipur, Rajasthan, for the duration from January 2008
to December 2008. Load is forecasted with help of Artificial
Neural Network and Generalized Regression Neural Network
(GRNN) based models for summer, monsoon and winter
seasons. Last 24 hours load, maximum and minimum
temperature, season code, day type and effect of social
celebrations are used as input of the networks. Results have
been obtained for different patterns of load. Results show that
both models have good performance and reasonable
prediction accuracy. Their comparison demonstrates that
GRNN model is much faster, more reliable and accurate for
effective STLF of Rajasthan region, India.

Keywords: short term load forecasting, ANN, GRNN,
MAE, MAPE.

. [NTRODUCTION

— lectrical load forecasting is important for the
=== power industries in the deregulated economy.
— Operative forecasting is essential for generation
control and power dispatch [1]. Operational decisions in
power systems, such as unit commitment, economic
dispatch, automatic generation control, security
assessment, maintenance planning, and energy trading
depend on the forthcoming trends of loads [2]. Accurate
short term forecasting results in better economic and
trouble free operations. The improved efficiency and
accurate load scheduling, decreases power system
reserves [3]. Short-term load forecasting plays an
important role in reliability of power grid, prevent
overloading and reduce the occurrence of blackouts [4].
Load forecasting have many applications such as
energy trading, power generation, load flow and
infrastructure development [5]. It plays an important role
to take decisions relating to electrical network. STLF is
required for power system control, unit commitment,
security  assessment, planning  spinning reserve,

Author a o: Rajasthan Technical University, Kota.
e-mails: rdrathorgpck@gmail.com, abrtu2006@gmail.com

energy exchange, inputs to load flow studies and
contingency analysis resulting in predictive assessment
of the security of the power system in which effect of
loss of each generator on each transmission circuit is
evaluated. The accuracy and reliability of load forecast
have considerable effect on economics of power system
operation [6, 7, 8]. Load forecasting can be categorize
in very short term forecasting, short term forecasting,
medium forecasting and long term forecasting [9].
Economic load dispatching requires the minute to
minute load allocation to the generating units, to meet
the varying demand at minimum cost and appropriate
degree of system security. It is essential to minimize the
cost function, subjected to a large number of operating
units, plant characteristics and transmission system
limits. There are a number of factors which effects STLF
such as temperature variations, climatic conditions,
social celebrations, agricultural load demand and tariff
structure. Load forecasting remains a difficult task
because the system loads generally display periodicity
and seasonality at multiple time scales and beside this
there are many outside variables, such as weather
conditions. Therefore it is concluded that there is not a
single forecasting model which can give accurate
results for all power systems [10].

Out of many of STLF techniques, in recent
years, ANN based techniques are being used due to
their good characteristics for high-speed computation,
potential methodology for modeling hourly and daily
energy consumption, their ability to perform better
during rapidly changing weather conditions and the
short time requirement for their development. ANN
based methods uses a functional relationship between
load and affecting factors, and estimate the functional
coefficients by using historical data [11]. Neural network
based models have mainly the drawback of using
simple neuron having summation and sigmoid as
transfer functions. These requires large numbers of
neurons and hidden layers for complex function
approximations and takes large training time and have
problem of convergence. Use of the sigmoidal transfer
function and ordinary summation or product as
aggregation functions in the simple ANN based models
fail to cope with the nonlinearities involved in real life
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problems [12, 13].In this research the Generalized
Regression Neural Network (GRNN) based model is
used for short term load forecasting of Rajasthan state
in India. GRNN is related to radial basis function of
network and is based on standard statistical technique
called Karnel regression. It is a powerful method to solve
problems like forecasting, control, plant operation and
fault identification and it does not provide negative
estimation and approximates the training data with less
error [14-16]. Rajasthan region has large variations in
climatic, social and geographical conditions. A big part
of region is desert which has very low rainfall in
comparison of south east part of province. Most of the
load is agricultural and domestic and therefore load
profile is dependent on temperature variations, rain fall,
social celebrations, type of crop and crop cycle.

INPUT WEIGHT

w;

INPUTS

X;

II. BASIC STRUCTURE OF ARTIFICIAL NEURAL
NETWORK BASED MODEL

The neural network derives its computing power
through its massively distributed structure and has
ability to learn and therefore generalization. The flexibility
of the generalized neuron can be improved by using
more number of activation functions like Sigmoid,
Gaussian and straight line. This reduces the size of
network. The working of ANN model is explained with
the help of Fig. 1
The output of ANN,

output=F (Wi ¥i +p)

OUTPUT

z

BIAS

Fig. 1: Block diagram of ANN

In Fig.1,fis the transfer function
function) and b is thresh hold value(bias).

(activation

I1I.  GENERALIZED REGRESSION NEURAL
NETWORK BASED MODEL

The working of GRNN model is shown in Fig. 2.

LAYER Wgienr LW, 4

NORMAL
PRODUCT

OUTPUT

Fig. 2: Block diagram of GRNN

INPUT WEIGHT
INPUTS l
DOT
X[ 1= Twygll PRODUCT
Bias b1
In Fig.2

LW,,, = Weight of signal between layer 1 and 2.
O1 = Output of the first layer
Output= Output of GRNN,

© 2017 Global Journals Inc. (US)



V. DESIGN OF [IMPLEMENTATION

a) Data Collection

The real data are collected from January 2008
to December 2008. For ensuring selection of most
relevant data and assurance of error free data used for
forecasting of electrical load of Rajasthan state,
electrical load data and meteorological data are
collected from concerned government agencies
Rajasthan RajyaVidyutPrasaran Nigam Ltd (RRVPNL),
State Load Dispatch Centre (SLDC), Jaipur and India
Meteorological department, MausamBhawan, Jaipur
respectively. These data are provided by these
departments on concession rates applicable to research
students. Two types of data have been collected for
short term load forecasting of Rajasthan state:

o Every fifteen minute interval data of electrical energy
consumption of year 2008

e Maximum and Minimum temperature of the days of
year 2008

The load of all four season’s spring, summer,
monsoon, winter is collected. As Rajasthan is a big state
maximum and minimum temperature of zonal head
quarter Jaipur, Bikaner and Kota are taken as
temperature input.

b) Data Preparation

The use of original data as input to neural
network may cause convergence problem. To improve
(and sometimes ensure) convergence, the data must be
scaled or normalize such that to unify the very different

ranges of the data originally collected. Neural network

training can be made more efficient if certain
preprocessing steps are performed on the network

inputs and targets. Before training, the inputs and
targets are normalized so that they always fall within a
specified range. There is a strong correlation between
the behavior of power consumption and weather
variables. Here temperature (maximum and minimum) of
three stations are considered as weather variables
because other factors have weak effect on electric
power consumption. In this model three types of
variables are used as inputs to the neural network for
training: (a) day indicator i.e. date, month and day code,
(b) weather related inputs i.e. maximum and minimum
temperature of the day, and (c) load of previous 24 hrs.
Total 105 data are given as input to the network,
in which first 3 are used to recognize season and day
code. Next 6 data are maximum and minimum
temperature data and remaining 96 data are loads of
every 15 minute in 24 hour of the day, starting from 0.15
AM  midnight. During training of ANN and GRNN
models, previous day’s data are taken as input and
same day data are taken as target. After training of
models, data of day before forecasting day are taken as
input and data of forecasting day are taken as target.

c) Simulation of ANN Mode/

ANN model has three layers, in which Gaussian,
Log Sigmoid and Straight line are used as activation
functions. Fig. 1 shows the structure of ANN model. This
figure is directly taken from MATLAB during training to
show the training parameters.

- Meural Network Training (nntraintool) —_— =

Meural NMetwork

It

Aldgorithms

Training: RProp (trainrp)

Performance:

PMean Sguared Error with Regularization

" SmEi= Smis A

(msereql

Crerivative: Drefault (defawultderiv)

FProgress

Epoch: Lo ] I 300 iterations E=Taln)
Tirme: (e e nlye

Performance: egs [ easTan 1.00e-05
Gradient: 1ve [T aass 1.00e-05
Validation Checks: o I ] ]

Fig. 3: ANN Model

The parameters of three layer feed forward
neural network for network training are as given below:
Number of layers: 3 (Input, Hidden, Output layer)
Number of neurons in input layer: 15
Number of neurons in hidden layer: 45
Number of neurons in output layer: 1

Activation function of input layer: radbas
Activation function of hidden layer: logsigmoid
Activation function of output layer: purelin
Training algorithm: trainrp

Number of input variables: 105 (96 + 9)
Number of output variable: 105
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e Number of data sets in each Epoch: 100
e Number of Epochs for training: 300

d) Simulation of GRNN Mode/

A generalized regression neural network
(GRNN) is often used for function approximation. As
shown in  architecture, it has a radial basis layer and a
special linear layer. Fig. 2 shows the structure of GRNN
Model. This figure is taken from MATLAB during
simulation.

4 Generalized Regression Neural Network (view)

Layer

Fig. 4: GRNN Model

The parameters of GRNN for day ahead load
forecasting are as given below:

Number of layers: 2 (Input layer, Output layer)
Number of neurons in input layer: 105
Number of neurons in output layer: 1
Activation function of input layer: radbas
Activation function of output layer: purelin
Number of input variables: 105 (96 + 9)
Number of output variable: 105

Spread: 0.009

V. PERFORMANCE MATRICES

The accuracy of the forecasting is measured the
following Performance Matrices

1. Mean Absolute Error (MAE)

M
MAE = =3 |actual (i) — forecast(i)| Where
i—1

C ision of Load F

ling Error by ANN and GRNM (5§ June, 2008 Thursday)
T T

M is the total number of data points, actual (i) is the i"
actual value, and forecast(i) is the i forecast.

2. Mean Absolute Percentage Error (MAPE)

MAPE = 1 XM, |actual (i) — forcast(i)
7;‘ |

M 4 actual (i)

%100 %

The MAE criterion penalizes all errors equally,
whereas MAPE criterion is accepted industry standard
for measuring load forecast quality.

VI. RESULTS AND DISCUSSION

The load profile is dynamic in nature with
temporal, seasonal and annual variations. The load
pattern is divided into four categories: week days,
weekend days, holidays and social celebration days.
Forecasting results of all four seasons of week days
have been shown in graphical form. Actual load,
forecasted load and percentage forecast error for ANN
and GRNN are also shown in tabular form.

Percentage forecasting error is calculated by the relation:

% error = [(Actual load-Forecasted load) /Actual load] * 100

ANN and GRNN models have been tested on
data of Rajasthan region of India.

a) Results of Summer Season

In this category load curve of week day (5 June
2008, Thursday) in summer season is selected for
forecasting. Fig.3. shows load curve of actual load, load
forecasted by ANN and load forecasted by GRNN
against day hours (every 15 minute interval).
Comparison of forecasting error by ANN and GRNN is
also shown in Fig.4.

3 T T T T T T T T T T

: T T T T T I T
erveusrnses Eqvor by ANN
Error by GRNN | _|

L 1 L L L Il 1 L

5 L 1 1 1
0 4 8 12 16 20 24 28 32 36 4 44
Dhary Hours{Every 15 Min lnterval)

L
48

1
52 56 &0 B4 68 T2 76 80 84 88 92 9%

Fig. 5: Comparison of Forecasting Error by ANN and GRNN
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Fig. 6: Comparison of Load Forecasting by ANN and GRNN in summer

b) Results of Monsoon Season actual load, load forecasted by ANN and load

In this category load curve of week day forecasted by GRNN against day hours (every 15 minute
(11 August 2008, Monday) in monsoon season is interval). Comparison of forecasting error by ANN and
selected for forecasting. Fig.5 shows load curve of GRNNis also shown in Fig. 6

Load Forecasting by ANN and GRNN for Week Day (11 August 2008 Monday)
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Fig. 7: Comparison of Load Forecasting by ANN and GRNN in monsoon
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Fig. 8: Comparison of Forecasting Error by ANN and GRNN

¢) Results of Winter Season against day hours (every 15 minute interval).

In this category load curve of week day (16  Comparison of forecasting error by ANN and GRNN is
December 2008, Tuesday) in winter season is selected  also shown in Fig.8.

for forecasting. Fig.7. shows load curve of actual load,
load forecasted by ANN and load forecasted by GRNN
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Fig. 10: Comparison of Forecasting Error by ANN and GRNN

The different performance matrices are o GRNN model has less MAE and MAPE as
summarized in tabular form in table no. compared to ANN model. This represents a high
Table 1: Error Comparison degree of accuracy in the ability of neural networks
to forecast electric load.
Season Model Max. % MAE | MAPE e |t is observed during case study that GRNN is very
Error fast in comparison of ANN. GRNN does not require
ANN 0.0035 213852 | 23.003 the optimization of numbers of neurons and layers
Summer in the network. GRNN based model is easy to
GRNN 0.0021 1.0237 | 8.8046 design and implement.
ANN 0.0073 2.3468 12.137 VIIL. CONCLUSION
Monsoon
GRNN 0.0047 09272 | 10.712 This work is an effort to examine the neural
ANN 0.0009 17770 | 31306 network based models for STLF. ANN based load
Winter forecasting models are very attractive alternative in
GRNN 0.0029 0.7645 | 11.316 energy management systems due to simplicity and

During result evaluation phase following points
were noticed:

¢ Results demonstrate that optimal structure of both
methods ANN and GRNN with minimum forecasting
error achieved. The parameters of models were
finalized after several trials and error efforts to give
the optimum performance.

e In Rajasthan state load is mostly depending upon
agriculture and crop cycle.

© 2017 Global Journals Inc. (US)

accuracy. From the forecasting results it is found that
GRNN based model produces better performance
matrices. GRNN model is faster and easy to design and
implementation in comparison of ANN based model.
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Synthesizing Uniform Sum and Difference
Patterns by Controlling Steer Angle and
using Sub-Arrays

Jafar Ramadhan Mohammed

Abstract- Synthesizing sum and difference patterns are usually
achieved by controlling two separate sets of the amplitude and
phase excitations of the radar antenna elements. In this paper,
an alternative and effective approach is proposed. First, by
equally partitioning the uniform array elements into two sub-
arrays and then by suitably controlling the steered angle of the
beam pattern of each sub-array individually, it is possible to
generate the required sum and difference patterns. Since the
steering angle parameter is the most important in the
proposed method, a general strategy is shown for the
selection process of its value. Unlike the existing techniques,
the feeding network in the proposed approach is much
simpler in practical implementation.

Keywords: monopulse antenna, phased arrays, beam
pattern synthesis, uniform amplitude distribution.

[. [NTRODUCTION

= ffective design, in terms of cost and simplicity of
=== the feeding network, of a monopulse radar
— antenna that able to generate the required sum
and difference patterns is very desirable. In order to get
a feed network as simple as possible, and thus reduce
the costs while still generating both patterns, several
techniques have been proposed. These include sub-
array architectures [1-2], or arrays having common
excitations when reconfiguring the pattern from a sum to
a difference pattern [3-5], or even the exploitation of
using two extra side elements [6-7].More recently,
global optimization techniques such as genetic
algorithm or particle swarm optimization, with capability
of incorporating some constraints in the design process,
have been also used [8-9].

In most of the aforementioned techniques, the
sum and difference patterns are usually synthesized by
using non uniform amplitude distribution se.g., Dolph or
Taylor distributions for sum pattern formation and
Bayliss distribution for difference pattern formation.
Implementation of these distributions require dedicated
attenuators/amplifiers and phase shifters (i.e., a variable
attenuator and a variable phase shifter for each array
element). Accordingly, such implementation requires
fairly complex, and expensive feeding network. In
addition, these aforementioned non uniform amplitude
distribution arrays suffer from directivity saturation for
large number of array elements [10].

Author: College of Electronics Engineering, Ninevah University, Mosul-
41001, Iraq. e-mail: jafarram@yahoo.com

In contrast, the practical implementation of the
uniform amplitude distribution arrays does not actually
require any additional hardware (i.e.,
attenuators/amplifiers and phase shifters) since the
phase shifters are already there for scanning. Thus, the
implementation of such a uniform distribution array
requires a very less expensive feeding network. Besides
the simplicity in the feeding network, the other
advantage of the uniform amplitude distribution arrays is
their capabilities to provide desired directivity. One of
the main drawback of such an array is its high sidelobe
level (-13.4 dB) which is not adequate for radar
applications that requiring low sidelobe levels.

In this paper, a simple and a new technique for
synthesizing sum and difference patterns with uniform
amplitude distribution in the linear arrays is presented. In
particular, by dividing the array elements into two
equally sub-arrays and controlling the steered angles of
these two sub-array patterns individually. Then the
required sum and difference patterns can be generated
by adding or subtracting the steered radiation patterns
of these two sub-arrays. Furthermore, by suitably
choosing the steer angle of each sub-array pattern, it is
also possible to significantly reduce the sidelobe level of
the resulting sum pattern while still maintaining uniform
amplitude distribution in the feeding network. The
sidelobe reduction and the half power beam width
(HPBW) in the resulting sum pattern are directly
proportional to the selecting values of the steered
angles of both sub-arrays.

II. THE METHOD

The structure of the proposed array is shown in
Fig.1. In this structure, the total N=2M elements of the
uniformly excited equally spaced linear array is divided
into two sub-arrays, i.e., left and right subarrays. The
index of each element on the left and right sides are
ranged from —M to -1 and from 1 to M, respectively.

In each sub-array, the M elements array has
uniform amplitude excitations a,, = 1and equally spaced
elements with the peak of the main beam steering at
desired direction.

Assuming the phase center is at the center of
the array and between the two sub-arrays, then the array
factors of both sub-arrays are given by
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Left side sub array

where k is the wave number, d is the element
spacing, f#; and B, are the specified scan angles of the
main beams for the left and right sub-arrays,
respectively, and 6 is the observation angle from the

normal to array axis and varies from-90° to 90° It

should be mentioned that the array factor expressions
which are available in the literature are always real

Plane wave

Elements # N

Phase
Shifters

Sum Pattern

Fig. 1:

Fig.2 shows the radiation patterns of the left and
right sub-arrays computed separately according to the
first and second terms of (1) for used parameters; d =
A2, N=20, B; and B, are equal to—8° and+8°
respectively. It can be seen that the sum pattern can be
easily generated by simply adding these two patterns
according to (1). Moreover, the sidelobe structures of
both patterns are out of phase (anti-phase). This means
that the resulting sum pattern will have some reduction
in its sidelobe level with compare to the main uniform
array where its peak sidelobe value is at -13.4dB.

On the other hand, by just subtracting the
pattern of left side sub-array from that of right side sub-
array the difference pattern can be easily generated
using the same values of 8, and g.. (see Fig.3).

Note that the parameters, §)and B, should be
carefully chosen as they are responsible for the shape
formation of the resulting sum and difference patterns.
This issue is investigated in Section IV.

I1. FEEDING NETWORK

As mentioned earlier, the antenna array under
investigation has uniform amplitude distribution. Thus it
is not requires any attenuators or amplifiers. On the
other hand, the antenna arrays based on electronic
steering already contains a variable phase shifter in
each element of the array for main beam steering, thus

© 2017 Global Journals Inc. (US)
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Right side sub array

quantity. In contrast, the array factors in (1) for the left
and right sides sub-arraysare complex quantities. If the
values of steered angles B; and S, are not equal it is
not possible to get a real array factor expression.
Furthermore, it must be noted that the reference axis is
at the centre of the array which invariably must generate
a real valued array factor.

Incident
field

#N

Difference Pattern

Sub-array configuration for the proposed technique

the practical implementation of the proposed method
does not actually require any additional hardware.

In comparison with existing techniques which
are usually use two separate hardware sets of
attenuators and phase shifters to reconfigure between
sum and difference patterns, the proposed method uses
one hardware set that consists only phase shifters.

Moreover, these phase shifters are fully shared
in the proposed method to generate the required sum
and difference patterns. Although there are a various
techniques for synthesizing sum and difference
patterns, the proposed configuration with fully common
element excitations has not been previously tried to the
best of my knowledge and is able to provide a
significant reduction in the complexity and cost of
feeding network. Table | shows the complexity of the
feeding network for different techniques. From this table,
it can be seen that for 20 elements radar antenna, the
total number of the required attenuators and phase
shifters for synthesizing sum and difference patterns
under the case of no common (or separate) excitation
are 40 attenuators and 20 phase shifters, while these
numbers are reduced to 30attenuators and 20 phase
shifters using the method presented in [4] and it is
further reduced to only 20phase shifters with the
proposed method.



[V.  SIMULATION RESULTS

To illustrate the effectiveness of the proposed
approach, a number of numerical experiments have
been performed. In the following examples, we assume
a uniform linear array with N=20 elements and half-
wavelength element spacing. The two sub arrays are
then formed by dividing the main array elements into
two equally sub arrays, each with M=10 elements.
Figures from Fig.4 to Fig.7, shows the resulting sum and
difference patterns under various values of steering
angles. In all these figures, the values of steering angles
are chosen such that g; = —p,. (i.e., symmetric).

From all these figures, it can be seen that the
required sum and difference beam patterns can be
achieved when setting the steered angles at small
values and near to the broadside direction. Also note
that for Figs 4 to 6, the intersection area between main
beams of the two sub-arrays is large and the half power
beam width (HPBW) of the resulting sum pattern is
exactly equal to that of the standard uniform array. On
the other hand, and for large values of steering angles,
the HPBW of the resulting sum patterns are significantly
increased with respect to that of the standard uniform
array and the main beams become nearly flat top with
some ripples at the top of the main beam (see Fig.7).
Note that this case can be considered as a multiple-
pattern antenna arrays that capable to radiate more than
one pattern by only varying the steered angle.

This pattern reconfiguration issue is desirable in
many applications such as radar, remote sensing, and
telecommunications. The resulting difference patterns
are adequately locating a null at desired direction since
there are still some intersection area between the main
beams of both sub-array patterns. Fig.8 shows the
variations of the HPBW versus the steering angle values.
From this figure, it can be seen that, for small steer
angle values which are ranging from g, = — g = 1° to
17°, the HPBW of the resulting sum pattern is at 5°
which is nearly equal to that of the standard uniform
array. For other values of Bj= — .= 18°to 249, the
HPBW of the resulting sum pattern is at 17° and its main
beam top become flat with some ripples between 0 dB
and -2 dB . For B, = — Br = 30°r any other larger
values, the resulting sum pattern fails in its operation
where it is starting to locate a null instead of peak main
beam at the broadside direction. This effect is clearly
shown in Fig. 9.

Finally, the sidelobe level in the resulting sum
pattern can be significantly reduced if we chose
asymmetric values for the steering angles (i.e., 8] # By)
such that the sidelobe structures of both sub-array
patterns are approximately equal in magnitude and out
of phase. Fig. 10 shows such contradiction in the
sidelobe structures of both patterns for choosing
values f1= 0° and Br = 5.74.As a result, the sum
pattern have a low sidelobe level (an improvement of 6

dB with respect to the standard uniform array). This
improvement is come at the cost of little shifting in the
main beam of the resulting array.

V. (CONCLUSIONS

An alternative method for synthesizing sum and
difference beam patterns with uniformly excited equally
spaced linear arrays has been presented. By suitably
choosing the steering angle of the beam patterns of the
left and right sub-arrays, it is possible to generate the
required sum and difference patterns. It is evident from
the present investigation that there is a general strategy
to assist the selection process of the steering angle
adjustment. First, the generated sum pattern may be
exactly same as that of the standard uniform array with
narrow HPBW if the steering angles chosen at small
values and near to the broadside direction. This imply
that the steered main beams of both sub-arrays are
intersected at a large area. Next, for small intersection
area, the choosing value of the steering angle may lead
to reconfiguration the overall array pattern from pencil
beam to a pattern like a flat-top beam with wide HPBW.

Finally, for the case of no intersection area
between main beams of both sub-array patterns, the
steering angle values are not recommended as the
resulting sum patterns fails in its operation. Besides the
diversity of use, other advantage of the proposed
technique is that it is suitable for practical
implementation.
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Table I: Complexity of the Feeding Network for Different Techniques

Feeding Network Complexity
; Total No. of Phase
Technique Total No. of Attenuators Shifters for scanning
for both Sum & both Sum & Difference
Difference Patterns Patterns

Separate excitations

(No common excitations) 2N N
Common excitations [4]

. 2N-N/2

(Sharing percentage 50%) N-N/ N
Proposed Array 0 N
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Planar and Angular Modified Substrate
Integrated Waveguide (SIW) Filter with
Electromagnetic Band-Gap (EBG) Structures

S. Moitra® R. Dey°® & H. Kumar®

Abstract- Designing of 180° linear full mode substrate
integrated waveguide(FMSIW) filter and a new type of FMSIW
filter bent with 90° angle have been proposed in this paper with
a new type of Electromagnetic bandgap structure, etched on
the PEC surface (upper layer) of the main structures to obtain
the bandpass characteristics. Insertion loss is effectively low
for both (180° FMSIW and 90° bent FMSIW’ filters due to this
distinct type of EBG structures. Outcomes of Parametric
analysis of the EBG structures have also been studied and
presented in graphical form. Entire experiments have been
done with Neltec (NH-9320), the dielectric constant of 3.2 and
thickness of 0.8 mm. Proposed filters in this paper are used for
microwave Ku band applications. Both bandpass filters are
compact in size, low in cost and easy to fabricate. Moreover,
90° bent filters are more convenient in use where the linear
filters are restricted.

Keywords: 180° linear FMSIW filter, 90° bent FMSIW filter,
Ku-band, insertion loss (IL), EBG structure.

[.  INTRODUCTION

apid development in planer components is a
result of growing interest in the field of wireless

component design. An effective approach in
designing passive microwave component is the
substrate integrated waveguide (SIW) technology. In
SIW dielectric material is sandwiched between two metal
conducting plates and series of vias are inserted in the
other two sides thus forming a rectangular waveguide-
like structure modified in planer form [1]. SIW inherits
almost all of the advantages of conventional rectangular
waveguide like low insertion loss, high power handling
capability in the microwave band and high-quality factor.
Most of the properties of SIW like dispersion
characteristics, propagation constant and field pattern
are similar to that of waveguide counterparts. Several
passive components like antennas, filters, power
dividers and couplers are designed in the recent past
using the manifold benefits of SIW. Several filters [2],
couplers [3], oscillators [4], slot array antennas [5], six-
port circuits [6], and circulators [7] are proposed since
then,

In this paper, a conventional(linear) and a 90°
bent full mode SIW (FMSIW) bandpass filter embedded
with new type of Electromagnetic Bandgap Structures

Author a o p: Dept. of Electronics & Communication Engineering, Dr. B
C Roy Engineering College, Durgapur-713206, India.
e-mail: souravmoitra25@yahoo.in

are proposed, which exhibits the bandpass property of
the microwave Ku-band.

For designing high Q-factor and low loss filters,
SIW which is realized by metallic vias on low loss
substrates through printed circuit board is proved to be
a useful technology [8]-[10]. In SIW fabrication process
takes place with using two rows of conducting
cylindrical vias embedded in a dielectric substrate that
connects two parallel metal plates, and permit the
implementation of a classical rectangular waveguide
components in planar form, along with several printed
passive circuitry, active devices and antennas as shown
in Fig. 1.

[I.  DESIGN EQUATIONS

Series metallic vias

. Dielectric Substrate

Fig. 1: Layout of Basic SIW structure realized on a
dielectric substrate (a,=effective width of SIW section,
p=center to center gap between vias ‘pitch’, d=diameter
of metallic vias and t=thickness of dielectric material).

The basic design formulations for designing an
SIW filter are as follows:

T (1)
0.95p

a,=a,

where, g, is the separation between via rows (center to
center), a, is the width of the structure, d is the diameter,
p is the pitch (as shown in Figure 1). The cut-off
frequency of the SIW can be obtained by the following
relation.

f,=—C e (2)
2¢, .8,

Where c is the velocity of light in vacuum.
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I11. DESIGNING OF 180° BENT FMSIW
BANDPASS FILTER

a) 180° FMSIW Filter Design Without EBG Structures

Fig 2. and Fig 3. shows the basic 180° FMSIW
structure used in designing the bandpass filter and the
high pass characteristic of the basic structure
respectively.

WII as

Fig. 2: Basic structures of 180° FMSIW filter
(All dimensions are in mm).

VvV

§- Parameter (dB)

10 18 20 25 30
Frequency (GHZ)

Fig. 3: Scattering Parameters of basic 180° FMSIW filter
as designed on a substrate dielectric constant of 3.2
and 0.8mm thickness.

b) 180° FMSIW Filter Design With EBG Structures

The basic 180° FMSIW structure which is shown
in Fig 2. acts as a high pass transmission line section.
Tapered section between micro strip feed line and SIW
section [14] avoids the impedance mismatch and
designed as for 50Q impedance matching. In this paper,
implementation of introduced new type of EBG
structures on the linear (180°) FMSIW filter creates
additional resonance within the structure. Thus a
considerable stop band attenuation arises in the range
of Ku band with a transmission band of minimum
insertion loss. The parametric analysis of EBG elements
on the 180° FMSIW structure shows that the magnitude
and frequency of the stop band attenuation is highly
dependent on the dimension of the EBG elements. Fig
4. and Fig 5. shows the EBG loaded 180° FMSIW filter
and its transmission characteristics respectively. Basic
dimensional calculations can be obtained from [8].

© 2017 Global Journals Inc. (US)

all

Fig. 4: 180° FMSIW bandpass filter with EBG realized on
a dielectric substrate

S-Parameter (dB)

11 12 13 14 15 16
Frequency (GHZ)

Fig. 5: Scattering Parameters of 180° FMSIW filter with
EBG slots as designed on a substrate dielectric
constant of 3.2 and 0.8mm thickness.

Introduction of EBG in 180° FMSIW results in
production of transmission zero at around 15.04GHz,
which complies the range of microwave Ku-band. The
range of obtained passband is from 12.44 GHz to
14.53GHz with a minimum insertion loss of 0.71 dB. The
E-field of the 180 FMSIW bandpass filter is shown in
Fig 6
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Fig. 6: E-Field distribution of EBG loaded 180° FMSIW

bandpass Filter at 13.5 GHz.



Table 1: Dimensions of the 180° FMSIW filter.

Sl Without EBG With EBG
No. | Parameters | syrycture (mm) |  Stucture
(mm)
1. L 80 mm 80 mm
2. t 0.8 mm 0.8 mm
3. W 2.1 mm 2.1 mm
4. B 14.6 mm 14.6 mm
5. Wi 3.22 mm 3.2 mm
6. F1 5mm 5mm
7. F2 5mm 5mm
8. d 0.6 mm 0.6 mm
9. 1 mm 1 mm
10. as 8.6 mm 8.6 mm
11. H 3 mm 3 mm
12. S1 — 1 mm
13. S2 - 1T mm
14. S3 - 1.8 mm
15. 54 - 1.2mm
16. S5 - 0.2 mm
17. L3 — 4.29 mm
18. L4 — 4 mm
19. Gv 13.86 mm

Table 2: Performance of FMSIW Filter.
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Fig. 7: Basic structures of 90° FMSIW filter
(All dimensions are in mm).
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Parameters 180° FMSIW with EBG
Insertion Loss 0.66
Transmission Bandwidth 2.59 GHz
S11 (dB) >10
S21 (dB) <1.3
Lower Cut-off frequency ‘f’ 12.12 GHz
Higher Cut -off frequency ‘f’ 14.71 GHz

DESIGNING OF 90° BENT FMSIW
BANDPASS FILTER

a) 90° FMSIW Filter Design Without EBG Structures

In this paper, transformation of 180° FMSIW
into 90° FMSIW structure was provided. For better
transmission, greater bandwidth and low insertion loss
the outer via series have been additionally bent in two
points P, and P, by 45° These 90° FMSIW structures
exhibit similar properties with TE,, mode of propagation
as in SIW. Fig 7. and Fig 8. shows the basic 90° FMSIW
structure used in designing the bandpass filter and the
high pass characteristic of the proposed structure
respectively.
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Fig. 8: Scattering Parameter of 90° FMSIW filter as
designed on substrate dielectric 3.2 and thickness of
0.8mm.

a) 90° FMSIW Filter Design with EBG  Structures

In this section, we have induced the EBG
structures in the basic 90° FMSIW structure. In the
middle section of the basic structure extra resonance
will produce for bending of via rows. Thus, for etching
the EBG structure denoted with ‘M’ in the middle region
effective result will produce in terms of band width and
isolation in microwave Ku band region as shown in Fig
10. Fig 9. and Fig 10. defines the EBG loaded 90°
FMSIW BPF and its transmission characteristics
respectively. E-field of FMSIW bandpass filter is shown
in Fig.11.
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S-Parameter of 90° FMSIW bandpass Filter with
EBG.
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Fig. 11: E-Field of 90° FMSIW bandpass filter(15.5 GHz)

with EBG realized on a dielectric substrate.
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Table 3: Dimensions of the 90° bent FMSIW filter.

Without EBG With EBG
SINo. | Parameters Structures Structures
(mm) (mm)
1. L1 40 mm 40mm
2. L2 40 mm 40 mm
3. t 0.8 mm 0.8 mm
4. W 2.1 mm 2.1 mm
5. B 14.6 mm 14.6 mm
6. Wt 3.22 mm 3.2mm
7. F1 5mm 5mm
8. F2 5mm 5mm
9. D 0.6 mm 0.6 mm
10. P 1 mm 1mm
11. as 8.6 mm 8.6 mm
12. H 3 mm 3 mm
13. ST 1 mm
14, S2 1 mm
15. S3 1.8 mm
16. S4 1.2mm
17. S5 0.2 mm
18. L3 4.29 mm
19. L4 4 mm
20. Gv 79 mm

Bending of 180° FMSIW bandpass filter to 90°
FMSIW filter results in the production of transmission
zero at around 17.31GHz with a transmission bandwidth
lies in the range of microwave Ku-band. The range of
obtained passband is from 14.61GHz to 15.97GHz with
a minimum insertion loss of 0.58 dB.

Table 4: Performance of 90° bent FMSIW Filter.

90° FMSIW with
Parameters EBG
Insertion Loss 0.58
Transmission Bandwidth 1.36 GHz
S11 (dB) >15
S21 (dB) <1.3
!_fo'wer Cut-off frequency 13.97 GHz
L
I—f|igher Cut-off frequency 17 31 GHz
U

V.  PARAMETRIC ANALYSIS OF EBG
STRUCTURES

Microwave bandpass filter requires productive
analysis of the technique to make the design effective.
Several useful parameters of EBG elements are varied
and the output is studied in details in this paper.
Effective size of the EBG elements ‘S’ and the distance
between successive EBG elements ‘G, are studied.
These parameters are found to have significant effect
over the insertion loss, transmission band and isolation
of the filter configurations.




a) Parametric Analysis of EBG Structures Induced In
180° FMSIW Band Pass filter

The effect of varying the distance of the EBG
section ‘G,’ with the transmission bandwidth is shown in
Fig 10. It has been observed that the transmission
bandwidth increases when the variation of distance
takes place from 13.65mm to 13.75mm but the
bandwidth decreases as we increase the distance
between the EBG structures up to 13.95mm.

294
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Transmission bandwidth (GHz)

2.86

2.85 H
13.6 13.7 13.8 13.9 14.0 14.1

Distance between EBG Structures 'G ' (mm)

Fig. 12: Distance between EBG structures vs.
Transmission Bandwidth of 180° FMSIW filter.

The distance vs. Stop band attenuation of the
EBG structures is also studied to achieve greater control
over the passband and loss characteristics. Fig 11.
represents the variation which conveys that the stop
band decreases from 16.59dB to 9.3dB as the distance
increases from 13.66mm to 13.76mm but after 11.76mm
the stop band attenuation increases with varying the
distance by 0.1mm.

18

Stopband attenuation (dB)
)

r T ; ;
13.6 13.7 13.8 13.9 14.0 14.1
Distance between EBG structures 'G ' (mm)

Fig. 13: Distance between EBG structures vs. Stop Band
Attenuation of EBG structure of 180° FMSIW Filter.

The size of the EBG structures ‘S, is also varied
to achieve the size of EBG structure vs. transmission
bandwidth and size of EBG structure vs. stop band
attenuation graph to obtain greater control over
passband and loss characteristics. Fig 12. shows the
Size of EBG structure vs. Transmission bandwidth of
EBG element. A clear observation is there that the
transmission bandwidth slightly decreases when the
size of the EBG element increases from 0.1mm to

0.2mm and again increases by small value when the
size is increased to 0.3mm and gradually decreases as
the size increases by 0.4mm.
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Fig. 14: Size of EBG structures vs. Transmission
Bandwidth of 90° FMSIW Filter.

Fig 13. defines the size of EBG structures vs.
Stop band attenuation. A clear observation is there that
the stop band attenuation increases as the size
increases from 0.1mm to 0.2mm but decreases as the
size of EBG structure increased further.

Stopband attenuation (dB)

0.10 0.15 0.20 0.25 0.30 0.35 0.40
Width of EBG structures 'S's(m m)

Fig. 15: Size of EBG structures vs. Stop Band
Attenuation of 90° FMSIW Filter.

a) Parametric Analysis of EBG Structures Induced In
90° bent FMSIW Band Pass filter

The effect of varying the distance of the EBG

section ‘G, with the transmission bandwidth is shown in

Fig 14. It has been observed that the transmission

bandwidth is constant in a distance from 11.58mm to

11.61mm but the bandwidth decreases by 0.05 GHz as
the distance increases to 11.62mm.
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Fig. 16: Distance between EBG structures vs.

Transmission Bandwidth of 90° FMSIW filter.

The distance vs. Stop band attenuation of the
EBG structures is also studied to achieve greater control
over the passband and loss characteristics. This
variation is there in Fig 15. which shows that the stop
band decreases from 28.63dB to 20.64dB as the
distance increases from 11.58mm to 11.59mm but after
11.60mm the stop band attenuation increases with
distance varying with 0.01Tmm.

Stopband attenuation (dB)

M
(=]
i

f T i
11.58 11.59 11.860 11.61 11.62
Distance between EBG structures 'G ' (mm)

Fig. 17: Distance between EBG structures vs. Stop Band
Attenuation of EBG structure of 90° FMSIW Filter.

The size of the EBG structures ‘S;’ is also varied
to achieve the Size of EBG structure vs. Transmission
bandwidth and size of EBG structure vs. Stop band
attenuation graph to achieve greater control over pass
band and loss characteristics. Fig 16. shows the size of
EBG structure vs. transmission bandwidth of EBG
element. It can be reveals that the transmission
bandwidth increases when the size of the EBG elements
raises from 0.2mm to 0.3mm.
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Fig. 18: Size of EBG structures vs. Transmission
Bandwidth of 90° FMSIW Filter.

Fig 17. represents the variation graph of the
Size of EBG structures and Stop band attenuation. It can
be observe that the stop band attenuation decreases
from 0.1mm to 0.2mm but increases as the size of EBG
structure increases from 0.2mm to 0.4 mm.
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Fig. 19: Size of EBG structures vs. top Band Attenuation
of 90° FMSIW Filter.

Table 2. and Table 4. represents simulated
outcomes of the linear (180°) and 90° bent FMSIW filters
respectively. Based on the parametric analysis
presented in this paper, successfully achieves good
filter performance like minimum loss and high isolation
property.

VI.  CONCLUSION

In this article, a brief discussion is there for
obtaining the bandpass characteristics of 180° FMSIW
filter and 90° FMSIW filter. 180° FMSIW filter loaded with
EBG structures bent down to 90° and analyzed the
bandpass characteristics for obtaining the desired
passband. Bending of 180° FMSIW filter to 90° FMSIW
filter and implementation of EBG structures on both
designs are found to serve the purpose quite effectively.
For better understanding, a detailed presentation for the
analyses of several useful parameters of the EBG
elements is there. Additionally, with bending the linear
filter, length has been decreased. Thus, 90° bent filters
are more flexible than linear 180° filters regarding the
use and bandpass characteristics. Distance and size of



EBG elements can be chosen to achieve a better result.
In future, both filters can be used for such applications
(radar and remote sensing operations) which complies
the range of Ku band. Moreover, 90° bent filters have the
advantage to minimize the space complexity using its
bending strategy and novel passband characteristics.
Both designs are simple and easy to fabricate in the
presence of advanced fabrication technology.
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Technopreneurship: A View of Technology,
Innovations and Entrepreneurship

Fowosire, R. A° Idris, O.Y° & Opoola Elijah®

Abstract- There is a strong connection between Technological
development, Innovations and entrepreneurship. It is
noteworthy that, entrepreneurship forms the sub structure
upon which science and technology are built. As we
understand it, technopreneurship is, by a large part, still
entrepreneurship. The difference is that technopreneurship is
either involved in delivering an innovative hi-tech product (e.g.
Microsoft) or makes use of hi-tech in an innovative way to
deliver its product to the consumer (e.g. eBay), or both (e.g.
most pharmaceutical companies). Technopreneurship is not a
product but a process of synthesis in engineering the future of
a person, an organization, a nation and the world. Strategic
directions or decision-making processes are becoming more
demanding and complex. This requires universities, and in site
professional development programs and training to produce
strategic thinkers who will have skills to succeed in a rapidly
changing global environment.This paper has brought to the
fore the need for countries to put forward , realize and promote
technopreneurship as a way of technological advancementin
the modern age, as it asserts that entrepreneurship must be
the sole baseof innovation in the world of science and
technology; only then can technological innovations be
valuable to the pursuit of economic development. While the
strength and growth of any economy is facilitated by the civil
entrepreneurial culture and the versatility of its technical know-
how, this paper focus on the relevance of adopting
technopreneurship as a way of societal development, thus
establishing the inter-relationship between the scientist,
engineers and the business sector with aim of enhancing
proficiency in research and development.

Keywords: technopreneurship, technology, innovations,
entrepreneurship, creativity, SME, commercialization.

I. [NTRODUCTION

n this world of accelerating economic globalization,

advances in science and technology continue in the

blink of an eye, and knowledge is recognized as a
core competence in accumulating wealth (Lalkaka,
2002). he latter half of the 20" century has seen science
and technology compliment land, labor, and capital as
sources of wealth (Etzkowitz, 2003a). Correspondingly,
knowledge and innovation have come to be recognized
as factors of production (O’'Shea, Allen, Morse,
O’Gorman, & Roche, 2007). The art of entrepreneurship
has the potential to ignite knowledge and innovation
within the IT industry. In this environment, then, the

Author o o p: Dept. of Electrical & Electronics Engineering School of
Engineering Technology Abraham Adesanya Polytechnic, liebu Igbo,
Ogun State, Nigeria. e-mail: remifowosire@yahoo.co.uk

question becomes how best to hamess and capitalize
on knowledge and innovation. With the advent of the
internet, the information age has become an
opportunistic environment for entrepreneurs. The rapid
evolution of technology in the last fifty years plays a
significant role in our day to day lives. Information
Technology (IT) builds and supports the processes of
organizations on a competitive global platform. The
shift from the physical world to the virtual world is
also a noticeable trend as an increasing number of
everyday functions and processes are shifting to an
electronic realm. Traditionally, IT entrepreneurship has
been most successful and lucrative in most parts of the
world. Around the world, we can see that nations have
embraced information and communication technology
(ICT) as a means to enrich public and private sector
processes, while providing citizens with easier access to
these services (Fang, 2002).The emergence  of
technological innovations has opened up to new
opportunities and challenges to a nation’s economic
development (Yunos, 2002). It is worth to mention that
information technology has becoming an important fact
to the business community as it helps improve the
business processes.

The term “technopreneurs” means technology
entrepreneurs, which are basically the big, small and
medium enterprise ICT and multimedia companies.
Focusing on these various enterprises, advancements in
ICT and technological adoption will provide channel to
accelerate and expand businesses as well as its people,
which bears vital importance to the growth and
development of entrepreneurs in the knowledge-based
economy. Besides daily advancements to better
structures and strategies are being explored and
developed to help technology-based enterprise grow
especially the small and medium ones offering a
promising future within the global marketplace,
thereby being able to expand themselves to compete in
this borderless world, at the same time create, and add
value to their business in order to achieve sustainability.

a) Nigeria’s Experience

The history and development of
technopreneurship in Nigeria is linked to the entre
preneurship development process. Prior to 1970 the role
of government was not significant till 1986 after the
introduction of Structural Adjustment Program (SAP)
which was subsequently followed by the establishment
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of the Small Scale Industries Credit Guarantee Scheme
(SSICS), National Directorate of Employment (NDE),
National Open Apprenticeship Scheme (NOAS), Small
and Medium Enterprise Development Agency of Nigeria
(SMEDAN),as well as Centre for Entrepreneurship
Development (CED), National Centre for Technology
Incubation(NCTI). The process received a major boost
with  the introduction  of  privatization  and
commercialization decrees in 1988 - 1995 resulting in
the emergence of business enterprises in the fields of
agriculture, manufacturing, banking, mining, education,
publishing, and information & communication
technology. This development provided the fertile
ground needed for the emergence of micro, small and
medium enterprises that are engaged in the production
and provision of auxiliary products and services. The
role of Government became much more apparent
through the activities of SMEDAN by supporting and
supervising entrepreneurship units while the Central
bank of Nigeria provides financial assistance to
entrepreneurs through the 10% fund contribution by
commercial banks to the Small and Medium Enterprise
Equity Investment Scheme (SMEEIS).As noted by
Babajide, “the scheme aimed at assisting the
establishment of new, viable small and medium
industries; thereby stimulating economic growth, and
development of local technology, promoting indigenous
entrepreneurship and generating employment”.

1. LITERATURE REVIEW

The emergence of technology and the
innovations it brought has opened up new opportunities
and challenges into businesses in this regard,
technological adoption and advancement act as
channel to expand and accelerate the businesses as
well as the people. Lalkaka (2002) defined technological
innovation as the process that drives a concept towards
a marketable product or service. This holds true as it
contributes towards raising productivity and
competitiveness (Lalkaka, 2002).

Technopreneurship is innovative application of
technical science and knowledge individually or by a
group of persons, who create and manage a business
and take it financial risk in order to achieve their goals
and perspectives. The engineers possess high technical
skills in this regard but they often enjoy few skills in
business and in terms of entrepreneurial thinking
(Prodan ,2007). Technopreneurship is one of the
basic foundation areas of the ICT age in
entrepreneurship that plays important role in creation
of competitive advantage in various enterprises and
organizations, reconstruction and economic growth
being basic reasons for this, businesses will be able to
expand themselves to compete in this ever expanding
world, at the same time create and add value to
them(businesses) in order to achieve sustainability.

© 2017 Global Journals Inc. (US)

Today, it is completely clear that according to a report
from OECD, development of technology play an
essential role in economic growth and development
and technology oriented industries may play ever-
increasing and major role in international trade.
While emerging technopreneurship may cause ever-
growing appearance of knowledge based SMEs
(Dahlstrand, 2007). Technopreneurship as a leadership
style of business including identifying extremely
technological economic  opportunities  with  high
capacity for growth, collection of resources like expert
manpower and capital, rapid growth and remarkable risk
management by means of decision making skills (Dorf,
R.C., & Byers 2005). The rapid advancement of
technology has encouraged small and medium-sized

businesses (SMEs) to utlize the opportunity  to
establish, expand, as well as prosper their
businesses capable of generating employment

opportunities, mobilizing the local resources, creating a
balanced and affluent society and playing a
significant complementary role to large firms and
eventually strengthening the economic development
of the nation as a whole (APEC, 2001)

[1I. DEFINITION OF TECHNOPRENEURSHIP

Technopreneurship is a latent concept that is
placed in the core of many fundamental subijects.
Various literatures use the term “technology-based
entrepreneurs”,  “technical  entrepreneurs”,  “high
technology entrepreneurs” or even “high tech new
ventures” to describe new business that combine
entrepreneurial  skills  and technology (Florida and
Kenney, 1988; Dahlstr and and Lindholm, 1999; Renko,
Autio and Tontti, 2002 ; Oakey, 2003; Kakati, 2003)
Technopreneurship comprises of identifying modern
technologies and even creation of technological
opportunities by presentation of commercial products
and  services  (Blanco,2007). Technology -based
entrepreneur is a process and formation of a new
business that involves technology and these
“technopreneurs” use technological innovations and
translate such technology into successful products or
services. Technopreneurship is  the process of
investing in a project which gathers and activate
expert members with different assets, which relates to
advancement in scientific and technological knowledge,
in order to create and acquire value for a specific
enterprise, the social context in  which the
entrepreneur operates also plays an important role
in nurturing this concept, one of such ways is through
embeddedness, where entrepreneurs are being
embedded within the confined structure in the area in
which they operate. Objective of technopreneurship is
commercialization of innovations developed by
academic scientists via patenting, licensing, start-up
creation, and university—industry partnerships



(Grimaldi et al., 2011). Entrepreneurs who are into the
core businesses involving technology - based industries
and make use of technology to come out with new or
innovative  products  through a  process of
commercialization are technopreneurs. Their businesses
are generally marked with high growth potential and
high leverage of knowledge and intellectual property.
Potential Technopreneurs must be equipped with both
technical and business skills. Generally, technopreneurs
possess high technological knowledge deprived from
relevant skills of business (i.e. financial experiences and
data), and achievement in technological enterprises.
Techniques and technology are deemed as some part
of innovation. Technopreneurship process is mainly
related to technological innovations, where technology
may be utilized as a system of theoretical and
operational knowledge and skills by enterprises for
development, production, and delivery of their products
and services so that it could be defined and
embodied in  personnel, materials, facilities,
equipment, and physical procedures and processes. In
general from their viewpoint, technopreneurs possess a
lot of technical knowledge but they lack of
entrepreneurial necessary skills for management,
duration, and success in organizations and this has led
to reduced efficiency in technology base organizations
and enterprises (Antonici & Prodan, 2007). Techno-
preneurship will be placed in the development path
when the relationship among micro and macro factors is
being addressed between technological opportunities
and entrepreneurial performance. In a study conducted
by Petti and Zhang (2011), corporate technopreneurship
is included in a system of internal entrepreneurial
processes and the related strategic capabilities
respectively including identifying, discovering, and
creation of technological opportunities and development
of values that enable innovative business models to
exploit from these opportunities. More clearly, it is to
search for opportunities and budgeting for investment
and covers entrepreneurial tendency. Knowledge
management covers capacity for attraction and
manages the relevant change to innovation of business
model and incorporates dynamic capability that is
aimed at creation of competitive advantage in
organizational environment.

The suggestion that there is a strong and
positive correlation between technopreneurship and the
growth of enterprises has certainly been discussed in
literature since the early works on entrepreneurship and
economic development by Schumpeter. It is widely
accepted that an increase in the number of
technopreneurs leads to an increase in enterprise
growth which is also a direct result of their skills,
and their tendency to innovate. Their ability to
generate enterprise growth in a particular economy is
normally manifested in their innovative capability, as
described by introducing new goods and services

which are not familiar to consumers, new quality, new
method of production, opening of a new market, and
capture of a new source of supply of raw materials or
other inputs. The obvious ability and willingness of
entrepreneurs (who anchor their business thrust on
technology) to practically perceive and create new
business opportunities and decide to venture in to
such opportunities in spite of the challenges of market
uncertainties and other impediments, affect and
ultimately renew the business activities, not only within
their business units and industries, but also within the
economy they are situated. The culmination of various
technopreneural initiatives with the occurrence of a
variable with a differing role in an aggregated form
could result in general enterprises growth which, to a
greater extent, can be measured in terms increase in
competiveness, market share, quality, profitability, and
innovation gained by the business units. The influence
of this is normally driven by their activities in provision of
a wide range of services. Investment-generated
innovative services are  associated  with  lower
transaction costs and, therefore, greater efficiency,
competiveness, market growth as well as increased
earnings. Consequently, absences of funds yield little
room for opportunities in terms of increased innovative
activities. Expectedly, given the abundant natural
resource and cheap labour in  Nigeria, the
technopreneurs will be able to help build a significant
cluster of viable ideas and business schemes in
order to develop a number of excellent enterprises
in Nigeria. The technopreneurs will be able to manifest
characteristics such as product and process
innovativeness,  high  growth  rate, technology
adoption, and high market growth rate. This could
contribute significantly to the business as well as
economic growth through value addition, wealth
creation and job opportunities. Therefore there is strong

positive  relationship  between innovative services,
technopreneurship and enterprise, also the growth of
technoprenuership drive and SMEs significantly

depend on the availability and accessibility innovative
services. Innovative entrepreneurship is becoming the
corners tone of economic growth in the developed and
developing world. Government and the industry can
create the plat forms that tap in to people’s creativity in
what ever way it is expressed, rather than regarding
innovation as the domain of asm allh and ful of people.
Industries in the developed world spend huge
sumannually on research and development, with the eye
to fostering innovation and aculture of risk and reward
(Cukier, 2006).

a) Competition and Progress in the Technopreneurs’
world

Competition is the process of trying to dobetter

than others. In the world today, people and

organizations face a common global problem which is
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the need to improve in performance so as to adapt to
the fast paced global changes. People and organization
who deliberately innovate, or make continuous changes
in their products and processes, has a hugegap in the
world of information and communication technology.
The basic key to maintaining competitiveness lies in the
ability to change and improve what we do and how we
do it. According to Paul Mott-University of Pennsylvania,
in the world of competition, an effective organization,
institutions  etc.  displays  three  characteristic
simultaneously(Molt, 1972). The seare:

Efficiency:This is the optimal use of services to create a
well structural, stable, routine in product in high
quantities, quality and at low cost. In this world of
advance technology, efficiency alone is not enough to
meet the global market(Molt, 1972).

Adaptability: A daptability means mastering; Innovation
is the key to Adaptability. ltrequires looking for new
technologies, ideas and methods that may improveor
completely change a process routine to match the
demands of the technological world. Adaptability also
involves processes based on knowledge acquired from
an earlier work done. Adaptability helps you not just to
reproduce but to improve on an existing model so as to
meetthedem and of clients. This means that as techno-
preneurs, we must not just study the technology of
product and services but we must study the market so
as to adapt the innovation to meet the market demand.
In other words we must main stream innovation (Molt,
1972).

Flexibility: This is the ability of an organization to react to
unexpected emergencies quickly while still maintaining
it" sroutine. It'snolongerenough to relysolely on flexibility
in order to cope with change, anticipating a change by
“leapfrogging” bringing to the market goods and
services that meet the needs of the consumer to them
even before the consumer envisage the change.

SME shave unique characteristics and due to
these characteristics, it is conclusive to say they have
inherent  capabilites to undertake technological
innovations successfully across specialized field and
economy. As there is adequate empirical evidence to
shed light on SME innovation and its contributions in the
context of developed countries, in light of this, there is
hardly any proof of evidence showing innovative
SMEs are rapidly industrializing economies like
Nigeria. This paper takes into consideration deep
rooted findings of two empirical “Innovation Projects”
implemented in Lagos based on the last few years,
specifically the lkeja and Victoria-island regions. In
today’s economy, SMEs are largely incremental
innovators, due to the effects of their customers and
their involvement in the said products and/or process
innovations. Majority of these SME’s carried out their
innovations with internal efforts only, only a few/minority
obtained external support to carry out its innovations,

© 2017 Global Journals Inc. (US)

the latter had better technical strength and frequent
analysis on outcomes for both product &process
innovations. Such SMEs achieved better innovation
performance as well as better economic performance.

The Economy grows better innovation
performance as well as better economic performance
rapidly if entrepreneurs make remarkable progress in
various industries like Manufacturing, Precision
Engineering Design, Food Processing,
Pharmaceutical, Textile &Garments, Retail, IT and ITES,
Agro and Service sector and can be achieved with the
following:

(i) Innovations: How creative is the product

(i) Quality of innovations: How valuable standard is
the product

(i) Patenting culture: How to protect and secure that
Standard.

The elements of creativity are sometimes
generalized as cognitive, affective, personal and
motivational, and social or environmental. Among these,
cognitive and affective elements are arguably most
important. The cognitive aspects of creativity include
basic knowledge (both general and field-specific),
perceptiveness, originality, attraction to complexity (e.g.,
combining, analyzing, and applying different, disparate
ideas or concepts), open-mindedness (e.g., resistance
to closure, and awareness of creativity. Affective
elements includecuriosity, humor, independence, and
risk-taking.

IV. (CHALLENGES TO TECHNOPRENEUR

In the new age of [T, great exploits in
innovations research and development hasn’'t been
without its negatives and disadvantage. These hindering
factors include: government policy, human capacity
development, lack of facilities, and lack of standard for
confirmation, capital, market and energy. Research
innovation is generally not appreciated, so less
investment would lead to less develop ment
breakthrough in products. Instead of being trend setters,
they choose the easier option which is to follow trends.

V. ROLE OF GOVERNMENT

Government roles in supporting technopreneur-
ship comes in various forms directly and indirectly,
indirectly by enacting favorable regulation and public
policies for creating conducive economic system for
technopreneurship to grow and directly by providing
risk capital. Venkataram an(2004) clearly believed that

some kind of intervention was necessary for
encouraging technopreneurship. However, if
government attempted to provide the intangible

infrastructure, an entitlement mentality would emerge.
On the other hand, markets or private institutions
have not always solved problems effectively and
efficiently. Both independent on each other would crash.



The governments basically promote
technopreneurship by injecting risk capital; this alone
does not provide encouraging results. It should be
noted that massive interventions may increase
dependency of technopreneurship to government aids,
which cannot be sustainable in the long term.
Government intervention should be comprehensively
analyzed and carefully designed to focus on
developing technologies that are relevant to the
needs of potential users, technically reliable, and
economically competitive. Availability of desirable
technologies is a pre-requisite for technopreneurship to
be viable. It will be extremely challenging to encourage
technopreneurship if business enterprises are not
interested in  indigenous technology developed
domestically. Growth and transformation spinoff firms
will also be very difficult, no matter what or how much
incentives provided by government.

With all these factors coupled with the fact that
technology is research based and developmental and
SO as to sustain its existence as well as the global
business practice, solution in the positive direction is
imperative, a fulcrum for development is needed.
Creativity training and entrepreneurial skills is needed
combined with experiences. The intellect is within us,
technology is here to stay. Promoting innovative
entrepreneurship should thus be central concern for
policymakers. ltrequires that government officials
themselves act as technopreneur in implementing
policies, and promoting new partnerships with the
stakeholders. The success of future innovators as well
as the future sole depends on whether the government
is ready to do this bidding and accept the task ahead.
Technologi calinnovationsem power us and grow the
economy.

VI. CONCLUSION

Technopreneurship is the process
organizational creativity it is also aprocess of main
streaming innovation to continually find solution to
important corporate problems and implementing the
solutions to, in turn satisfying the economy or target. It
also laysemphasis on integrating technology with
entrepreneurship. Technopreneurs are entrepreneurs
who are into the intimate business of technology based
industries. They make use of technology to come up
with innovative eproducts through commercialization.

Aspiring technopreneurs mustbe adequately
equipped with both technical and business skKills.
Technopreneurs continually go through the process of
constant improvement and always try to redefine our
dynamic digital economy. We need to encourage
entrepreneurial views and skills at all levels of the
society.

VII.  CONCLUDING REMARKS

There is no denying it that technopreneurship
must be encouraged, nurtured and facilitated. But
however, all aspects of technopreneurship should be
extensively examined and vetted so as to fully
understand the challenges it brings in every phase of
the technopreneurship development. Enacted policies
in  developing technologies should be properly
directed and their Research and development
capacity should be continuously improved such that
they will be able to create relevant technologies to
always suit user's needs, technically reliable, and
economically competitive. Relevant, reliable, and
competitive technologies are pre-requisite for a
successful technology transfer. Also the absorbing
capacity of existing business enterprises needs to be
improved. All the above said submission will not only
just increase technological demand but the economy as
a whole, technopreneurship will be viable and be a
major contributing factor to the realization of indigenous
technologies to social and economic developments.
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PREFERRED AUTHOR GUIDELINES

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed)

Page Size: 8.27" X 11"

e  Left Margin: 0.65

e  Right Margin: 0.65

e  Top Margin: 0.75

. Bottom Margin: 0.75

e  Font type of all text should be Swis 721 Lt BT.

e  Paper Title should be of Font Size 24 with one Column section.

e Author Name in Font Size of 11 with one column as of Title.

e  Abstract Font size of 9 Bold, “Abstract” word in Italic Bold.

e Main Text: Font size 10 with justified two columns section

e  Two Column with Equal Column with of 3.38 and Gaping of .2

e  First Character must be three lines Drop capped.

e  Paragraph before Spacing of 1 pt and After of O pt.

e Line Spacing of 1 pt

e large Images must be in One Column

e Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10.
e Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10.

You can use your own standard format also.
Author Guidelines:

1. General,

2. Ethical Guidelines,

3. Submission of Manuscripts,

4. Manuscript’s Category,

5. Structure and Format of Manuscript,
6. After Acceptance.

1. GENERAL

Before submitting your research paper, one is advised to go through the details as mentioned in following heads. It will be beneficial,
while peer reviewer justify your paper for publication.

Scope

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology,
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization.
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global
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Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will
not be accepted unless they have wider potential or consequences.

2. ETHICAL GUIDELINES
Authors should follow the ethical guidelines as mentioned below for publication of research paper and research activities.

Papers are accepted on strict understanding that the material in whole or in part has not been, nor is being, considered for publication
elsewhere. If the paper once accepted by Global Journals Inc. (US) and Editorial Board, will become the copyright of the Global Journals
Inc. (US).

Authorship: The authors and coauthors should have active contribution to conception design, analysis and interpretation of findings.
They should critically review the contents and drafting of the paper. All should approve the final version of the paper before
submission

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According
to the Global Academy of R&D authorship, criteria must be based on:

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the 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.

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors
who do not match the criteria as authors may be mentioned under Acknowledgement.

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along
with address.

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere.

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this
paper.

Please mention proper reference and appropriate acknowledgements wherever expected.

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the
author's responsibility to take these in writing.

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved.

3. SUBMISSION OF MANUSCRIPTS

Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below.

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author,
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the
instructions.
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments.

Complete support for both authors and co-author is provided.

4. MANUSCRIPT’S CATEGORY

Based on potential and nature, the manuscript can be categorized under the following heads:
Original research paper: Such papers are reports of high-level significant original research work.
Review papers: These are concise, significant but helpful and decisive topics for young researchers.
Research articles: These are handled with small investigation and applications

Research letters: The letters are small and concise comments on previously published matters.

5.STRUCTURE AND FORMAT OF MANUSCRIPT

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as
follows:

Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and
comprise:

(a)Title should be relevant and commensurate with the theme of the paper.

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions.

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus.

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared.

(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, unless non-standard.

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to
have adequate numerical treatments of the data will be returned un-refereed;

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing.
(h) Brief Acknowledgements.
(i) References in the proper form.

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial
correction.
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness.
It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines.
Format

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable,
that manuscripts should be professionally edited.

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary.
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater.

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed
by the conventional abbreviation in parentheses.

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration,
1.4 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 10-3 m. Chemical formula and solutions must identify the form used, e.g.
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear.

Structure
All manuscripts submitted to Global Journals Inc. (US), ought to include:

Title: The title page must carry an instructive 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) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining
and indexing.

Abstract, used in Original Papers and Reviews:
Optimizing Abstract for Search Engines

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most
public part of your paper.

Key Words

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and
Internet resources.

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

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing

research paper are very helpful guideline of research paper.

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as
possible about keyword search:
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e One should start brainstorming lists of possible keywords before even begin 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 research paper?" Then consider synonyms for the important words.

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

e One should avoid outdated words.

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are
bound to improve with experience and time.

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.
Acknowledgements: Please make these as concise as possible.

References

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the
Editorial Board.

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not
being noticeable.

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

Tables: Tables should be few in number, 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. Vertical lines should not be used.

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers,
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them.

Preparation of Electronic Figures for Publication

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. 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.
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Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.

6. AFTER ACCEPTANCE

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the
Global Journals Inc. (US).

6.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must
therefore be provided for the related author.

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for
any corrections to be added. Further instructions will be sent with the proof.

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt.

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please
note that the authors are responsible for all statements made in their work, including changes made by the copy editor.

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles
cannot be cited in the conventional way.

6.3 Author Services

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article -
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is
provided when submitting the manuscript.

6.4 Author Material Archive Policy

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper?
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about this field
from your supervisor or guide.

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

1. Choosing the topic: In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can
have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can be done by
asking several questions to yourself, like Will | be able to carry our search in this area? Will | find all necessary recourses to accomplish
the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. 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.

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

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.
7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it.
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12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your
target.

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. 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 to your topic. You may also maintain your arguments with

records.

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute
will degrade your paper and spoil your work.

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

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in
trouble.

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29. Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After 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 to 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 in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
e Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.
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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 the 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 evade

e |[nsertion a title at the foot of a page with the subsequent text on the next page
e  Separating a table/chart or figure - impound each figure/table to a single page
e  Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

- Keep on paying attention on the research topic of the paper

- Use paragraphs to split each significant point (excluding for the abstract)

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

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

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing 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 approach 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. Yet, use comprehensive sentences and do not let go readability for briefness. You can
maintain it succinct by phrasing sentences so that they provide more than 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 maintain the initial two items to no
more than one ruling each.

Reason of the study - theory, overall issue, purpose
®  Fundamental goal
®  To the point depiction of the research

®  Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

e Significant conclusions or questions that track from the research(es)

Approach:
®  Single section, and succinct
® Asaoutline of job done, it is always written in past tense
® A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
®  Center on shortening results - bound background information to a verdict or two, if completely necessary
e  What you account in an conceptual must be regular with what you reported in the manuscript

Exact spelling, clearness 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

Introduction:

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction,
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the
protocols here. Following approach can create a valuable beginning:

Explain the value (significance) of the study

e  Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.
®  Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

e  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 with every section. If you make the four points listed above, you will need a
least of four paragraphs.
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®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

e  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, 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 sound written Procedures segment allows a capable scientist to
replacement 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 for the least amount of information that would permit another capable scientist to spare 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 object, mention the specific item describing a way but draw the basic
principle while stating the situation. The purpose is to text 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:

®  Explain materials individually only if the study is so complex that it saves liberty this way.
®  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.

e If use of a definite type of tools.

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

®  Report the method (not particulars of each process that engaged the same methodology)

®  Describe the method entirely

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

e  Simplify - details how procedures were completed not how they were exclusively performed on a particular day.

e |f well known procedures were used, account the procedure by name, possibly with reference, and that's all.
Approach:

® |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

®  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

®  Resources and methods are not a set of information.
®  Skip all descriptive information and surroundings - save it for the argument.
® 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 a 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. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated

in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.
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Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if
appropriate.

e  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.
What to stay away from

® Do not discuss or infer your outcome, report surroundings information, or try to explain anything.
L] Not at all, take in raw data or intermediate calculations in a research manuscript.

® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.

®  Never confuse figures with tables - there is a difference.
Approach

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

e |f you desire, you may place your figures and tables properly within the text of your results part.
Figures and tables

e |f you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts

®  Despite of position, each figure must be numbered one after the other and complete with subtitle
®  |n spite of position, each table must be titled, numbered one after the other and complete with heading

e Allfigure and table must be adequately complete that it could situate on its own, divide from text
Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a 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 implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally  accepted information, if  suitable.  The implication of  result  should be  visibly  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 with prospect, and let it
drop at that.

®  Make a decision if each premise is supported, 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

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

®  Give details all of your remarks as much as possible, focus on mechanisms.

®  Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
®  Tryto present substitute explanations if sensible alternatives be present.

®  One 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?

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

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
= Submit to generally acknowledged facts and main beliefs in present tense.
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THE ADMINISTRATION RULES

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get

rejected.

. The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis.

e Do not give permission to anyone else to "PROOFREAD" your manuscript.

®  Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.)
®  To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files.
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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 INC. (US)

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXIII

Grades

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 spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

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

E-F

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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