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Turbogenerator-System Controller Design Via
H>- Control Techniques

Anastasios K. Boglou®, Dimosthenis |. Pappas °

Abstract - In the present work an H* -control technique is
presented in concise form and applied to the design of
discrete optimal multirate-output controllers. The technique
used is based on multirate-output controllers having a
multirate sampling mechanism with different sampling period
in each measured output quantity of the system. It relies
mainly, under appropriate conditions, on the reduction of the
original H* -disturbance attenuation problem to an associated
discrete H* -control problem for which a fictitious static state
feedback controller is to be designed, even though some state
variables may not be available (measurable) for feedback
purposes. The discrete linear open-loop system model under
consideration (which includes a disturbance term) is
systematically derived from the associated continuous 3-
order MIMO linearized open-loop model of a practical power
system, having an 160MVA synchronous generator supplying
power to an infinite grid through a step-up transformer and an
appropriate transmission line. Through the obtained pertinent
simulation results the validity and practical usefulness of this
design control technique is assessed.

Keywords H” -control, disturbance attenuation,
multirate digital control, power system.

. INTRODUCTION

he H” - optimization control problem as known
has drawn great attention [1-17]. In particular,

the H™ -control problem for discrete-time and
sampled-data singlerate and multirate systems
has been treated successfully before [3-15]. Generally
speaking, when the state vector is not available for
feedback purposes, the H” - control problem is usually
solved in both the continuous and discrete-time cases
using dynamic measurement feedback approach.
Recently, a new technique [5,6,9] has been
presented for the solution of the H®™ -disturbance
attenuation problem. This technique is based on optimal
multirate-output controllers (OMOCs) and, in order to
solve the sampled-data H™ - disturbance attenuation
problem, relies mainly on the reduction, under
appropriate conditions, of the original H® -disturbance

attenuation problem to an associated discrete H”.
control problem for which a fictitious static state-
feedback controller is to be designed, even though
some state variables are not available for feedback use.

In the present work the ultimately investigated
discrete linear open-loop power system model was

Author “  Professor, Technological Education Institution (TEl) of
Kavala Faculty of Applied Technology, St Loukas, 654 04 Kavala,
GREECE, E-mail : akbogl@teikav.edu.gr

Author® . Technological Education Institution (TE]) of Kavala Faculty of
Informations Management Kavala, GREECE,

obtained through a systematic procedure using a
linearized continuous 3" -order MIMO open-loop model,
containing an input disturbance, representing a practical
power system having an 160MVA synchronous
generator supplying power to an infinite grid through a
step-up transformer and transmission line [18]. The
digital controller leading to the associated designed
discrete closed-loop power system model is displaying
enhanced dynamic stability characteristics, and it is
accomplished by applying properly the presented OMC
technique.

I1. OVERVIEW OF RELEVANT
MATHEMATICAL CONSIDERATIONS
The general description of the controllable and
observable continuous, linear, time-invariant,

multivariable  MIMO dynamical open-loop system
expressed in state-space form is

X(t) = Ax(t) + Bu(t)
O
y(t) = Cx(t)
where: X(t) e R" u(t) e R™, y(t) e RP are
state, input and output vectors respectively; and A, B
and C are real constant system matrices with proper
dimensions.
The associated general discrete description of
the system of eq. (1) is as follows
x(k +1) = Ax(K) + Bu(k)
y (k) = Cx(k)
Wherex(k) e R", u(k)eR™, y(k)eRP
are state, input and output vectors respectively; and A,

B and C are real constant system matrices with proper
dimensions.

[11. BRIEF REVIEW OF Hoo-CONTROL WITH
OMOC

Consider the controllable and observable
continuous linear state-space system model in the
following general form

X(t) =Ax(t)+Bu(t)+Dq(t) x(0)=0

Y (1) = CX(1) + J,u(t)
y.()=Ex(t) + J,u(t)

@)

(3a)

(3b)

© 2012 Global Journals Inc. (US)
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where: x(t)eR" u(t)eR™ q(t)e Ldzl

Y =€R™ Y () eR™ a5 the state, input,
external disturbance, measured output and controlled
output vectors, respectively. In equ. (3) all matrices have
real elements and appropriate dimensions. Next follows
a useful definition.

Definition For an observable matrix pair (A' C)

,with CT = [CI C; ] and ¢, with i=1, ...,py,
1

the th row of the matrix C, a collection of P, integers

{nl, Nyyoeey npl} is called an observability index vector

of the pair (A,C) if the following relationships hold
simultaneously ’

rank {clr

The multirate sampling mechanism shown in
Fig. 1. is applied to eq. (3).

Q(RTQ) ¥, (kTo)
_ f—s
[(+1)7, ] u(kT,) u(y| PLANT |y (1)
. >@— Z.0H

MULTIRATE L #(kT,)

SAMPLING

Fig. 1 . Simplified block diagram for the control of linear
systems using OMC technique

Assuming that all samplers start simultaneously
att = 0, a sampler and a zero-order hold with period To
is connected to each plant input u; (1) , i=12,...m
such that

u®)=u(kT,) , telkT,,(k+1)T,) )

while the ith disturbance i (t), i=1,....d, and
the ith controlled output Y¢;i(t), i=1,....p,, are
detected at time KT,, such that for

t e [kT,, (kK +1)T,)
q)=a(kT,) » ¥c(KTo) =Ex(KT,)+J2(KT,) ()

where (Jo); isthe ith row of the matrix J,.

al Journals Inc. (US)

The ith measured output Y m; (1), i=1,..., Py i
detected at every T period, such that
L=0.,..,N, -1

for

Ymi (KTy +uT;) = ¢, x(KTy +puT,) +(J,), u (kT,)

Here N, € Z" are the output multiplicities of
the sampling and T, € R" are the output sampling

periods having rational ratio, i.e. T, =T,/ N; with
i=1,...,P1.

The sampled values of the plant measured
outputs obtained over [KT,,(K+1)T,) are stored in

the N’ -dimensional column vector given by

K)= Vo (KTy) -+ Vs (KTy + (N, ~D T)...
J/m,pl(/(7z-7)J/m,pl[/(7z-7+(/Vpl _1)7;71]]7- (7)

fcv)vrl'rfre N’ Z N, ), which is used in the OMC in the

u[(k + )T, ] = L u(kTy) - L (kT,) 8
where L,eR™, L, e R™N ,
Assumptions:

a) The matrix triplets (A, B,C) and (A,D,E) are
stabilizable and detectable.

) k_A D d
) ran C 0, =n+q,
k_A B D d
ran C g, O =N+m+
C) ‘];[E ‘JZ]:[Omxn Imxm].

d) There is a sampling period T,, such that the
open-loop discrete-time system model in general
form becomes

x[(k +1)T,] = ®x(kT, )+ Bu(kT, )+ Dg(kT, )

Y. (KT, )= Ex(kT, )+ J,u(KkT,) )

where
T,
® = exp(AT,), (B.D)= [exp(Ar)B.D)dL  (10)

0



is stabilizable and observable and does not have
invariant zeros on the unit circle.
Consequently it follows that the procedure for

H” -disturbance attenuation, using OMC essentially
consists in finding for the control law a fictitious state
matrix F which equivalently solves the problem, and then

either determining the OMC pair (LY , Lu) or choosing

a desired Lu and determining the Ly. Based in [3]
matrix F takes the following form

F=(1+B"PB)'87Po

where P is an appropriate solution of the
following Riccati equation

P=E'E+®"P®-®'PB(1+B'PB) BP®
+PD,(1+D]PD, o7
A (11)

[t is to be noted that yeR*, such that

HTqyc (Z)H >y where HTqyc (Z)Hw is the H*-norm of the

proper stable discrete transfer function T, (z), from

sampled-data external disturbances G(KT,) € £5 1o

sampled-data controlled output Y, (KT,)

Once matrix F is obtained the OMC

matrices Ly and L, (in the case where L, is free)
can be computed as follows

L, =[F 0,,H+Al, ,-H o)
~ ~ (12)
L,={F o, A+Al, , -[H o e,
where |:|[H ®q]=| and A e R™V is an
arbitrary  specified matrix. In the case where
Lu = Lu,sp, we have

L, =[F Liy OpulP+..

w30, -0 e, oA (13)

where |:| H 0, 0.,|=I g mxN"
is arbitrary. [ ! q] 2eR

_ The explicit expressions for
H, H, H, A, @, and ©,aregivenin [58].
The resulting discrete closed-loop system

matrix (Ac”d) takes the following general form

Acl/d :Aolld _BoI/dF (14)

where ¢l =
discrete.

[V. OMOC DESIGN AND SIMULATIONS OF
RESULTING DISCRETE CLOSED-LOOP
POWER SYSTEM MODEL

The power system under study is taken from
[18] and is shown here in Fig. 2 (it consists of an
160MVA synchronous generator with conventional
exciter supplying power through a transformer and a
transmission line to an infinite grid).

closed-loop, ol = open-loop and d =

AE
FD

1+K 1308

o)

Fig. 2 : Simplified representation of investigated
practical power system.

The continuous open-loop model describing
this power system (taken from [18]) in the form of eq. (1)
(with p;=4 and p,=8) is as follows

% 0 377 0 Tx
X, |=]-0.1030 -0.1818 -0.1209 || x, |+
.| [-03001 0  -55517]|x,
X3
0 0
AT,
+| 0.0909 0
AEFD
0 01695
X
v 1 0 0
y, |=|~0.0433 0 04777|
X3

Based on the transformed continuous open-
loop power system model, the associated discrete one,
in relation to equs. (3a), (3b), is given in Appendix B.

Where:
x=|6 @ B,| u=[aT, AE,,] q=u

© 2012 Global Journals Inc. (US)
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ym=[5 Vz]r, )/C:X’ E=|3X3’
'-]1202)(2’ J2:O3)Q

The associated computed discrete linear open-
loop power system model, based on the above
linearized continuous open-loop system model, is given
in Appendix B with a properly selected sampling period,

[01790 -0.4971
1 -0.0233 0.0655

L, =10 ><|:

0.0110

B {—0.2299 30.1281

The magnitude of the eigenvalues of the
discrete original open-loop and of the designed closed-
loop power system model are shown in Table 1.

7able 1 - Magnitude of eigenvalues of discrete original
open-loop and designed closed-loop power system
models.

0.9342
0.9342
0.9539
0.5524
0.5524
0.8817

Original open-loop
power system
model
Designed closed-
loop power
system model

[

N

The simulated responses of the output variables
(8, o, v) of the discrete original open-loop and designed
closed-loop power system models, for zero initial
conditions and unit step input disturbance, are shown in
Fig. 3 and Fig. 4.

By comparing the computed eigenvalues of
the simulated responses of the discrete original open-
loop power system model and the associated designed
discrete closed-loop models, it is clear that the resulting
enhancement in the dynamic system stability of the
closed-loop system model is remarkable.

It is to be noted that the solution results of the
discrete system models (i.e. eigenvalues, eigenvectors,
responses of system variables etc.) for zero initial
conditions were obtained using a special software
program (which is based on the theory of § 2 and runs
on MATLAB program environment).

© 2012 Global Journals Inc. (US)

—24.1404 52.3042
-0.6778 0.6982

—-0.0444 0.1082
0.0022

i.e. T, = 0.25sec

Based on Fig. 1 and using the H* -control with
OMCOs and the computed discrete linear open-loop
model of the power system under study, the discrete
closed-loop power system model is designed,
considering the case with y=5.68 and the computed
values of K, L, and F feedback gain matrices which are:

-30.1999
0.6985

—0.0329}

-0.2976 0.3434

—0. 9726}

0.35

0.251 b

6(rad.)

0.151

0.11

0.05(

120

No. of samples

-0.01 |- B

-0.02

vi(p.u.)

-0.03 |- B

-0.04

-0.05 |-

-0.06 -

-0.07 -

! ! I I
0 20 40 60 80 100

-0.08 120

No. of samnles
Fig. 3 Responses of  and v; outputs subject to unit
step input change and external disturbance where: (a)
and (b) refer to discrete open-loop and closed-loop to
step input change AT,=0.05 and AEp=0.0p.u., () and
(d) refer to discrete open-loop and closed-loop to step
input change AT=0.10 and AEgp=0.0p.u.)
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Fig. 4 . Response of o output subject to unit step input
change and external disturbance where: (a) and (b) refer
to discrete open-loop and closed-loop to step input
change: (A): AT,,=0.05 and AE-;=0.0p.u., and (B):
AT,,=0.10 and AE,=0.0p.u.

In Fig. 5, the maximum singular value of
T, (2) is depicted, as a function of the frequency .

Clearly, the

”Tqyc(z)”w 35'68, is satisfied. Moreover, as it can be
easily checked the poles of the closed loop system , lie
inside the unit circle. Therefore, the requirement for the
stability of the closed-loop system is also satisfied.

Not that, in the case of unsaturated machine the
H” -norm of the open-loop system transfer function
between disturbances and controlled outputs has the

value ||C(ja)l—A)‘1D||w:71.9845 while  the

minimum achievable disturbance attenuation level is v,
=0.325.

design requirement
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Fig. 5. The maximum singular value of Tqy,(z) over w,
for the unsaturated machine and for y=5.68.

V.  CONCLUSIONS

An H” -control technique based on optimal
multirate-output  controllers (OMOCs) has been
presented in concise form for the purpose of attenuating
in an effective manner system disturbances which
otherwise degrade the performance of the synchronous
machine. The application of the OMOC technique on the
obtained discrete open-loop power system model
yielded the associated (or designed ) discrete closed-
loop power system model. The respective simulation
results of the open- and closed-loop models
demonstrated clearly that the dynamic stability
characteristics of the closed-loop model is far more
superior than the associated one of the open-loop
model. Therefore the presented H” -control technique
proved to be a reliable tool for the design of
implementable OMCOs.
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APPENDIX A

Numerical values of the system parameters and
the operating point (p.u. values on generator ratings)

Turbogenerator:
160 MVA, 2-pole, pf=0.894, x;=1.7, X=1.6, X' 4=0.245p.u.

T 90 =5.9, H=5.5s; wg=377rad/s D=2,0p.u.
External system.
R~=0.02, Xs=0.40p.u. (on a160 MV A base).

Operating point:

Po=1.0, Qp=0.5, Erpy=2.5128, E4,=0.9986, V,x=1.0,
Tmo=1.0p.u.,; 6o=1,1966rad; K;=1,1330, K,=1.3295,
K3=0.3072, K,=1.8235, K5=-0,0433, Ks=0.4777.

APPENDIX B

Constant matrices of discrete open-loop power
system model based on Figs. 1 and 2 with sampling
period To=0.25sec.

00543 59.8421
A, =| -0.0155 0.0255

-1.0910
-0.0176

~0.0463 -2.7891 0.9011
0.8620 —0.0170
B, =| 00144 —-0.0005

-0.0234 0.0399

1 0 0
Col/d =
-0.0433 0 04777

0.08620 -0.0170
0.0144 -0.0005
-0.0234 0.0399

Dol/d =
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Linear Kalman Filter Algorithm with Clarke
Transformation for Power System Frequency
Estimation

Soliman Abdel-Handy*, A.M. Al-Kandari® R.A.Alammari

Absiract - This paper presents a new application for linear
Kalman filter algorithm for power system frequency estimation.
The filter uses the digitized samples of the three-phase
voltages or current waveform signals. These three phases are
transformed into two a3y -phases, using the well-known

o}y -transformation matrix. Having obtained the signal of the
two new phases, a complex phasor is constructed using the
new two-phase voltages. Kalman filter is then applied to
extract the frequency and phase angle of the fundamental
component of the complex and actual recorded phasor. The
proposed algorithm is tested on simulated data at different
conditions for the three phase signals; noise free and
balanced three phase signals, unbalanced three-phase
system and harmonics contaminated three phase signals. It
has been shown that the proposed filters with the proposed
transformation are succeeded to estimate the signal frequency
at off nominal, near nominal and at nominal frequency.

Keywords . Linear Kalman filter, frequency estimation,

af3-transformation.

[. INTRODUCTION

n accurate measurement for power system
Afrequenoy as well as the voltage amplitude is

essential in power system digital control and
protection. The deviation of the system frequency from
nominal frequency is an indication for the system
unbalance. If the system frequency is below the nominal
frequency, the load-shedding relay must shed the
unimportant loads on the system to retain the system
frequency to its nominal value. If the system frequency is
above nominal frequency the generator governors must
decrease the generator-input power to retain the
frequency to its nominal value. As such, the power
system frequency can be considered as a measure to
the power balance in the system.

Many techniques have been proposed over the
last twenty-five years for measuring digitally the power
system frequency. Recently Ref. [1] presents an
approach for measuring the system frequency using the
complex extended Kalman filter and the well-known o3
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transformation, by this transformation a nonlinear state
space formulation is obtained for extended Kalman filter.

The orthogonal FIR digital filter with least error
squares algorithm are applied in Ref.[2] for measuring
the operating frequency of a power system. The
proposed algorithm in this reference was able to
produce a correct and noise free estimate for near
nominal, nominal and off-nominal frequency in about 25
ms.

The same algorithm with some modifications to
reduce the computing time and improve the resolution is
implemented in Ref. [3]. This algorithm has beneficial
features including fixed sampling rate, fixed data
window size and easy implementation.

Refs.. [4-6] present two orthogonal filters for
power system frequency estimation. The essential
property of the algorithms proposed in these references
is that their outstanding immunity to both signal
orthogonal component magnitudes and FIR filter gains
variations. All the algorithms use the per-phase digitized
voltage samples.

Prony's estimation is applied in Ref. [7] for
measuring the system frequency together with the
discrete Fourier transform (DFT) with a variable data
widow to filter out the noise and harmonics associated
with the signal. The static state estimation algorithms
have been used in power systems measurements. The
static least error squares algorithm is implemented in

Refs.{15] and [16], while the dynamic estimation
algorithms have been implemented in Ref.[17], these
including linear and nonlinear Kalman filtering

algorithms. Most but all of these algorithms use the per-
phase digitized samples to estimate the system
frequency. Each algorithm implemented up till now has
its own figure of merit, and is only suitable for the
system it works with. Also, all the available algorithms
are either tested off-line or on-line, and they produce, in
most cases, good estimates for the purposes they are
designed for.

The design of an extended complex Kalman
filter for the measurement of power system frequency
has been presented in Ref. [1]. A complex model has
been developed to track a distorted signal that belongs
to a power system. The model inherently takes care of
the frequency measurement along with the amplitude
and phase of the signals. The proposed algorithm is
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suitable for real-time applications where the
measurement noise and other disturbances are high.
Ref. [2] proposes a precise digital algorithm based on
Discrete Fourier Transforms (DFT) to estimate the
frequency of a sinusoid with harmonics in real-time. This
algorithm is called the Smart Discrete Fourier
Transforms (SDFT) smartly avoids the errors that arise
when frequency deviates from the nominal frequency,
and keeps all the advantages of the DFT e.g., immune
to harmonics and the recursive computing can be used
in SDFT.

Ref. [3] presents an analysis of methods for
tracking the fundamental power frequency to see if they
have the performance necessary to cope with the
requirements of future protection and control equipment
and are robust enough to cope with the more
demanding nature of modern power system conditions.

An approach based on extended Kalman filter
(EKF) for the measurement of power system frequency
has been presented in Ref. [4]. The design principles
and the validity of the model have been outlined in this
reference. The performance of the proposed filter has
been compared with some of the existing methods for
estimating the frequency of a signal under noisy
conditions. The feasibility of the proposed filter has been
tested in the laboratory under worst-case measurement
and network conditions, which might occur in a typical
power system. Also, the proof of the stability for the
proposed filter has been discussed for a single
sinusoid. It has been found that the proposed algorithm
is suitable for real-time applications especially when the
frequency changes are abrupt and the signal is
corrupted with noise and other disturbances due to
harmonics.

Ref. [5] presents a unified power signal
processor (PSP) for use in various applications in power
systems. The introduced PSP is capable of providing a
large number of signals and pieces of information which
are frequently required for control, protection, status
evaluation, and power quality monitoring of power
systems. The PSP receives a set of locally measured
three phase voltage and current signals and provides
their fundamental components, amplitudes, phase
angles, frequency, harmonics, instantaneous and
stationary symmetrical components, active and reactive
currents and powers, power factor, and the total
harmonic distortion. Simplicity and integrity of its
structure as well as its robustness with respect to
internal parameters and external disturbances and noise
render the proposed scheme very attractive for practical
implementations.

An improved recursive Newton-type algorithm
suitable for various measurement applications in electric
power systems is presented in Ref. [6]. It is used for the
power system frequency and spectra estimation. The
recursive algorithm form is improved with a strategy of
sequential tuning of the forgetting factor. By this, the
proposed algorithm convergence and accuracy are

© 2012 Global Journals Inc. (US)

significantly improved. A method for estimation of
power frequency and its rate of change is presented in
Ref.[7]. Unlike conventional methods which are based
on the concept of linearization, the proposed scheme
accommodates the inherent nonlinearity of the
frequency estimation problem. This makes the method
capable of providing a fast and accurate estimate of the
frequency when its deviation from the nominal value is
incremental or large. The estimator is based on a newly
developed quadrature phase-locked loop concept. The
method is highly immune to noise and distortions. The
estimator performance is robust with respect to the
parameters of its structure. Structural simplicity and
performance robustness are other salient features of the
method.

Ref. [8] introduces a phase-locked loop (PLL)
system. The proposed system provides the dominant
frequency component of the input signal and estimates
its frequency. The mechanism of the proposed PLL is
based on estimating in-phase and quadrature-phase
amplitudes of the desired signal. The PLL provides a
superior performance for power system applications.
Advantages of the proposed PLL over the conventional
PLLs are its capability of providing the fundamental
component of the input signal which is not only locked
in phase but also in amplitude to the actual signal while
providing an estimate of its frequency. An approach to
the design of a digital algorithm for local system
frequency estimation is presented in Ref. [9]. The
algorithm is derived using the maximum likelihood
method. One sinusoidal voltage model was assumed.
FIR digital filters are used to minimize the noise effect
and to eliminate the presence of the harmonics effect.
This technique provides accurate estimates with error in
the range of 0.005 Hz in about 25 ms and requires
modest computations.

A numerical differentiation-based algorithm for
high-accuracy, wide-range frequency estimation of
power systems is proposed in Ref. [10]. The signal
includes up to 31st-order harmonic components. Using
the central numerical differentiation of multi-points on
the basis of Lagrange interpolation, the estimated
frequency of nonsinusoidal signals of power systems
can be measured at an accuracy of 99.999% over a
wide range of from 10 to 100 Hz with fundamental
amplitude varying from 100 to 300 V and with a
fundamental phase angle varying from 0 to 360. The
proposed algorithm needs at most two cycles or 40 ms
for estimation of frequency over 40 to 60 Hz and needs
at most three cycles or 60 ms over 10 to 40 Hz or 60 to
100 Hz.

The design of an extended complex Kalman
filter for the measurement of power system frequency
has been presented in Ref. [17]. A complex model has
been developed to track a distorted signal that belongs
to a power system. The model inherently takes care of
the frequency measurement along with the amplitude
and phase of the signals. The proposed algorithm is



suitable  for real-time applications where the
measurement noise and other disturbances are high.
Ref. [18] proposes a precise digital algorithm based on
Discrete Fourier Transforms (DFT) to estimate the
frequency of a sinusoid with harmonics in real-time. This
algorithm is called the Smart Discrete Fourier
Transforms (SDFT) smartly avoids the errors that arise
when frequency deviates from the nominal frequency,
and keeps all the advantages of the DFT e.g., immune
to harmonics and the recursive computing can be used
in SDFT.

Ref. [19] presents an analysis of methods for
tracking the fundamental power frequency to see if they
have the performance necessary to cope with the
requirements of future protection and control equipment
and are robust enough to cope with the more
demanding nature of modern power system conditions.

An approach based on extended Kalman filter
(EKF) for the measurement of power system frequency
has been presented in Ref. [20]. The design principles
and the validity of the model have been outlined in this
reference. The performance of the proposed filter has
been compared with some of the existing methods for
estimating the frequency of a signal under noisy
conditions. The feasibility of the proposed filter has been
tested in the laboratory under worst-case measurement
and network conditions, which might occur in a typical
power system. Also, the proof of the stability for the
proposed filter has been discussed for a single
sinusoid. It has been found that the proposed algorithm
is suitable for real-time applications especially when the
frequency changes are abrupt and the signal is
corrupted with noise and other disturbances due to
harmonics.

Ref. [21] presents a unified power signal
processor (PSP) for use in various applications in power
systems. The introduced PSP is capable of providing a
large number of signals and pieces of information which
are frequently required for control, protection, status
evaluation, and power quality monitoring of power
systems. The PSP receives a set of locally measured
three phase voltage and current signals and provides
their fundamental components, amplitudes, phase
angles, frequency, harmonics, instantaneous and
stationary symmetrical components, active and reactive
currents and powers, power factor, and the total
harmonic distortion. Simplicity and integrity of its
structure as well as its robustness with respect to
internal parameters and external disturbances and noise
render the proposed scheme very attractive for practical
implementations.

An improved recursive Newton-type algorithm
suitable for various measurement applications in electric
power systems is presented in Ref. [22]. It is used for
the power system frequency and spectra estimation.
The recursive algorithm form is improved with a strategy
of sequential tuning of the forgetting factor. By this, the
proposed algorithm convergence and accuracy are
significantly improved. A method for estimation of

power frequency and its rate of change is presented in
Ref.[23]. Unlike conventional methods which are based
on the concept of linearization, the proposed scheme
accommodates the inherent nonlinearity of the
frequency estimation problem. This makes the method
capable of providing a fast and accurate estimate of the
frequency when its deviation from the nominal value is
incremental or large. The estimator is based on a newly
developed quadrature phase-locked loop concept. The
method is highly immune to noise and distortions. The
estimator performance is robust with respect to the
parameters of its structure. Structural simplicity and
performance robustness are other salient features of the
method.

Ref. [24] introduces a phase-locked loop (PLL)
system. The proposed system provides the dominant
frequency component of the input signal and estimates
its frequency. The mechanism of the proposed PLL is
based on estimating in-phase and quadrature-phase
amplitudes of the desired signal. The PLL provides a
superior performance for power system applications.
Advantages of the proposed PLL over the conventional
PLLs are its capability of providing the fundamental
component of the input signal which is not only locked
in phase but also in amplitude to the actual signal while
providing an estimate of its frequency. An approach to
the design of a digital algorithm for local system
frequency estimation is presented in Ref. [25]. The
algorithm is derived using the maximum likelihood
method. One sinusoidal voltage model was assumed.
FIR digital filters are used to minimize the noise effect
and to eliminate the presence of the harmonics effect.
This technique provides accurate estimates with error in
the range of 0.005 Hz in about 25 ms and requires
modest computations.

A numerical differentiation-based algorithm for
high-accuracy, wide-range frequency estimation of
power systems is proposed in Ref. [26]. The signal
includes up to 31st-order harmonic components. Using
the central numerical differentiation of multi-points on
the basis of Lagrange interpolation, the estimated
frequency of non-sinusoidal signals of power systems
can be measured at an accuracy of 99.999% over a
wide range of from 10 to 100 Hz with fundamental
amplitude varying from 100 to 300 V and with a
fundamental phase angle varying from 0 to 360. The
proposed algorithm needs at most two cycles or 40 ms
for estimation of frequency over 40 to 60 Hz and needs
at most three cycles or 60 ms over 10 to 40 Hz or 60 to
100 Hz.

This paper presents a new application for linear
Kalman filter algorithm for power system frequency
estimation. The filter uses the digitized samples of the
three-phase voltages or current waveform signals.

These three phases are transformed into two af}y -

phases, using the well-known oaf}y -transformation
matrix. Having obtained the signal of the two new
phases, a complex phasor is constructed using the new
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two-phase voltages. Kalman filter is then applied to
extract the frequency and phase angle of the
fundamental component of the complex phasor. The
proposed algorithm is tested on simulated data at
different conditions for the three phase signals; noise
free and balanced three phase signals, unbalanced
three-phase system and harmonics contaminated three
phase signals. It has been shown that the proposed
filters with the proposed transformation are succeeded
to estimate the signal frequency at off-nominal, near
nominal and at nominal frequency. Also, the proposed
algorithm is tested on actual recorded data generated
from EMTP.

[I. MODELING THE VOLTAGE SIGNALS [1]

The three phase voltages of the power systems
can be written at any sample k, k=1,..,..,.m, m is the total
number of samples available, as:

Va(k) = Vmasin(a)kAT+¢a ) +¢a(K)
Vi (K) = Vi sin(wkaT + ¢, ~120) + ¢b (K) M

Ve (k) =Vicsin(wkaT +4, +120) +¢c(k)

Vi isthe signal amplitude
w isthesignal nomina

frequency

Is the sampling time=
AT 1

Fs

I:Sis the sampling

frequency
k is the sampling step;

k=1.,m
¢ isthe signal phase angle
¢, (k), ¢, (k) arethenoisetermswhich
£ (K) may contain harmonics

The well-known of - transformation ( Clarke
Transformation) for the three-phase signal is given as:

K 1 -05 -05]Va(k
Raikq = \Elo V3 —\@} Vo (K) ©)
/ 2 2 Jv®

The above equation can be rewritten as:

v, (K) = \E[va(k) — 0.5vp (k) — 0.5v¢ (k)] (3)

2/ 3 V3
v (K) =\/12Vb(k) _2Vc(k):| 4)

For m samples of the three-phase signal, then
m samples for Vi (K), V3 (K) are obtained. By using
this transformation, the harmonics of order three and
their multiple are suppressed. Equation (3) and (4) give
the transformed voltage v,, (k) and vz (k) at any sample
k. The complex voltage formed from these two voltages
which having the same frequency ® and phase angle
@ as the original three phases is:

v(k) = v, (k) + jv, (k) -
:V(k)ej (kAT +¢)

Where the amplitude V(k) of the complex signal
is calculated at any sample A as:

V(K) = M2 (k) +v2 (k)|

and its rms value is

6)

VK= %Zm:[vj(k) V2 (K)] (7)

Equation (6) gives the value of complex voltage
at any instant k, while eluation (7) can be used to
calculate the rms value of the complex voltage signal,
while.

The phase angle of this transformed voltage is
4 Vs(K)
v, (K)

Comparing equation (8) with equation (5), we
can calculate the frequency of the voltage signals as;

(k) = tan

8)

(k) = 27KTF (K) + #(K) 9)

Now, m samples are available for the phase
angle of the transformed voltage @ (K). Define

X, (k) = f(k);
X, (K) = p(Kk)
and

h,(K) = 27kAT
hz(k) =1

Then

(11)

X, (k
0(k) =[h, (k) hz(k)]{ Xlikﬂ



For m samples available for € (K), equation (11)
can be written as:

Z(k) = H(k) X (k) + £ (k)

Where Z(k) is mx1 vector of phase angle € (K) at
any instant k, H(k) is mx2 measurement matrix whose
elements depend on the sampling frequency and can
be calculated off-line for a pre-specified sampling
frequency. X (K) is 2x1 state vector to be estimated and
£ (K) is mx1 noise vector to be minimized.

- The state space equation for the two-state
model can be written as:

X(k+1) = ¢ (k) X(K) + v (K) (13)

Where @ (K) is a 2x2-identity matrix, and is called
the state transition matrix, 1K) a is 2x1-noise vector
associated with the states when they are moving from k
to k+1 sample. Now, equation (12) and (13) are suitable
for Kalman filter implementation. Before going further let
us interpret equations (6) and (8). Equation 6 gives
the amplitude of the complex phasor formed from the
two orthogonal voltages V4 and V. If the three phase
voltages are balanced and are noise and harmonics free
signals, this amplitude will be constant amplitude. Also,
equation 8 gives the phase angle of this complex
phasor. For the same balanced conditions, the rate of
change of this phase angle, which is the speed of
rotation of the complex phasor, will be constant and
equals to the nominal angular velocity of the original
three-phase signals. As such, the frequency of the will
be constant during the data window size, and the locus
of the complex phasor is a circle as shown in Figuret,
by the dashed curve. However, if the three phases are
unbalanced, then the locus of the complex Phasor will
be just a closed curve as shown in Figurel. By plotting
the complex Phasor the following advantages could be
obtained

e |t provides
balance.

e |t provides information about noise and harmonics
contamination to the three-phase system.

e |t provides information about the
frequency.

e Also, due to the nature of the af} -transformation,

harmonics of order three and its multiple are
suppressed
Avﬁ

E

(12)

information about the system

system

v <

Figure 7 The locus of the complex phasor

TESTING THE ALGORITHM USING
SIMULATED DATA

a) A balanced and noise free system

The proposed algorithm is tested using
samples of a balanced and noise free three-phase
system. The voltage amplitude is 1.0 p.u and the phase
angle is -2.1 radian. The signal frequency is varied from
45-51 Hz. The three phase voltage signal are sampled at
3000 Hz (60 sample per cycle) and a data window size
of 48 sample (0.8 cycle) is used in the estimation
process. Figures 2 - 4 give the estimated frequency,
phase angle and the amplitude of the complex phasor.
Examining these figures reveals the following remarks.

e The proposed technique produces accurate
estimates for the system frequency ranging from 45
to 51 Hz, i.e. accurate estimates are obtained for off-
nominal, near nominal and at nominal frequency.

e The estimated phase angle is accurate and
constant independent of the signal frequency.

e The amplitude of the complex phasor is also

accurate and equals to the actual value at all the
assumed frequency range.
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Figure 3 The estimated phase angle

b) Unbalanced Three-phase Voltage Signal

The proposed algorithm is tested when there is
unbalance between phases. Here, we use V, = 1.0 p.u,
Vp= 1.1 p.u and V=0.9 p.u, while the phase angle is -2.1
radian. The same sampling frequency, 3000 Hz, and
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number of samples 48 samples are used. Figures 5-7
give the results obtained. Examining these figure reveals
the following remarks, solid lines are the actual values,

e (Good estimates are obtained when the signal
frequency is 45, 48, 50, 51 Hz. Although there is
about 0.5 Hz errors for the signal frequency of 51
Hz, but it is acceptable error for such unbalanced
system.

s
=
]

1.0%

The complex phaser magnitude(p.u)

=
=
=

0 20 40 =]

Sampling step
Figure 4 . Amplitude of the complex phasor

e The phase angle estimate is a good quality estimate
at all the four frequencies of the signal, and there is
a maximum error of about 0.1 radian (4.76 %),
which is acceptable error in this unbalanced case.

e Figure 7 gives the amplitude of the complex phasor
when the signal frequency is 50 Hz. It can be
noticed that the amplitude is a time varying (figure 1
solid curve), but the rms. value over the estimation
period gives almost the actual value of the
amplitude.
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Figure 5 : Estimated frequencies

As such, we can conclude that the system
unbalance and the degree of this unbalance have a
great effect on the system estimates. Actually, that is
true, if one examines Figure 1 carefully, he can notice

© 2012 Global Journals Inc. (US)

that the amplitude as well as the argument of the
complex phasor will be changed from instant to instant,
if the phasor rotates on the solid curve.

IV. HARMONICS POLLUTION

In this test, the proposed algorithm is tested
with three-phase voltage signals contaminated with
harmonics. The signals contain 1 p.u fundamental, 0.12
p.u second harmonic, 0.3 p.u third harmonic and 0.05 p.u
fifth harmonic, all are balanced in the three phases.
Figure 8 gives the locus of the complex phasor, which is
not a circle; this means that this phasor has different
amplitudes and arguments from instant to instant.
Figure 9-11 give the estimated frequency, phase angle,
and voltage amplitude. The sampling frequency used in
this test is 3000 Hz and the data window size is 48
samples. Examining these figures reveals the following:

& The estimated frequency of the fundamental
component is affected by the presence of
harmonics in the voltage signal.
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Figure 7 : Estimated complex phasor amplitude
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The minimum frequency estimate for the
fundamental component is about 49.6 Hz (error = -
0.4 Hz, or -0.8 %), while the maximum frequency
estimate is 49.9 (error=-0.1 Hz, or -0.2 %), which
are considered good estimates for such polluted

signals. However, due to the nature of af-
transformation, the third harmonic has nothing to
do with the estimates

The average frequency estimate over the data
window size used in this test is about 49.75 Hz,
which is still a good estimate (error = -0.25 Hz, or -
0.5 %)

The phase angle estimate can be considered as
good as the signals are contaminated with
harmonics, and the average value is about -2.05
radian (error =-0.05 radian, or -2.3 %)

As we said earlier, the complex phasor amplitude
could be considered as a time varying amplitude,
with rms value almost equals to the actual value.

© 2012 Global Journals Inc. (US)

Global Journal of Researches in Engineering (F) Volume XII' Issue I Version I ﬂ January 2012



Global Journal of Researches in Engineering (F) Volume XII Issue I Version I E

V.  TESTING THE ALGORITHM USING
ACTUAL RECORDED DATA

The algorithm has also been tested using actual
recorded data for a practical system in operation. The
EMTP program is used to compute the three phase
voltages at a certain bus on a system during the
switching on of 500 kV transmission systems. Figure 12
gives the locus of the complex phasor formed by using
the three phase signals and the proposed
transformation. It can be noticed that, such a system is
unbalanced and highly contaminated with harmonics
system. These harmonics are not periodical waveforms.
The sampling frequency used in this study is 10 kHz (AT
= 0.1 ms) and a number of samples of 55 samples is
used. Figures 13-15 give the estimated frequency,
phase angle and the amplitude of the complex phasor.
Examining these figures reveals the following remarks.

51.00

S50.50

T T T T [ N

The estimated frequency(Hz)

S0.00

20 40 &0

Sampling step

Figure 13 : Estimated frequencies

e The estimated frequency of the fundamental
component is about 50.06 Hz, which could be
considered as an accurate estimate (error=0.06
Hz, or 0.12%).

e The phase angle estimate can be considered as a
good, and is a constant during the data window
size used in this analysis.

e Although the amplitude of the complex phasor
voltage is constant up to 79 % of the data window
size, but its value is about 0.95 p.u. As we said,
this value varies from instant to instant and does
give induction to the effect of distortion of the
three-phase signals amplitude.

© 2012 Global Journals Inc. (US)
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VI.  CONCLUSIONS

The main contributions of this paper are:

1. A complex phasor is developed which can be
used to provide information about the system
balance and harmonics contamination.

2. The linear Kalman filter is used to extract the
frequency and phase angle of the fundamental
component, using the argument of the complex
voltage phasor.

3. The three phase voltage signals are used to
estimate the system parameters, frequency,
phase angle and voltage amplitude, using the

well-knownaof3-transformation. Unlike the available
techniques, which use the per-phase voltage
samples to estimate the system parameters?

4. The estimate using this technique is slightly
affected by the noise and harmonics
contamination.

5. Direct estimates are obtained for the system
parameters, without modeling the three phase
voltage signals.
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APPENDIX

[11. LINEAR KALMAN FILTER ALGORITHM
[14]

In the implementation of Kalman filter, the
mathematical model for the system under consideration
should be in the state form as:

X(k+1) = ¢ (k) x(k) + @ (k)

and the observation(measurement) of the process is
assumed to occur at discrete points of time in
accordance with the relation

z(k) = H(K) x(k) + v(K)

Assume that we have a prior estimate x’(k), and
its error covariance matrix P(k); then the general
recursive filter equations are as follows

a) Compute the Kalman gain filter, K(K), as
K(K) = P(RQH'(IHKP (HT(K) + RK)] ™

b) Compute the error covariance for the update

PR=[1 - KIQH(K)] P(k)

¢) Update the estimate with the measurement z(k) as

x(K) =x(K) + K(K)[z(k)-H(K)x (K]

d) Project ahead, the error covariance and the
estimate

P(k+1) =¢ (k) P(k) ¢T(_k()k)+ Q(k) X(k+1) = 4 (K)
X

a) Initialization of the Kalman Filter

For off-line application, it is necessary to
initialize the recursive process of the Kalman filter, with
an initial vector x, and its initial covariance matrix Po.
Also, the system and measurement noise variances are
needed.

A simple  deterministic  procedure s
implemented to calculate the initial process vector, as
well as its covariance matrix, using the static least error
squares estimate of the previous measurements. Thus,
in general the initial process vector may be computed
as

X =[HH ™ H z
and the corresponding covariance error matrix is

Po=[H'H]'H'

© 2012 Global Journals Inc. (US)
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Analytical Study of a Solid Beam Driven Plasma-
Loaded Backward Wave Oscillator

Dilip Kumar Sarker®, Md. Mortuza Ali°, Diponkar Kundu®, Md. Galib Hasan®, Pallab Kanti Podder®

Absiraci- In this paper, an analytical expression comprising
linear instability phenomena leading to microwave generation
in a solid beam driven plasma-loaded backward wave

oscillator has been developed. This analytical treatment is a
process of three-wave interaction and is based on the
approximate linear theory of instability established for annular
beam driven vacuum backward wave oscillator. The
dispersion relation derived here is an approximate one and it
can be successfully employed to study a backward wave
oscillator system consisting of a sinusoidal corrugated
structure having very smaller corrugation depth.
Keywords . BWO, SWS, instability, plasma-loaded,
dispersion, corrugated structure.
[. INTRODUCTION

ackward wave oscillator (BWO) is a well-known
3 device which transforms the kinetic energy of

electron beam into microwave radiation [15]. In
this device an electron beam is injected into a slow
wave structure (SWS) with the guidance of a strong axial
magnetic field. During the propagation of beam through
the SWS it interacts with the normal electromagnetic
modes of the structure. This leads to a transfer of
electron kinetic energy to the radiation field. The BWO
operates at the vicinity on the dispersion curve, where
the group velocity of the structure wave is negative. This
causes a propagation of the wave energy against the
flow of beam electrons. That is why the device is so
named. The phenomenon of interaction among the
beam electrons and the normal modes of the BWO
structure can be expressed by a linear dispersion
relation.

This dispersion relation predicts the existence of
an instability that leads to the generation of microwaves.
It was found by some researchers that resonance
enhancement of microwave radiation can be achieved
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when a BWO operates in presence of background gas
and plasma [2,9]. With this achievement, it was also
found theoretically as well as experimentally that plasma
injection into the BWO structure enhances the power
output, interaction efficiency and spatial growth rates
much more than that of vacuum cases [1-8,11,16,17].
Effect of geometrical parameters of BWO structure on
the dispersion characteristics and instability phenomena
were presented by some researchers [12,14]. In some
dissertation, the resonance interaction in the BWO with
thin as well as thick annular electron beam has been
studied [4, 10]. In this paper, plasma-loaded BWO
structure having very smaller corrugation depth with
solid electron beam is selected. Thus, it becomes
possible to develop a simple analytical form of
dispersion relation. To do this work, the cubic dispersion
equation describing the frequency and wave number
perturbations of the three-waves involved in the
resonance interaction as developed earlier [13], is taken
as the base. With the realization of the merits of plasma
injection into the device, this theory for vacuum case
with an annular electron beam is modified and extended
for plasma-loaded BWO with a solid electron beam.

Section-2 of this paper contains model
description, formulation and pre-requisite comparative
studies about the accuracy and concreteness of the
SWS model and necessary assumptions. In section-3,
the derivation of the analytical dispersion relation has
been presented. Section-4 presents discussions and
conclusions.

II.  MODEL DESCRIPTION AND
FORMULATION

In order to derive the analytical dispersion relation,
a BWO system model as shown in Fig. 1 is considered.
It consists of a sinusoidally corrugated wall structure,
having very smaller corrugation depth, h (i.e., h<<R)
according to the relation:

R()= R, [1+a cos(k,2)] (1)

where, R(z)=the inner surface radius of the

structure; a=h/R,; ky=2n/z,; z,=period of corrugation.
of the structure inner wall.

© 2012 Global Journals Inc. (US)
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Plasma-filled
Corrugated wall
Waveguide

Z0=2TC/ko h

Figure 1. Plasma loaded sinusoidal corrugated slow
wave structure and electron beam model.

The structure filled completely and uniformly with
cold, collisionless and neutralized plasma of density N,
and a monoenergatic relativistic electron beam of
density N,. The beam is moving along the waveguide
axis with a velocity v, relative to the background plasma
with the guidance of a strong and infinite magnetic field
By. The numerical dispersion relation of this system, D(K,
o) = 0[14], where D is the value of the determinant of a
square matrix with elements D,, and k and o are
respectively the wave number and frequency.

w
1** slow harmonic

(n=-1)

=1

>

»
>

Kq k

Figure 2: Resonance of the zeroth beam and
electromagnetic first slow harmonic.

To derive the analytical expression for growth
rates at the saddle point of this system, the resonance
interaction of the zeroth beam harmonic with the
electromagnetic first slow harmonic (n=-1) as shown
in Fig.2 is considered. The approximate dispersion
relation for this case is given below:

[D—1—1 D—m} -0
Do-1

Doo
The matrix elements of the above relation are:

@
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D_11=1Jo(X11)
Doo =J0(Xp)
kok ,
D10 =|1+ 20 X0J0(Xo)
© 2
— ok 3)
2
kok_: a ,
Do-1=|1- 20 L 12X _13p(X 1)
L g2 2
2 1

Here,

(4)

YS(@—anb)z

[ et

where, ¢, m,, w,and v, are light velocity, plasma

frequency, beam frequency and light velocity
respectively, and 8,, = 0 unless n = -1; k, = (k +
Nky).

The oscillation frequency o, and hence the wave
number k, can be obtained by solving eq.(2) with o, =
0. However, for the zeroth approximation of the
corrugation depth, the approximate value of o, and k,
can be obtained by solving simultaneously the following
two equations.

2 2
R%[f—ﬁ—(kq - ko)2] [1—“)—;’} (Hos)?

Oq

)

og =KqVvp (6)

Here po, = 2.405, is the first zero of Jy(X,) in
absence of beami.e., X,= 0

Before approaching the derivation of the
analytical dispersion equation, the following two
comparative studies have been done, in order to verify
it's degree of accuracy. For a full period of wave number
of the corrugated structure, the  dispersion
characteristics of the corrugated as well as cylindrical
waveguide have been drawn on the same graph in
Fig.3, assuming the same average radius of the two
structures. The dispersion curve of the corrugated
structure is drawn with a corrugation period 0.02 cm,
using the numerical dispersion relation D(k, @) = 0, and
that of the cylindrical one is drawn using eq.(5) with (k,-
ko) replaced by k.
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cylindrical waveguides for TM,,; mode.

The curves of solid line and open circles
indicate the dispersion characteristics of corrugated and
cylindrical waveguides respectively. Here, it has been
carefully observed that, for very smaller corrugation
depth, the dispersion curve of the corrugated structure
within the range of wave number (0 < k < ky/2), coincide
completely with that of the cylindrical waveguide.
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Figure4 : Approximate oscillation frequency versus
plasma density characteristics.

This indicates the validity of the proposed
analytical expression for resonance interaction as
indicated in Fig.2. For the corrugated structure used in
this paper having very smaller corrugation depth (h =
0.02cm), approximate oscillation frequency wg/2m versus
plasma density N, curves shown in Fig.4 have been
drawn analytically as well as numerically in absence of
electron beam. Here analytical curve is drawn using the
equation that involves with the proposed expression and
the numerical curve is obtained from the full dispersion
relation [14].The curves of solid line and open circles
indicate the analytical and numerical results
respectively. In this observation, it is found that the
analytical results are in excellent agreement with the
numerical ones.

From the above two observations it is decided
hopefully that, analytical dispersion expression of three-
wave interaction (structure wave with n = 0, structure
wave with n = -1 and the beam space charge wave) can
be established successfully for the BWO structure used
in this paper.

[11. DERIVATION OF THE DISPERSION
RELATION

At modest beam densities, D.,(®qKyX,)'S
arround the root of D, (w,,KqX,=0) is given by Tailor's
series as,

D n (@, Kq. X )= Dn (0g. kq. Xpp = 0)
+5w%Dmn (0q. kg, Xp = o)+5k%omn (0q. kg, Xp = 0)
+ Xp %Dmn (U)q,kq,xb*O_w

k=kq ()
Xy =0

-3 .2

(O]

Here, Xp=—|——b | and s0=0- g, sk=k-kq
2
(0= knVp)

Therefore in presence of electron beam

, AX_ OX_
Dy :{JO(X,1)+J0(X,1{&D 60)1 +5leﬂ

®
k

q
q

o
k

Doo=|Jo(Xo)+Jo(Xg 50220, 5 Xa
oo ok

WO=0q

k=kq

x
o
=
o
|

D—lO =1+

, [ , 0Xp Y 0Xp
Xodp(Xp )|o=04 +| Xpdo(Xg)—=+ X Xgdp(Xg )—
X [ 0 0( 0)]k=qu ] b 0( O)axb b0 0( O)ax :|

kolkg ko) |a

2

C*g—(kq —k0)2

D0—1 =1+

a a
The terms 80)5 and SkE have been neglected.

Therefore, the solution of the determinant of eq.(2) is
given by:

{Jo(k_1)+ J’o(x_l)(sm P, Sk%ﬂ

oo ok
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2
< [Jo(ko) (xo)(&n 520 +ok 2o ﬂ =30

ok

kolkq —ko)

—3—( —kof

oX
{kon(%o)+ oo )+ 2035 (ko )}X5p ﬁ

Here, hy = X (0, ke, X, =

Defining

Equation (8) becomes,

Jo(hg)+ (g ) 0 —=L U Y
EER )

0w ok

X[J()(xo)ub(xo{m_omkm_oﬂ

om ok
2

BlaTk—l‘]b()“—l)[ko‘]b(XO) {Jo(k0)+koJo(7xo)}Xb2§—o} 9)

After simplification, neglecting the terms containing
%0, 5%k, dw 8k and

2
Jo(roPo(ro1)-B1 aTKok—lJb(Ko)Jb(L

original dispersion relation) yields,

equating

1) to zero (as it is the

, n My a2,
Jolio oo st s ok |-y 2 o) (10

oX
6 (ho)+ 2038 (1o)X 6)(—0
b

Finally, the following form of analytical dispersion
relation of a plasma loaded BWO is obtained:

(B —vpsk) 2 (3e - vgok) =

(1)

2
mﬁy*ﬁ a2 [ kz]
C 1
Where, A=- > > JJO(X{l) [1+x
o o 0p(ke —ko) 0(20)
0 2 3
Oq

36(7»0)}.
Jo(o) |

1 forigis imaginary

vg =<2

= ‘Zak’ and Jo(-1) [1+
“ Jo(ro)

L 300) ]
OT000) | |-

1forkgis real
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Eq. (11) is a cubic equation describing the frequency
and wave number perturbations of the three waves
involved in the resonance interaction.

The properties of the dispersion relation can be
conveniently investigated by converting eq.(11) into
dimensionless form in the following way [13]:

2

loa[3 ——|aA|35k‘vbvg/A‘
E

vg/vb§

1
3vg6k

afa

2 1
a3 (x - y)z[x _1J|QA|§ -
o

oA
oa]

(x-y)*(y—ax)=—u

(x-y)2(y-ax) =

Where, (1—— X,S_(D; y:5k_
Vg 1

oafa

Thus, the dimensionless dispersion relation is obtained
as,

D(X,Y) = (y-X)2(y—ax)+u =0 (12)

Equation (12) is quite simillar to that derived for vacum
BWO driven by annular electron beam [13].

In the BWO, the instability is absolute and this occurs
when the two roots of y in eq.(12) merge with one
another for some value of x with positive imaginary part.
This value of x can be found from the simultaneous
solutions to eq. (12) and eq. (13).

oD

=(y-X[RBy —(1+2a)x]=10
oy

(13)

The values of x at which the roots of y of the dispersion
relation merge are:

1
Xp=|—; 3 (-u)3
23(a-1)
3 in i5n
= {exp[?} -1, exp[TH, u=1 (14)
23(a-1)
3 i2n i4n
= 7 {1, exp[TJ, exp(TH, u=-1
23 (a-1)

And the three roots of y are:



Y1=5+S2 +%(2+a),

i2n idn X
L WO O R

=ex [M—njs +ex [Iz—njs +1(2+a)
Y3 =€Xp 3 1 P 3 213
Then the equation (12) can be rearranged as,

y3—xb0(2+(x)y2+x%0(1+2(x)y—ax%0+u=O (16)
where, Xy, is the X, in eq.(14) lying in the upper half
plane.

Using the values of x,, and y, (which merges with y, or

Ys) the values of 3o and 8k and thus the values of
complex —angular frequency ®, and complex

wavenumber k, at the saddle point can be obtained as:

1
80 = xpol0a|3;  k=—L—; 0= 80
,
VpVg [3
A
and K=K, +0k

The expression of group velocity, v is:

One can also express the arbitrary signal strength as,

. L .
—J{Jﬁ)iv— ik LJ
foce g

where, L is the distance traversed by the wave in time t
= L/ vy, and is equal to the axial length of the structure
and, o, and k, are the imaginary part of angular
frequency and wave number respectively.

V. CONCLUSION

This paper contains a derivation of an analytical
dispersion relation leading to microwave generation in a
plasma-loaded BWO. The analytical equation obtained
here, is limited in validity to the SWSs having very
smaller corrugation depth in comparison to the structure
average radius (i.e., h<<R,). This dispersion relation is
an approximate one and is applicable only in the vicinity
of the three-wave resonance point on the dispersion
curves. The resulting approximate dispersion relation is
cubic in both ® and k, which verifies the three-wave
nature of the interaction process involving two normal
modes of the SWS (which near resonance are merged
into a complex conjugate pair of solutions to the
dispersion relation) and a beam space charge wave.

(18)

From this cubic dispersion relation, temporal as well as

spatial growth rates of a solid beam driven plasma-

loaded backward wave oscillator can be computed and
analyzed with the variation of structure parameters and
plasma density.
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Robust H-infinity (H.,) Stabilization of Uncertain
Wheeled Mobile Robots

A.Dolly Mary ¢, Abraham T. Mathew °, Jeevamma Jacob ?

Absiract - This paper proposes a robust H-infinity control
design of a single unit differential type Wheeled Mobile Robot.
Mobile robots are non holonomic systems as their constraint
equations are not integrable. Considering the constraints and
combining the kinematics and dynamics of the system, a
linearized model is obtained. Taking into account the
exogenous inputs in the form of model uncertainties and
output disturbances, the augmented plant is formulated. The
H-infinity controller is designed such that the sensitivity of the
closed loop system is minimised. The proposed design
renders a robust controller such that the closed loop system is
internally stable and the effect of disturbances and model
uncertainties on some of the outputs is attenuated. Simulation
results showing asymptotic stability plot, disturbance response
and Robust Stability and Performance margins are found to be
satisfactory.

Keywords : H, control, robust conirol, wheeled rmobile
robots, uncertain systems, Disturbance rejection.

. INTRODUCTION

heeled Mobile Robots (WMR) can be
Wconsidered as an isolated system or as a basic

unit or a building block of a multi linked
articulated vehicle. Alternatively, WMR can be
considered an autonomous vehicle in disguise. The
development of control strategies for long haul
articulated vehicles shall begin by benchmarking the
control methods for a single unit of WMR. Non
holonomic constraints for control arise out of the
kinematics and the uncertainty is consequent to the
nonlinearities and parameter variations. Imperfections in
the measurements, lead to inaccuracies or noise in the
measurement output. So, even if we consider a single
unit of WMR, the control issues evolve as a
sophisticated problem that needs elaborate treatment.
These could be the reasons for active research in the
control, stabilization and tracking of WMR for the last
several decades.

Non holonomic property of WMR can be
attributed to systems using velocity inputs. Such
systems cannot autonomously produce a velocity which
is transversal to the axle of their wheels. This limitation
appears as the non holonomic constraint on the velocity
of the system. In order to pursue the modeling,
stabilization and tracking of these systems, it is
assumed that a wheel has only two degrees of freedom
with no sideway slip. This assumption which imposes
non holonomic constraint on the motion of the vehicle is
called the ideal rolling condition. Unlike robot
Manipulators, their constraint equations are not

integrable. Thus the coordinates cannot be eliminated
making the system description with a larger number of
coordinates than their degrees of freedom. So our
attempt shall be to design a robust controller for such
non holonomic WMR systems.

Various control schemes and analysis had been
proposed for the WMR system based on the research
with the model kinematics. In this kinematic framework
there exists no continuous state feedback for WMR as
proven by Brockett (1983). Hence research had been
focused on other control methods like Lyapunov stability
and Feedback linearization. In ( Godhavn &.Egeland
1997; Deng &Brady 1993; Sik Shim & Gyeoung Sung
2003; Saso Blazic 2011) investigations were made on
the WMR system to design a control that vyields
asymptotic stabilization of the closed loop for these
kinematic models, in the Lyapunov stability analysis
framework. The control law achieved global asymptotic
stability based on the usual requirement for reference
velocity. A drawback of this method was that the
stabilizing controllers do not guarantee performance.
One of the common methods in the design of controllers
for the WMR, employs the dynamic feedback
linearization (Giuseppa Oriolo, Alessandra De Luca &
Marilena Vendittelli 2002). The control of non linear WMR
systems via feedback linearization was achieved,
provided the feedback is able to cancel out the
nonlinearities. If so, trajectory tracking and setpoint
regulation problems can be solved in the case of motion
control of WMR. But since it is designed in the kinematic
framework, the controller does not take care of
uncertainties and input saturations. Uncertainties in the
parameters of the system model can invariably affect
the stability and performance of the closed loop system
and hence have to be addressed. Uncertainty modeling,
either structured or unstructured, form an integral part of
the robust control design. In the research work as in
(Wenjie Dong 2000; Jinbo WU, Guohua XU 2009;
Mohammad Ali Sadrnia, and Atiyeh Haji Jafari 2007;
Doyle 1985) the need of uncertainty modelling was
stressed and the robust controllers were designed for
the uncertain systems by adaptive or H-infinity (H..)
control. Robust approaches for control design renders a
fixed controller .

H, has played an important role in the study
and analysis of control theory, since its original
formulation in an input output setting (Doyle 1989). It is
well known that , though conservative , they provide
better response in the presence of disturbance than H,
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optimal techniques. The control requirement is that the
response of error to the disturbances with the
stabilization controller should be brought to less thany ,
where y is the suboptimal H, limits with 0 <y <1 .
For the standard H,, problem, a controller exists if and
only if unique positive definite solutions to the two
Riccati equations exists (John C. Doyle 1989). State
space formulas can be derived for all controllers such
that the H,, norm of the closed loop transfer function is
less than y. Based on the above control criteria,
investigations on the WMR were carried out as in (Hong
Chen et al 2009; Carlos De Souza, Minyue Fu & Lihua
Xie 1993; Zhijian Ji 2006; Wenan Sun and Jun Zhao
2005) for different preset conditions aiming at robust
stabilization, performance and tracking. In Hong Chen et
al (2009) a moving horizon H, control algorithm for
WMR was computed in presence of external
disturbances and control constraints. The results
showed that the H, controller can reduce tracking
errors with desired performances. A H,, control as
applied to a discrete time systems with time-varying
uncertainties was synthesised in Carlos De Souza,
Minyue Fu & Lihua Xie (1993).The H,, problem was
converted to a scaled form for quadratic stability
analysis. In Wenan Sun and Jun Zhao (2005) a sufficient
condition for hybrid output feedback H, control was
derived for uncertainties in the state and input matrices.
The controller satisfied guaranteed cost with H,
disturbance attenuation y. Thus the above works
highlights the possibility that robust stability and
performance measure could be achieved by H,, control.

In this paper, a robust H,, design is addressed
for the uncertain, linear WMR system, accounting for
disturbances and model uncertainties. Remaining part
of the paper is organised as follows. Section Il deals
about the H, problem and its necessary robustness
criteria for WMR implementation. The robust H,, control
objective and its design procedure are stated. The
procedure aims at a controller such that the closed loop
system is internally stable and the effect of disturbance
inputs on some of the outputs is attenuated. The norm
of system sensitivity which is the effect of the
disturbance on the output of the system is to be less
than unity. In Section Ill the nominal modelling of WMR
is carried out by incorporating the kinematics and the
dynamics of the system. The disturbances along with
the control input are assumed to act on the system. In
Section IV, the uncertain WMR plant is modelled
assuming low frequency disturbance inputs to act on
the system and outputs. In Section V the H,, controller
obtained is evaluated to verify its effectiveness. The
closed loop response, asymptotic stability plots and
stability and performance margins are plotted.

[I. H. PROBLEM STATEMENT

The output feedback structure for the proposed
H,, control scheme is shown in Fig. 1. The system
consists of a linear time invariant augmented system ~

© 2012 Global Journals Inc. (US)

which belongs to the class P of uncertain system. P
comprises the nominal model and weighting functions
corresponding to model uncertainties and
disturbances. The inputs of the system are w and v
which represent exogenous and control inputs
respectively; zand y would represent the controlled and
measured outputs. Considering the input-output
relations that are depicted by £, the relation between [z,
y] and [w, u] could be written as given in (1)

= [r e
y Py1 Ppllu

Considering the invariance of the plant 2 and
the separability of the variables for the linear setting, the

system has been partitioned into the state space for as
givenin (2)

M

2(t) = Ax(t) + Byw(t) + Byu(t) (2a)
z(t) = C1x(t) + Dyyw(t) + Dypu(t) (2b)
y(@) = Cx(t) + Dyyw(t) + Dppu(t) (2c)

where x €R"™ is the state, u € R" is the
control input, y € R™ is the observed output, z € RY is
the controlled output and w € RP is the disturbance.

¢ (4, By) is stabilizable and (4, C;) is detectable.
e (4, B,) is controllable and (4, C,) is observable,

The control problem is: with a feedback
u=K(s)y , find an admissible internally stabilizing
control K'which would be attenuating disturbances such
that the norm of the stable closed loop system from the
disturbances to the controlled outputs is less than y (y is
equal to 1 for optimal and slightly greater than 1 for
suboptimal control). The control objective is stated in
the mathematical form in (3)

” FI(P'K) "00: SupweR/Fl(P:K)(jw)/ < Y

The H, solution
matrices (Doyle 1989),

3)

involves two Hamiltonian

Ho:e [ A y—zBlBi,—BlBi]
A B o) —A
; ::[ A y-zcicl—c;cz]
@ _BlBl _A
Theorem (Doyle 1989): There exists an

admissible controller such that ||T,,lle < y iff the
following three conditions hold.
i. H, € dom(Ric) and X,, := Ric(H,) = 0.
ii. J, €dom(Ric)andY, :=Ric(J,) = 0.
. p(XeYe) <2
The proof of this theorem is seen in (Doyle

1989). For these conditions being satisfied the
suboptimal controller is



Am | _Zoc Loo ]

Ksub (S) = For | 0

4)

where A, == A+ y 2B B1Xe + ByFys + Zos Lo C,
Foo = =ByXey , Lo 1= —Y0uCy, Zoo 1= (I — Y 20 Xoo) ™"
The resulting closed loop system with a
feedback u = K(s)y obtained by Linear Fractional
Transformation is brought to the form
x.(8) = Acx (t) + Byw(t)
z(0) = Cyx (1)

where x, indicates the states of the closed loop system.

()

Definition: Given a scalar y > 0, system (5) is
said to be stable with disturbance attenuation y if it
satisfies the following conditions

1. A, is a stable matrix

2. The transfer function from disturbance wto the
controlled output z satisfies,

Ci(sI = A) ' Billoo < ¥ ©)

Lemma: Let y > 0 be given. The system (5) is
stable with disturbance attenuation y if and only if there
exists a symmetric matrix X, > 0 such that

ArXe + XA + ¥ 2XoB1B1Xo + C1C;, <0 (7)

Proof:
Let the Lyapunov function for the system be
V(x,. (1)) = x.(t) X, x.(t).Making substitutions from (5) ,
V(xc (t)) =x, ()[Ac Xoo + X Ac]x.(t) +
x. (DX Byw(t) + w(t) BiX .x.(t)

Let the performance measure corresponding to
disturbance attenuation be

J = fo [2(6) 2(6) — y2w(®) w(D)] dt
J < fo [2(6) 2(8) — yw(e) w(t) + V(x.(©))] de

J < f (€6 (8) — Y w(e) w(D)
0

+x. (OAc X + XLAdx () + x. (DX
Byw(t) + w(t) B X .x, ()} dt

With
w(t) (BiXox. (1) + (BiXeox (1)) 'w(t)
Xc (t)XooBlBIXooxc (t)

<y2w(®) w(t) + 2

Since J < 0 to be satisfied,

AcXoy + XAc + ¥V 2XoB1B1Xo + C1C; <0

[II. MODELING OF WMR

A schematic of the WMR in the {X-O-Y}
coordinate axis is shown in Fig. 2. The mobile robotic
system consists of two rear wheels (A1-A2) which are
driving wheels. The driving wheels are driven by two
independent DC motors which are the actuators of the
left and right wheels. Along with the driving wheels, there
is pasive wheel (C). The movement of the WMR is
brought about by the differential control of velocity of the
wheels Al and A2. The linear and rotational motions of
WMR are facilitated by the control of A1 and A2. F is the
projection of mass centre of the robot and P the centre
of two front wheels of the robot. |; is the distance
between point P and point F. 6, is the heading angle of
the robot. v, is the speed at P.  w is the angular speed
of WMR.

Let (xp, yp) be the coordinates at P and (xg, yr)
coordinates at F. The x and y axis speed at P which
represent the kinematics of the system can be derived
asin (8).

Xp = v,c086, (8a)

(80)

Vp = V,Sinb,
also P and F can be related as given in (9).
Xp = x, — lgcos6, (9a)

Yr =Yy — lgsing, (9b)

The non holonomic constraint is written in the
form of (10). This equation is not integrable, so the
fesible trajectory is limited.

XpsinBp — ypcosfp — 1;6p = 0 (10)

Differentiating (9) twice results in (11).

Xp = Xp + lpw sinf, + l;w*cosb, (11a)

Vg = yp — lp@ cosB, + l;w?sind, (11b)

dop . do  d%6p
wher =—=an =—=
ere w =—-a dw ” o2

Let 7, and 7, be the driving torques on left and
right front wheels of the differential WMR. Then u; =
T, +T, ; uy=T; — T, . The dynamics of the WMR are
represented in (12).The accelerations of the system
depend not only on the inputs but are acted upon by
disturbances. Let u(t) = [u; u,] be the control input
vectors, wp(t) = [w; w,] the input disturbances
representing external forces and torques in the direction
of v,and o.

Uy = Prug + 3wy (12a)
w = Bouy + Byw, (12b)
1 b 1 .
Here B1=—, Bo=— , B3 =1 ,ﬁ4=% with

r representing the radius of the wheel, A/ the mass of
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the WMR, /the moment of inertia with respect to the
centre of mass F of the WMR and 26 the length of
wheel axis.

The state space equations of the dynamical
systems can be derived as in Wenping Jaing (2008) by
the substitution of (12) and derivative of (8) in (11). The
state variables of the system are taken as
x= 6, xr yr QP]T angular displacement, x axis speed
at F, y axis speed at F and angular speed. Table 1.
shows the nominal values of the WMR parameters.

Table 7 : Parameters of the WMR system

Parameter Nominal value
r (m) 0.105
M (kg) 25
I (kg m?) 0.5512
2b (m) 0.41
I¢(m) 0.09

Thus the state space representation of the
nominal open loop system is in the form of (13)

x=Ax+ Biw, +Bu (13a)
y = Cox (13b)
where
0 0 0 1
4=10 0 -0.0175 -0.01
0 0.0175 0 0
0 0 0 0
0 0 0 0
B, — [0.04 0 B, = |0-381 0
1 0 —0.163|" 2 0 —-0.319] °
0 1.814 0 3.542

1 00 0
(2= [0 10 o]
The nominal open loop system is unstable with
all the poles on the imaginary axis

V. WMR H. CONTROL SCHEME

The nominal model in (13) do not provide an
exact representation of the WMR system. Modelling
errors, parameter uncertainties and nonlinearities of the
system which were not taken into account do not
guarantee a robust controller. For the WMR system, the
robot’s parameters particularly the mass and inertia are
subjected to variations and hence uncertainties arise in
system modeling. Also the outputs of the system are
subjected to disturbances. Hence uncertainties should
be taken into account when designing a robust
controller, so that we get satisfactory control over a
wider range of the operating variables. It is noted that
the input disturbance w, was modeled along with the
control inputs of the system. To accommodate the
parameter variations and nonlinearities w, is acted on

© 2012 Global Journals Inc. (US)

by unstructured uncertainty weighting W,,. The
H,,control to the WMR as in Fig. 3 shows the feedback
structure of the uncertain plant. Disturbances inputs can
act on the model and the output. Let it be w;(¢t) and
w, (t) respectively. These disturbances act on the plant
in the low frequency range. Let Wy, and Wp be the low
frequency disturbances weightings for the above inputs.

Then

W, (t) = Wy w;(t) (14)

With uncertainty model weighting being selected as

6(s+60) _
w = (SSJrT@ = Cw(sI = Ay) "By + Dy

(15)
[Aw, Bw, Cy,Dy] which are the state space
matrices of the transfer function (15) can be obtained.
The output disturbance weighting W, is
selected based on the maximum steady state error,
bandwidth etc of (16). Fig. 4. shows the inverse of
performance weighting that is acting on the system.

— S/M+ wp

W,
stwpA

(16)

wp is the bandwidth frequency, A is the
maximum steady state tracking error and M the
maximum peak magnitude of sensitivity. For the WMR
design performance weighting Wy is selected as in (17).

(s+77) -
p= (z+24) = Cp(sI — Ap)™'Bp

(17)

[Ap, Bp, Cp, Dp] are the state space matrices of
the transfer function (17).

Next we consider the regulated or controlled
output as shown by z; and z,. Stabilization and
regulation of the state variables corresponds to z; and
error on u corresponds to z,.

73 = Qx (18)

¢ is a 3 by 3 diagonal matrix corresponding to

first 3 state variables to be regulated.
Z, = pu (19)

p is a 2 by 2 diagonal weighting matrix on u.
Let x, and x, be the states of the low frequency
disturbances Wy, and Wp.

Then w, = CWxW + DWwi (203)
and xW = AWxW + BWwi (20b)
.7.Cp = Apxp + BPWy (200)

Combining the nominal model (13) and the
above uncertain states, the augmented model is
brought to the form of (2).The state space
representation is shown in (21), the states of the
uncertain plant are [x" %, %,'], w =[w' w'] and z=
2" 2'].



X A BiCy O x BiDy 0 By w
[xw =0 Ay 0 Xw | + By, 0 0 [Wy] 21)
Xp 0 0 Apl Lxp 0 Bp 0 u
Z 0 0 X 0 0 01w
Zl=| 0 0 0 l [XW + |0 0 P [Wy]
y —C, 0 —Cpl Lxp 0 —-Dp O u

The regulated matrix corresponding to the states and input are selected as

0 4e3 0
0 0

.1le73 0 0
(p =

le™*

It is noted that (AB;) , (AB,) are controllable
and (A,C,) observable. Hence the uncertain plant that
represents the WMR also satisfies the requirement for
the existence of the controller.

V.  CONTROLLER EVALUATION

With the uncertain plant in the general form of
(2) and the controllability and observability conditions
being satisfied, the controller was simulated in MATLAB
® as per the theorem in Section Il. The suboptimal H,,
controller was obtained in the form of (4) with a y value
of 1.09. The Linear Fractional Transformation of the
augmented system and the controller yields a closed
loop system in the form of (5). This system with inputs
as disturbances w and outputs z represent the robust
closed loop system. Fig. 5. shows the magnitude of
the uncertain closed loop plant for varying frequencies.
The maximum bound of the closed loop system which
indicates the sensitivity of the system guarantees
robustness for values less than unity. The maximum
value of the WMR system was around 0.7.

Fig. 6. shows the impulse response of the
uncertain plant from output disturbances wy, to z; . The
variation in the output z; because of the disturbance
was negligible ascertaining that the control design is
robust. To verify the internal stability with the H.,
controller, the asymptotic stability of the output of the
closed loop system was plotted as in Fig. 7. Both the
outputs tend to zero in minimum time thus proving that
the controller stabilizes the WMR system. To further
evaluate the robustness of the above control design, the
stability and performance margins for the closed loop
system were calculated subject to variation in the
parameters of the robotic system. The mass M of the
system was varied between [ 20 : 30] and moment of
inertia I between [0.6 : 0.7]. The stability analysis
showed that the uncertain system is robustly stable to
modeled uncertainty. It can tolerate up to 500% of the
modeled uncertainty. The sensitivity with respect to
uncertain element I is 67% and M 129% for robust
stability. The robust performance margin for the WMR
was calculated subject to the above variations. The
uncertain system achieves a robust performance margin

! p= [260_2 .52—2]'

of 1.32. A model uncertainty exists of size 131%
resulting in a performance margin  of 0.761 at 0.0169
rad/sec. For robust performance, the sensitivity with
respect to uncertain element I is 17% and M 14% .
The above results clearly indicated that the controller
design is robust.

CONCLUSION

In this paper the robust control design of a
single unit Wheeled Mobile Robot was presented.
Modeling of the WMR system was done taking into
account the kinematics and dynamics to achieve a
linearized model for these systems. The exogenous
inputs in the form of model uncertainties and output
disturbances were assumed to act on the system and
the augmented plant was formulated. The robust
internally stabilizing H,, controller was obtained. The
above design rendered a controller such that the closed
loop system was internally stable and the effect of
disturbances and model uncertainties on some of the
outputs was attenuated. The asymptotic stability plot,
disturbance response and Robust Stability and
Performance margins were found to be satisfactory.
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Calculate Average of an Attribute Including
Null Without Aggregate Function

Mridul Kanti Das®, Md. Shakil khan®, Md. Mostafa Kamal ?, Md. Saiful Islam ©

Absiract - An evaluation of aggregate functions in relational
database system considerable impact on performance in
many application areas like geographic information systems
and statistical and scientific databases. The problem with
existing systems is inefficient execution of aggregate functions
with large data volumes and lack of flexibility. It is not possible
to extend the systems with new aggregate (average) functions.
In this paper we extend the concept of aggregate functions
from relational databases. This paper introduces the concept
of average functions which could enhance flexibility and
performance considerably. We show how this could be
implemented into a database. Our implemented technique
easily detects any changing in replicated data and original
data with considering Null values.

Keywords . Aggregate Function, NULL, SQL, Boolean
Algebra, Sub Queries.

.  INTRODUCTION

ggregate functions perform a calculation on a set
of values and return a single value. Aggregate

function avg( ) only calculate average without null
values. It provides average result, eliminating null
values. Null does not have a value (and is not a member
of any data domain) but it is a placeholder or “mark” for
missing information. Comparisons with Null can never
result in either True or False but always in the third
logical result is Unknown. So comparing two null is
difficult.  We discus about (1) review of the research for
handling null values in database system using
aggregate function (2) problem structure with null value
with respect to database (3) describes existing solution
and proposed solution and its algorithm as well as how
it works (4) details the experimental work that has been
carried out. The experimental evaluation has been
performed using a large amount of datasets.
Application.
Database System & its related Application software.
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[I. RELATED WOKS

Baekgraard and Mark [1] on this work,
developing a nested algebra for describing sub-queries,
but without considering aggregates, duplicates, or null
values.

Jeff Smith [2] is software developer, he
compare all columns in database, and also handles
comparing NULL values to other NULLs, Using UNION
operator.

7

% Aggregate function avg (X) returns the average
value of all non-NULL X within a group ignoring
null values.

Aggregate avg ( ) function with Null value
problem solution:

» SQL>select avg (Amount) from bank;

Table bank

name Address account _no amount
Mridul Sylhet 701 700

Sakil Kushtia 702 NULL
Shuva Rangpur 703 600
Shahid Jessore 704 1000

Ujjal Sylhet 705 800
Babul Sylhet 706 600
Nupur Netrakuna 707 1700
Mian Comilla 708 NULL

Normal Avg Query Result is
Avg=(4800)/6

[11. EXISTING SOLUTION

KD

« Aggregate avg () function with Null value problem
solution:
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SQL>select sum (amount)/count(*) from bank;

Table bank

name Addlress \ account_no amount
Mridul Sylhet | 701 700
Sakil Kushtia | 702 NULL
Shuva Rangpur | 703 600
Shahid Jessore | 704 1000

Ujial Sylhet | 705 800
Babul Sylhet | 706 600
Nupur Netrakuna | 707 1100
Mian Comilla | 708 NULL

Normal Avg Query Result is
Avg=(4200)/7=600

c)

Proposed Algorithm

e L o

=R
= o

[ S SN
AW N

Begin

Algorithm_average_with_null ()
Initialize index, average, sum as double
While until end of the table

Increment index

If field is null then

point next record

Go to step 3

Otherwise

sum=sum + field_value

point next record
end if

. end while

. average=sum/index

a) Performance Measure Table

[UnN
ol

. end

d) Performance measure table of Proposed Solution

b) Flowchart

Table bank
Amount of Data Amount of NULL E"’s”ﬁg sg/ut/on
Execution Time (ms)
10000 1930 0.01250
20000 4411 0.06125
30000 6094 0.10937
40000 7367 0.13120
50000 8262 0.18750
55000 13268 0.18750
70000 14725 0.25000

Table bank

Amount of Proposed Solution
Data Amount of NULL Execution Time (ms)
10000 1930 0.03126
20000 4411 0.07125
30000 6094 0.09370
40000 7367 0.12530
50000 8262 0.17181
55000 13268 0.18543
70000 14725 0.21870

Initialize index ,
sum avg

Point next
Record

© 2012 Global Journals Inc. (US)

In this solution we see that if the number of data
in database gradually increased then the execution time
is increased. Built-in function sum() and count() scan
record individually from top to bottom in a table.
Therefore Existing query are not efficient to calculating
average value in large amount of data with Null values.



e) Comparison Table between Existing and Proposed

Solution
Table bank

Amount of Existing solution Proposed Solution
Data Execution Time (ms) Execution Time (ms)
10000 0.01250 0.03126
20000 0.06125 0.07125
30000 0.10937 0.09370
40000 0.13120 0.12530
50000 0.18750 0.17181
55000 0.18750 0.18543
70000 0.25000 0.21870

From comparison table we see that our
propose system takes less times than existing system.
By proposed system can reduce time and reduce the
problem of existing system. To understand easily a
graph chart is given below.

7)) Graph of Existing Solution vs. Proposed Solution

Our propose solution is efficient to calculate
average value with Null values from large amount of
data.

Performance Measure
0.3
0.25
:
= 0.2
.E 015 O Exsting sytem
5 B Proposed system
[4]
v 014
w
0.05 1
D m
SELTSES
Amount of Data

From the above graph Green bar indicates
Existing solution time and Red Bar indicates proposed
solution time. We see that in proposed system needs
execution time less than existing system.

IV. CONCLUSION

At the age of globalization most of all bank
already has been computerized. They store their
customer information, balance, transaction etc. in
database. And they need to calculate average number
of transaction after a certain period of time. Even stock
exchange Ltd. Hospital, Airlines etc. need to calculate
average number of transaction frequently. So our
proposed system will be best for them which can save
their times.
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A New Approach for Modeling the System
Dynamics

T.S.Sirish®, Sujalakshmy .V, Dr.K.S.Sivanandan®

Absiract - This paper addresses the development of an
average value based model for the processing system. The
continuous observation of that process variable, fixation of its
average value on real time basis, mathematical model
development of above average value as base factor are the
basic steps of this method, which subsequently leads to time
based dynamics. The validation of the models developed by
this method is done through experiments. The method is
tested by taking two types of systems: one a biological system
and second an electrical distribution system. The process
variables selected are the angular displacement for biological
system and rms value of current for electrical systems. The
simulated results of the model agree with that of experimental
reading in both cases within tolerable limits.

Keywords . Average value based model, base average
value, electrical distribution system, biological system.

. INTRODUCTION

odern process systems are continuously

undergoing modifications and improvements so

is the case of their characteristics — static as
well as dynamic. Complexity of their analysis follows
subsequently.  Dynamic  correction, characteristic
determination, balance establishment, equilibrium
maintenance etc are all the important tasks associated
with them. Spatially distributed and geographically
dependent consumer electric distribution system and its
process variables is a typical example and biological
human locomotion system and its dynamics variables is
another one.

The associated control systems should be
modified accordingly with the attachment of suitable
central console to supervise the process variable
dimensions so as to establish appropriate dynamic
stability and balance. Continuous real time monitoring of
the process variables will be a routine process of such
systems. Real time analysis is of paramount importance.
An easy and efficient analytical technique takes an
important role in the operations. Sufficient attempts are
already being made for making the analytical methods
more and more efficient and attempts are still continuing
for more efficient ones.

The aim of the present paper is towards these
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directions. Here an analytical technique based upon the
average values of the process variables, its use in
developing dynamic models of systems etc are
considered in detail. The so developed model is
validated experimentally.

E Ortojann et.al presented an approach for
power distribution in hybrid power systems using an
RMS (root mean squared) model for the electrical part of
the system in combination with the set of differential
equations to describe the dynamic behavior of the
mechanical part of the system [1]. A three phase power
system dynamic modeling based on the information
about boundary components is presented in [2].Here
the power system is divided in to a study system which
can be a regional system and several external systems.
The external system is a MIMO (Multiple Input Multiple
Output) system and it is represented by Auto regressive
model (ARX) and the analysis is made. An improved
model for representing the voltage sensitive dynamic
loads ,distribution system equivalents with load tap
changers etc has been presented with specific selected
operational study scenario of AEP Central AP company
area[3].Dynamic equivalents of distribution systems
including dynamics of electric loads and on load tap
changer with reference to a radial distribution system
and thereby developing an equivalent model is depicted
in [4].Power system composite load dynamics is well
represented in[5] whereas determination of dynamic
load model parameters on the basis of secondary side
measurements of 110/10KV transformer is the content of
[6].The characterization of the distribution system load
as a function of the substation voltages is done by
Micheal .J.Gorman, Sehyan Civanlar in [ 7].The dynamic
variation of the composite system load on distribution
feeders is captured and the most effective substation
voltage level is obtained. Model validation principle
using hybrid dynamic simulation and an algorithm for
obtaining optimal feeder configuration of a power
system distribution network are represented in [8, 9]
respectively.

The approach described in the paper can also
be applied to the biological systems. The mathematical
model of the human locomotion for knee joint can be
obtained with the above approach. The general
processing problems occurring in such systems are
cited by many researches mentioned below.

Gait analysis is gaining prominence for
evaluation of disability of handicapped people on
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comparison of such analysis of healthy people with the
disabled. This is motivated by study conducted by
Tommy Oberg and et.al [11] on 233 healthy subjects
((116men and 117 women) up to 79 years of age.
Berbyuk and et.al [12] has made a mathematical
modeling of the dynamics of human gait in a saggital
plane as an optimal control problem for a nonlinear
multidimensional mechanical system with phase
constraints given by experimental data. Nishchenko and
et.al [13] proposed a new formulation of the problem of
designing a femoral prosthesis.. Jerry E.Pratt and et.al
[14] developed a one degree of freedom exoskeleton
called RoboKnee. User intent is determined through the
knee joint angle and ground reaction forces.. Hayashi
and et.al [15] developed Hybrid Assistive Limb, a robot
suit as an assistive device for lower limbs. This method
uses biological and mation interaction. Yamamoto and
et.al [16] proposes a stand alone wearable power
assisting suit which gives nurses the extra muscle they
need to lift their patients and avoid back injuries. D Jin
and et.al [17] investigated the advantages of the
mechanism as used in the prosthetic knee from the
kinematic and dynamic points of view. Takahiko
Nakamura and et.al [18] propose a wearable antigravity
muscles support system to support activities of
physically weak persons. Satio and et.al [19] proposed
wearable walking support system In this paper to
validate the wusefulness of proposed system, the
Standing up motion, one of the hardest activities of daily
life is analyzed and the usefulness of proposed method
is discussed. Sunil K Agarwal and et.al [20] proposes a
gravity balancing lower extremity exoskeleton a simple
mechanical device composed of rigid links, joints and
springs, which is adjustable to the geometry and inertia
of the leg of a human subject wearing it.

Even though sufficient quantities of work in the
broad area for different dynamic model of systems are
done a serious study on dynamic model aiming towards
their self balancing concept was not commonly seen or
rather properly observed. This paper addresses the
development of an advanced model using average
value for predicting the dynamics of the process
variables of a continuous time varying systems. The
average values of the parameters of the system are
utilized for the development of the model. As usual here
also the entire system is divided into number of
subsystems and the dynamic model of the subsystem is
derived. The same approach can be extended
hierarchically and the dynamic model of the entire
system is obtained. The continuous observation of the
parameters of the system for a sample period is carried
out and an average value is fixed on a real time basis,
mathematical model development with the above
average value as the base factor is the ideology behind
the paper.

© 2012 Global Journals Inc. (US)

[I.  PROCESS SYSTEM -A GENERAL
APPROACH

The general process system suitable for this
analytical approach shall be represented by block
diagrams shown in Fig 1(a), 1(b), 1(c) or similar of any
of the types shown in Fig 1(a), 1(b), 1(c) .The system
can be divided into either subsystem shown in Fig 1(a)
and 1(c) or it can be applied to system shown in Fig 1(b)
also. The control system considered as in fig 1(a) and
1(c) is divided into a number of subsystems such that
the input of the entire system is the input to the
subsystem1.The output of the subsystem1is fed to the
subsystem?2 and the output of the subsystem?2 is fed to
the subsystem3 etc.. The output of the subsystem N will
be the output of the entire system. There are possibilities
such that each of the subsystems mentioned above is
further divided in to sub subsystems shown in Fig 1(c).
Such that the input to the subsystem will be the sum of
the inputs to each of the sub subsystems and the output
of the subsystem will either be the sum of the outputs of
the sub systems or direct outputs from the sub
subsystems i.e. Subsystems considered can either be a
MIMO (multiple input and multiple output) system or an
SISO (single input and single output) system.

Qutput

Sub
system]

Sub
system 2

Sub

- ==
system N

Figl(a)

HAT THIGH

HIP KNEE

o] o=

Fig 1(B) Human body block diagram subsystems for the purpase of study refated to biomechanics
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Fig.1(c)

Input

Fig. 1 : General Representation



The block diagram shown in Fig 1(b) is a
general representation of a biological system specifically
the human biological system whose physiological
description is given as follows. Human body comprises
of various bones, muscles and joints. These bones,
muscles and joints are very important for proper
functioning of our body. According to fig 1(b) subsystem
1 called HAT consists of head, arms and trunk. The
subsystem 2 consists of HIP, the hip joint scientifically
refereed as the joint between the femur and pelvis and
its primary function is to support the weight of the body
in both static i.e. standing and dynamic i.e. walking and
running. The details of subsystem 2 and 3 are not much
elaborated. The subsystem 3 consists of knee joint,
joins the thigh with the leg. It is the largest joint in the
human body and is very complicated. The dynamics
and mathematical modeling of subsystem 3 i.e. knee is
considered thoroughly throughout the paper in the
following sections. Finally subsystem 4 consists of
Ankle, one of the important body parts. The study of the
dynamics of subsystem 2 and 4 i.e. HIP and Ankle are
considered latter and the experimental study of the knee
is considered in the following sections of the paper.

According to medical literature the subsystem3,
the knee is considered as a complex, compound,
condyloid variety of a synovial joint [14]. The shape of
the condyloid joint permits movement in two planes
allowing flexion and extension in one plane and
adduction and abduction in another. Typically biological
movement is explained by a popular biological terms
Flexion and Extension as explained under. Flexion is an
anatomical term that refers to a movement produced at
a joint by a muscle or muscles that causes the angle of
the joint to decrease relative to its anatomical position
as shown in fig 2. For example, when a person is
standing normally, the hip joint is considered to be in a
neutral or 180-degree position. Flexion at the hip occurs
when that person raises her knee into the air, thus
bending the hip and decreasing the joint angle at the hip
from 180 degrees to 90, if the knee is brought to hip
height. A large number of joints in the human body are
capable of flexion and its opposite movement, extension
as shown in fig 2.

T Agaghr

Thgh

Famrnuios

Fig 2 Flexion and Extension Movements of Knee Joint

Having given a detailed explanation of the
characteristics of systems categorized through fig 1(a)-
1(c), description of these systems with special aim for
analytical development is shown in the subsequent
sections. Systems under the category shown in fig 1(a)
and 1(c) is considered first and that of fig 1(b) is

considered latter. As mentioned above a detailed
description of the operational characteristics is
considered in the previous section. Now what is

required is description specially aiming towards the
analytical part of systems.

I1I.  SYSTEM MODELING

The type of systems such as that in fig 1(a) and
1(c) having process variables say voltage, current,
power factor, speed, frequency etc which determines
the system behavior may be observed for a time period
say from T1 to Tn and the readings are recorded as
shown in Table1. The variations in the values of these
variables show the actual dynamics of the output
variables of the system

Time System Swystem
parameter Parameter
nput Output

T1 1 31

T2 b ] Y2

T3 3 Y3

Tn Xn Yn
Table 1

The types of systems such as that shown in fig
1(b) having process variable knee joint angle which
determines the system behavior may be observed for a
time period say from T1 to Tn. The variations in the
values of this variable (knee joint angle) show the actual
dynamics of the output variables of the system. The
objective of the work is to develop a linear mathematical
model for the dynamics of above types of system. The
model is formulated on the assumption that the dynamic
variable is a linear combination of a base average value
and infinitely number of hierarchically considered
variational terms. These variational terms are called
variational part in the base average value, second
variational part in the base average value and so on.
The procedure for deriving these factors is explained in
detail as follows:

e |dentical average value sectors

From the observed values of the output in Table
1, Find out certain sectors (eg: time period from T1 to T4
or Time period from T2 to T3 etc) such that the average
values of these sectors are the same. These sectors are
called the identical average value sectors or primary
sectors and the average value corresponding to these
sectors are called primary averages.

e Secondary sectors
For further experimentation with the observed
values inside the primary sectors, inner secondary
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sectors exists which yields the average value which are
slightly and independently different from the average
value of the primary sectors. These are named as
secondary averages.

o Tertiary sectors

Similarly some tertiary sectors are identified
inside each of the above secondary sectors which
further yields slightly different average values from the
respective average values of the secondary sectors.
They are termed as tertiary averages.

e Special sectors

In reality, possibilities cannot be ruled out for
some small time sectors called special sectors which
exhibit widely different average value from the uniform
average value of the primary sector.

V. DERIVATION OF INPUT OUTPUT
EQUATION

The variation of the system parameters in the
output is due to the structural changes occurring in the
system. The so changed structure is the main reason for
the so reflected dynamics. In such cases, it is always
possible to have a relationship between the input and
output dynamics or rather an equality relationship
incorporating the input and out put values and structural
variational parts exist. Assuming the system as linear,
the following empirical relationship is guessed.

As indicated above, It will be quiet conforming
to think that the output dynamics is a linear combination
of components involving abase average value, A, a
variational part over the above average value, AA, a
factor containing the variational term in AA,A’A, and so
on. Here AA is first change in base average value, A and
AA is variational term in AA .It can be stated in another
way that the output is a combination of a base average
value and infinite number of hierarchically considered
variational terms. To make it more clear, these
variational terms must be multiplied by the factors M1,
to take care of the effect of variable
structure or the input-output relationship can be
represented empirically as

BQ=M1A+M2 AA +M3A’A+ ......ccooeeen.

To accommodate the dynamics contributed by
special sectors, a constant (K) is also considered.
Strictly speaking, the input part also has to be
considered as a summation of infinite number of terms
involving a base value and subsequent variational
terms. But to avoid practical complexity, only one term
i.e. base term alone (Q along with the factor B) is
considered for the input dynamics. This approach is
somewhat similar to the dynamic models described in
[10].The main difference that occur with that described
in [10] is that the present argument is based upon an
average value whereas the one in [10] is treated mainly
taking time as the base.

© 2012 Global Journals Inc. (US)

In the light of above explanations, the input-
output dynamics of the sub subsystem can be
represented as

BQ=M1A+M2 AA +M3 A’A+K .............. (1)

(A) Procedure for findings the variational terms
The steps to be followed to obtain

variational terms are as under:

the

1. Tofind AA:
Obtain the average value of the primary sector.

Divide the primary sector into secondary sectors and
find the secondary averages.

Obtain the differences between the primary averages
and the secondary averages.

The average of these differences are AA.

2. Tofind A?A:
Divide the secondary sectors in to tertiary sectors
Determine the tertiary averages.

Obtain the differences between
averages and tertiary averages.

the secondary

The average of these differences is A°A

V.  ALGORITHM/STEPS

Stepl: Obtain the primary sectors P1,P2,P3,.........
...... and the primary averages PAL, PA2.............
Step2: Obtain the variational terms as explained in
section IV (A).

Step3: Frame the equations corresponding to each of
the primary averages as

B QA1=M1 PA1+M2 APA1+ M3 APAL+K+................

(1.9
B QA2=M1 PA2+M2 APA2+ M3 A2PA2+K+.......oeee
(1.b)
B QA3=M1 PA3+M2 APA3+ M3 A2PA3+K+..........u.....
(1.0
B Q An=M1PAN+M2 AP An+ M3 A?PAN+K+....c.......
(1.n)

Step 4: Solving these equations results in the values
of constants M1/B, M2/B,..........

Step 5. Representation of the equations
(2.8),(1.b),(1.0).......... (I.n) in terms of general
variable corresponding to A, AA, A’A ... ie.

the equality statement as per (1) is obtained.

e I|dentification of best model

Different combinations of primary, secondary
and tertiary sectors are chosen for the same output
variable so as to enable us to choose best equality
statement.



VI.  SAMPLE SYSTEM MODELING

a) Case study 1(Distribution power syster)

To demonstrate and test the proposed method,
a system with the above characteristics mentioned in
earlier section, power system network can be
considered as a universal system and the average
based model has been developed for the three output
phases of a distribution transformer, considering it as a
sub subsystem of the distribution subsystem. The
subsystem is characterized by sets of output variables
which in reality exhibits different values both in phase
and magnitude resulting in distinct levels. The sets of
variables described above will be classified in to
different subsets and the elements of which will be three
phase outputs of each distribution transformer. Each
three phase outputs are normally identified by R,Y,B.
The dynamic analysis of these R, Y, B variables is done
using the above proposed method. The observed value
of the output currents (Ro, Yo, Bo) of a distribution
transformer is indicated as shown in Table 2.

100KWVA Transformer
Inpat Output current
current
Time Fi =%i | B phase | v B phase | MNeufr
=Bi Fo) (Y0 (Bo al
(Mo}
900 AN 25 703 703 703 o
10.00 AN 25 [ 55 922 32
11.00 AM 22 &0 43 23 29
12.00 AM 22 63 35 22 7
1.00PM 23 &6 48 75 16
2.00 PM 21 (5] 46 &9 13
3.00PM 20 &0 ES] 5] 11
4.00 PML 2.2 36 45 B0 29
500 PM 22 645 52 &3 ES
&.00 Ph 1.9 38 36 55 15
T00 Ph 23 62 25 102 42
2.00 PM 2.8 EEY 30 110 27
900 Phi 30 o 58 102 21
10.00 PM 2.4 60 35 23 25
11.00 PM 2.3 63 43 B2 25
12 00 Ph 23 7O 48 =] 13
1.00 AR 2.1 [:]s] 435 =] 15
2 00ART ) G 52 7O 10
300 AbA 24 22 36 20 3
400 AR 1.9 [53=3 30 55 12
500 AbA 19 36 32 71 22
G600 AR 25 645 335 110 EE
T.00 AN 2.2 36 25 105 56
800 AN 23 58 32 104 54
2.00 AN 23 24 30 56 17
10.00 A™T 21 65 35 75 19
11.00 AR i &0 EL =] 1%
1200 AM 20 56 a5 63 14
1.00 PML 2.2 o4.5 35 B0 24
200 PM 22 [ A48 71 10
3.00PH1 2.3 36 4> EE 36
4 00PhI 21 52 52 65 10
3.00PH1 2.3 [ 45 20 20
& OOPhA 23 62 55 71 12
T 00PhA 23 [ 43 282 24
B.00FMIL 22 63 35 B3 ZE
Table =

Table2 : Observed Values Of The Output Currents

The actual dynamics of the four distinct outputs
is shown in Fig (3) to (6) and that of the input is shown in
Fig (7).

On developing the model, it is assumed that the
variational terms at the output is restricted up to two
terms and that constant term is assumed as zero even
though the same will reflect as an error.

variation of load currentin R
phase(Ro)
100
a0 /a) A
o J ¢
40
20
(o] t t t t t t 1
1 & 11 16 21 26 31 36
Time in Hours

Fig 3
variation of load currentin B variztion of load cumrentin ¥
phase{Bo) phaze(fo)
120 " =7
= Ar—F =] F
$ wam Ay a0 .r'~—-"'-U| o
40 =
m g
° ] E M & B o®m M :
T8 1 18 M o:® oM = N
Tima In Hours
Fig 4 Fig 5
variation of load current in the variation of current in the
neutraliNo) input(Ri=Yi=Bi)
&0 q 4.0 —
S a e T =
SV LA to
: 5 1M 158 m % M 3% oS moe 2w o3 o=
e Tims In Hours
Time In Howrs.
Fig.6 Fig 7.
i. Experimental Steps

The experimental analysis for the development
of average value based model for R phase of the
distribution transformer is explained below:

a. Determination of Primary sectors and primary

averages
703 a0 33
63 [in] 62
&0 70 36
63 a0 645
66 63 36
62 88 58
&0 62 o4
56 56 63
645 60
58 36
68 64.5
Table 3 Table 4 Table 5

PRIMARY SECTORS
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b. Determination of secondary sectors and secondary

averages.
Average value of the
- output (Ro) Average value of the
(Primary averages) input
Sectorl 63.366 2.2746
Sector2 65.75 21945
Sector 3 65.818 2179

o ] Table'_fr _
PRIMARY SECTOR AVERAGES

The secondary sectors chosen from the primary
sectors are represented in Table 7 and the secondary
averages are shown in Table 8.

Secondary sectors
from primary1 from primary2 | from primary3
703 56 60 88 88 94
65 64.5 63 62 62 65
60 58 T0 56 56 a0
63 68 60 64.5 56
66 04 63 56 64.5
62 58
60
Table 7
Secondary Secondary averages
sectors of the output (Ro)
Sectorl 63.757
Primary sectorl Sector2 68.1
Sector 3 64
Primary sector 2 Sectord 68.66
Sector 5 64.08
Primary sector 3 Sector 6 67.9
Table 8

SECONDARY SECTOR AVERAGES

c.Determination of Tertiary sectors and Tertiary
averages: The tertiary sectors chosen from the
secondary sectors are represented in Table 9 and
the tertiary averages are shown in Table 10.

from primary2 |

from secondary3 from secondary4

Tertiary
Tertiary averages of
sectors the output
Sectorl 64.575
secondary
sectorl Sector2 62.66
Sector3 595
Primary secondary
sectorl sector Sectord g1
Sector 5 65
secondary
sector3 Sectort 62.5
Sector? 75
Primary secondary
sector? sectord Sector8 56
Sector 9 67.625
secondary
sectord Sectorl0 57
Sectorll 73
Primary secondary
sector3 sectord Sectorl2 60.25
Table 10

TERTIARY SECTOR AVERAGES

d.Special sectors: The special sectors are shown in

Table 11

ii. Determination of variational terms AA, APA: The
obtained  for
combination of primary sectors, secondary sectors

variational

8

[ 92

56

58

8

G2

G

3

Table 11

SPECIAL SECTORS

ferms

the

and tertiary sectors are shown in Table 12.

combination A AA ATA
65.56 -0.3685 -1.005
. 6575 058 1.705
65818 -0.19 1521
Table 12

VARIATIONAL TERM

combination are as follows:

i. The equations corresponding to the above

60 60 88 56
65 65 62
70

from primary3

from secondary 5 from secondary6

88 56 04 56

62 58 65 64.5

56 60

64.5

Table 9

TERTIARY SECTORS

Global Journals Inc. (US)

A. B 22746=M,65.56-M,0.3685-M,1.005  (2)
B. B 2.195=,,65.75-,,0.58+51.705 @3
C. B2.179=M,65.818-M,0.19+M,1.521 (4)

~



Where w1, m2, w3 represents variation in structure
at the output. B represents variation of structure in the
input.

On solving the  equations (2), (3), (4), the
values of M1/B, M2/B and M3/B are obtained as in

Table 13.
Combination | M1/B M2/B M3/B
1 0.034 -0.06 -0.0367
Table 13

iv. The equality statement for R phase of the
aistribution transformer for the above combination
of primary sectors is obtained as :

Q=0.035 A- 0.06 AA- 0.0367 A°A )}

v. Derivation of time based plot

The above developed average based
mathematical model can be utilized to obtain a time
based plot from the observations of the output. By
choosing any time period of desired choice from Table
2, the base value A, the variational factors A A and A?A
for this time period is calculated. The result of the
average based equalities can be converted in to a time
based plot whose procedure is as given below.

a. lIdentify a particular time as reference.

b. Choose ideal time duration on both sides of the
above reference value as the primary sector.

c. Derive corresponding secondary sectors and
tertiary sectors within this time duration and derive
the base average value of the primary sector and

the variational factors AA and A°ZA from
secondary sectors and tertiary  sectors
respectively.

d. Substitute the obtained values of A, A A and A°A
in the equation (5).
e. Calculate the value of the equation.

f.  The so determined value is plotted against time
described in step a.

g. Increment the identified time in step a.

h. Repeat step b to step f to get the time based plot.

The above step give a time based plot for the
above combination of primary sectors and is shown in
Fig .8.

1st set with lavg=65.56

— N ANANA—

o = W R

Fig 8

vi. Identification of best mode/

The above steps are repeated for different
combinations of primary sectors and time based plots
are obtained for each and every combination. This is
compared with the corresponding experimentally
detected input variables shown in Table 2 and the best
possible one is selected on the basis of minimum error
they produced with the experimental one. The values of
error obtained for different combinations are shown in
Table 14.

Combination | Error A M1/B M2B M3IB
1 B8.0175 | 655 0.034 -0.06 -0.0367
2 4.6509 | 70 0.035 -0.021 0.039
3 32016 | 63 0.035 0.0256 | 0.00004
4 4. 1808 | 64 0.035 0.049 -0.01
5 4.104 67 0.033 0.0095 | -0.01
] 99934 | 68 0.03 -0.05 0.018
Table 14.

ERROR OBTAINED FOR DIFFERENT
COMBINATIONS

The so selected equation is considered as the
best dynamic counterpart corresponding to the average
based model of equation (5) represented by the
combination 3 as shown.

Q = 0.035 A+0.0256 AA+0.00094 A’A 6)

The so identified average based equation (6) is
adopted as the best mathematical model for the
variable(R).

Similarly the best models are identified for the
other two variables(Y phase and B phase) of the
distribution transformer and are obtained as follows.

Q (Y) = 0.05A(Y)-0.0065AA(Y)-0.01AA(Y) 7)
Q (B) = 0.028A (B)-0.0009AA (B) +0.01A°A (B) (8

vil.  Model validation

The above developed mathematical model is
validated by comparing the calculated dynamics
represented by equation (6) with the experimentally
detected values from the real system. For this three sets
of samples at different time periods of the real working
system (Table 15, 16, 17) is considered and the error is
calculated as shown in Table 18. The error is found to
be in reasonable limits so as to establish the validity of
the model.

© 2012 Global Journals Inc. (US)

» (F) Volume XII Issue I Version I E January 2012

&

&

| of Researches in Engineering

Global Journa



Global Journal of Researches in Engineering (F) Volume XII Issue I Version I E January 2012

Time Observed Input current Output current B phase (Fo

12:00 2.47 70

1-00 253 75

2:00 251 73

3:00 2.47 72

4:00 231 a0

12:00 277 70

Table 15:Samplel

Time Observed input current Output current

8:00 3.13 80

9:00 293 75

10:00 277 70

Table 16:sample

Time Input current Output current

10:00 233 65

11:00 2.51 68

12:00 2.64 70

1:00 287 75

2:00 291 75

Table 17: Sample3.
Calcul
-
A AA ATA ated observed | Error
input npart

7138 | -0.682 0.231 2.481 2.64 0.159
70 -0.67 0.045 2.432 2.458 0.026
70.6 0.73 0.205 2.489 2.652 0.163

Table 18

ERROR ANALYSIS

b) Case Study 2(Biological Human [ocomotion)

The proposed algorithm is applied to the normal
walking case and the mathematical model of the
variation of knee joint angle is developed as below. The
normal walking video is captured for a finite time i.e. 20
seconds. The knee joint angle of human locomotion is

observed and tabulated as shown in Table B1

© 2012 Global Journals Inc. (US)

Time Angular Tme Angular Time Angular Time Angular
in sec position in sec position msec | position insec | pesifon
(degrees) (dezrees) {degrees) (dezrees)
0.0 180 5.0 165 10 135 15 160
0.1 175 5.1 170 10.1 120 15.1 160
0.2 170 5.2 165 10.2 120 15.2 160
0.3 165 53 165 10.3 130 153 160
0.4 140 54 160 10.4 150 154 160
0.5 135 5.5 160 10.5 170 15.5 150
0.6 155 5.6 155 10.6 160 15.6 140
0.7 170 5.7 140 10.7 165 15.7 120
0.8 165 5.8 120 10.8 160 158 120
0.9 160 59 120 10.9 165 159 130
1.0 170 6.0 130 11 163 16 130
1.1 170 6.1 150 11.1 160 16.1 170
1.2 170 6.2 170 11.2 160 16.2 170
1.3 160 6.3 165 113 155 163 160
14 155 6.4 160 11.4 140 164 165
1.3 145 6.5 165 11.5 135 16.5 160
1.6 140 6.6 165 11.6 120 16.6 160
1.7 120 6.7 160 11.7 125 16.7 160
1.8 120 6.8 160 11.8 140 16.8 155
1.9 130 6.9 160 11.9 170 169 150
2.0 165 7.0 150 12 165 17 140
21 170 7.1 140 12.1 160 17.1 140
2.2 165 7.2 120 12.2 160 17.2 120
23 160 7.3 120 12.3 160 17.3 120
2.4 160 7.4 130 12.4 160 17.4 140
23 165 7.5 140 12.5 160 17.5 165
2.6 160 1.6 165 12.6 160 17.6 170
2.7 150 1.7 165 12.7 150 17.7 165
2.8 140 7.8 160 12.8 130 17.8 160
2.9 130 1.9 160 12.9 135 179 160
3.0 130 8.0 160 13 120 1 160
3.1 120 81 160 131 130 181 160
32 135 8.2 160 13.2 150 182 160
33 155 83 155 13.3 165 183 160
34 170 84 160 13.4 165 184 140
3.5 170 B35 150 13.5 160 18.5 130
36 160 8.6 150 13.6 160 18.6 120
37 160 8.7 120 13.7 160 18.7 120
38 165 8.8 120 13.8 160 188 140
39 165 8.9 130 13.9 160 189 165
4.0 160 9.0 160 14 160 19 170
4.1 150 9.1 170 14.1 145 19.1 160
4.2 150 92 163 142 120 192 160
4.3 135 9.3 165 14.3 120 19.3 160
44 120 94 160 14.4 120 194 160
4.5 120 9.5 165 14.5 130 19.5 160
4.6 130 9.6 160 14.6 160 19.6 160
4.7 150 9.7 160 14.7 170 19.7 160
4.8 170 9.8 160 14.8 160 19.8 150
4.9 170 9.9 155 149 160 19.9 130
TableB 1

KNEE JOINT ANGLE OF HUMAN LOCOMOTION

i. Experimental Steps
The experimental analysis for the development
of average value based model for knee joint angle of the
human locomotion is explained below:

a.The primary sectors chosen from the observed
readings shown in TableB1 for knee joint angle are
represented in Table B2, B3 and B4 and the primary
averages are shown in Table B5.

180 170 165 130 160
175 170 170 120 150
170 170 165 135 150
165 160 160 153 135
140 155 160 170 120
135 145 165 170 120
155 140 160 160 130
170 120 150 160 150
165 120 140 165 170
160 130 130 165 170

Table B2 : Primary Sector 1



180 170 165 130 160
175 170 170 120 150
170 170 163 135 150
165 160 160 155 135
140 155 160 170 120
135 145 163 170 120
155 140 160 160 130
170 120 150 160 150
165 120 140 165 170
160 130 130 165 170
Table B3 : Primary Sector 2
180 170 _1“6-5“ il 130 160
175 170 170 120 150
170 170 165 135 150
165 160 160 155 135
140 155 160 170 120
135 145 165 170 120
155 140 160 160 130
170 120 150 160 150
165 120 140 165 170
160 130 130 165 170
Table B4 :Primary Sector 3
Average value of the output knee joint
angle

Primary sector 1 154

Primary sector 2 153

Primary sector 3 150

Table B5 : Primary Sector Averages

b.Determination of secondary sectors and secondary
averages: The secondary sectors chosen from the
primary sectors are represented in Table B2, B3, B4
i.e. each column in the corresponding table2, 3, 4

corresponds to secondary sectors and the
secondary averages are shown in TableB6.
Pn.ma.ry sectorl anary sector? | Prnimary sector3
Secondary Second | Seconda | Secondary Secondary averages
cmd averages of | ary Iy sectors of the output
ary | the output sectors averages
sect of  the
ors output
1 162 1 152 1 148
2 148 2 159 2 147
3 157 3 145 3 153
4 153 4 147 4 153
5 146 5 162 5 145
Table B6
SECONDARY SECTORS AND SECONDARY SECTOR
AVERAGES

c.Determination of Tertiary sectors and Tertiary
averages: The tertiary sectors chosen from the
secondary sectors are shown in table B2, B3, B4 i.e.
each element of row corresponds to tertiary sector
and the tertiary averages are value of the element
itself.

Determination of variational terms AA, APA: The
variational — terms  obtained for the above
combination of primary sectors, secondary sectors
and tertiary sectors are shown in Table B7.

A AA AA

154 52 15.3

153 6.4 10.88

150 32 14.4
Table B7

VARIATIONAL TERMS

ii. 7The equations corresponding fo the above
combination are as follows
The entire distance covered in 20 seconds is
14.4 M and for each set of data of duration 5 seconds
the distance covered is 3.6M.

154*B1 + 5.2% B2 + 15.3 *B3= 3.6 -------- (1)
153*B1 + 6.4* B2 + 10.88 *B3= 3.6 - @)
150*B1 + 3.2* B2 + 14.4 *B3= 3.6 -

Where B, By,
structure at the output.

Bz represents variation in

iv. Here the relation between a dependent variable and
independent variable is not accurately available
from theory. So statistical model buildng technique
called Multiple regression is used for finding the
optimum form of relation and the ‘best ‘ set of
numerical coefficients, given a set of measured
data. The three unknown coefficients B1,B2 and B3
are 0.0267, -0.0452 and -0.0183 respectively.

Bl B2 B3
0.0267 -0.0452 -0.0183
Table B8

0.0267* A+(-0.0452)*AA+(-0.0183)*A’A = distance
covered .......... 4)
v. Derivation of time based plot
The above developed average based
mathematical model can be utlized to obtain time
based plot from the observations of the output. By
choosing primary sector time period from tablet,
base value , the variational factors for this period is
calculated. The time based plot of the knee joint angle
for different sectors are ploted as shown in figB-1.
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Fig B-7 . knee joint angle of different sectors
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vi. Model valication

The above developed mathematical model is
validated by comparing the calculated dynamics
through equations 1 and 4 with the experimentally
detected values from the real system. The details of the
validation procedure is shown as under

Now the correctness of the developed equation
using the proposed method is checked using the fourth
set of data. For the fourth set of data Base Avg is 152
First change in Base Avg is 5.8 and Second change in
Base Avg is 11.62. for the above values equation 1 and
4 becomes

0.0267* (152)+(-0.0452)* (5.8)+(-0.0183)* (11.62) = 3.6

The detailed error[table B9] is found to be in
reasonable limits so as to establish the validity of the
model.The performance evaluation can be summarised
for both the cases in the following table with respect to
the error in the distance covered.

Tvpe of Gait | Practicle(from | Proposed %Error
Video) method
Normal 36 3.58 0.55
Walking
TableB9 Emror Analysis
VII. CONCLUSION

An average value based model has been
developed in this paper. The requirements of this
approach are a set of readings from the real time
system to calculate the base average value and the
variational terms. The derived model is an input-output
relationship. The above model developed is
experimented on a spatially distributed distribution
system and a biological system and the dynamics of the
process variables are derived. This model is extended to
a time based plot for convenience in analysis and
subsequent applications. The limitations of the
proposed method are no definite strict mathematical
method for identifying the sectors; this division is done
through intelligent guess. The length of the sectors or
number of readings considered in each sector is fixed
arbitrarily and Weather the system selected for modeling
is linear or nonlinear the method considered everything
in a linear approximation. This approximation will
introduce its own merits and demerits in the analytical
results/conclusions.
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Genetic Algorithm based Dispatch Strategy of
Voltage Stability Limited Power Transfer using a
Unique Model of UPFC

Neena Ramesh®, B.V Sanker Ram®, Vedam Subrahmanyam?®

Absiract - This paper proposes a method of dispatch strategy
using a unique power injection model of UPFC demonstrating
the capability of voltage stability limited power transfer and
minimum transmission loss based on Modified Real Coded
Genetic Algorithm Optimization . This paper also discusses
the compatibility of this model for matrix converter based
UPFC. To maximize the voltage stability limited power transfer,
bus voltage regulation alone is not sufficient. Hence a dispatch
strategy is evolved using GA so as to control the power
circulation between the shunt and series end of the
transmission line for the specified real and reactive power
transfer at target voltage magnitude. The UPFC is operated in
automatic power flow control mode at its rated capacity. The
UPFC controllable parameter values are obtained from the
modified GA solution.GA also offers the best location for the
UPFC to be placed along with the optimum operating
conditions so as to minimize the transmission losses. Voltage
stability evaluation and analysis is carried out using PV
analysis on the standard IEEE 14 Test Bus and the test results
with and without GA are compared. It was found that GA
algorithm offers the best solution to minimize the transmission
losses.

Keywords . GA, Voltage Stability, UPFC, Dispatch
Strateqy, Unigue Power Injection Model, Transmission

Losses.

. INTRODUCTION

eregulation and restructuring of electricity market,
Dhas made it necessary to utilize the existing

utilities and resources to the fullest capacity.
UPFC is a powerful FACTS device for real time control
and dynamic compensation of transmission systems
capable of operating in four quadrants of complex P + |
Q plane. Thus the UPFC, based on its VA rating can be
regarded as an ideal active and reactive power
generator which is capable of providing beyond voltage
regulation and phase angle control [6].

A lot of investigation has been done on various
models of UPFC for the implementation of the device in
NR load flow algorithm. This paper proposes a unique
model of UPFC which bypasses the representation of

Author * . Asst Professor in the Department of Electrical and
Electronics Engineering at SRM Easwari Engineering College
,Chennai. 09840357995, rmeena1504@yahoo.co.in

Author ° : Professor in the Department of Electrical Engineering
College at JINTU Hyderabad .

Author © . Professor in the Department of Electrical and Electronics
Engineering College at RMK College of Engineering ,Chennai.

both voltage sources and produces a symmetric
admittance matrix [2]. Hence a compatibility study is
also done on Z Source Matrix Converter type UPFC
using this novel model [10][11]. A dispatch strategy is
adopted in this proposal with the objective of
maximizing voltage stability limited power transfer at
target bus voltage magnitude with  minimum
transmission losses through automatic adjustment of
UPFC parameters. The UPFC is operated in automatic
power flow control mode at its rated capacity. The
loadability real power margin and reactive power margin
is obtained from the voltage stability analysis. For these
specified powers and target bus voltage magnitude the
UPFC state variables, the voltage magnitude, Vs and
the phase angle 6,5 at the shunt end and Vg5 and phase
angle B.y at the series end are adjusted. The voltage
magnitude ranges from maximum to minimum limits and
is a function of the DC capacitor rating and the phase
angle ranges from 0 to 2m radians. Thus it is a highly
nonlinear, multimodal, discontinuous and non
differentiable, mixed integer, combinatorial optimization
problem. Classic optimization methods based on
gradient search and non linear programming methods
are suitable for differential and convex objective
functions and can handle only continuous variables [15].
In addition to these limitations these algorithms lead to
local and suboptimal solutions often. Hence evolutionary
optimization technique, such as genetic algorithm GA,
has been developed for the global optimization
problems.[16][17] .Hence this paper proposes a
modified real coded genetic algorithm. The UPFC
controllable parameter values are obtained from the
modified GA solution. GA also offers the best location
for the UPFC to be placed along with the optimum
operating conditions so as to minimize the transmission
losses.

The power system loses its voltage stability
when the voltage decreases drastically. The voltage
stability is mostly load driven, when the power system is
unable to meet the load increment or meet the excess
reactive power demand. The voltage instability ultimately

may lead to voltage collapse a catastrophic disaster.
Voltage  stability  though a  dynamic
phenomenon, use of steady state analysis is

acceptable. In long term voltage stability, the dynamics
is assumed to have died out and the compensation has
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been implemented .In steady state voltage stability
studies, the state matrix is approximated by the
Jacobean matrix at the equilibrium operating point.
Voltage stability being a non linear phenomenon,
bifurcation theory, technique is used to study voltage
collapse. Bifurcation occurs at the collapse point
indicating transition from stable zone to unstable zone
and the Jacobean matrix becomes singular. Many
methods are available to estimate the proximity of
voltage collapse point [5]. Most reliable method is PV
curve analysis for which the bifurcation parameter is the
active loading .The loading at the voltage collapse point
is called as the loadability margin.

The organization of this paper is as following.
Section 2 details the novel model of UPFC suitable for a
dispatch strategy and also the compatibility of this
model for a matrix converter based UPFC is discussed.
Overview of modified real coded GA is described in
section 3. Section 4 discusses the GA based load flow
results with UPFC and finally the conclusion is given.

I1. POWER INJECTION MODEL (PIM)

The objective is to maximize the total active
power transfer in the transmission system while
simultaneously maintaining the desired voltage profile at
all buses .A novel power injection model (PIM) of UPFC
in unified power flow algorithm is described in this
section. In the conventional model illustrated by
Gyugi[6] the UPFC is represented by two voltage
sources shunt and series along with their impedances
and coupling transformers. To acquire a square UPFC
admittance matrix, two fictitious nodes are introduced
.These problems are overcome using a power injection
model [2][3].The power injections at the shunt and
series transformers are interpreted as real and reactive
node injections. At these two controlled nodes the nodal
voltage magnitude, the nodal active and reactive powers
are specified while the voltage magnitude and phase
angle of the voltage source converters are handled as
state variables.

[2]In this work, the UPFC modeling includes a
detailed power injection model with internal UPFC state
and control variables, series and shunt impedances,
incorporated in the OPF formulation. Vyr = VyrL Byr
and Vg = VcerL Ocr are the variable output voltages of
each converter. The output voltage at the series
converter end VgL Ocr is added to the bus voltage V¢
thus increasing the bus voltage Vy at bus m..The phase
angle 6cr decides the operation and mode of power
control. The DC link source connecting both the VSC
provides the path for transfer of real power. Thus the
real power exchange is established between the SSSC
and the transmission line. Also at the shunt end the
STATCOM can supply or absorb reactive power
independently to regulate the bus voltage at the point of
coupling to the line.

© 2012 Global Journals Inc. (US)
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Fig. 1. UPFC Power Injection Model

The input information includes the voltage
magnitude and phase angle at both sides of the UPFC
at bus k and bus m. The real and reactive power in the
transmission line is calculated to detect the deviations
from their pre-set values.

Using standard notation
VK=VK LGK

Vyr =Vyr L OByr
Yvr=Yvr LOvr,

» V=V L Oy,
Ver=Vcer LOcr
YCR =YCR |—6CR1

The transfer admittance equations of UPFC are
as shown below.
_YCR ]
YCR

v _ [YVR +Yer
_YCR
The power injection at nodes, bus k and bus m is
Sk :Vk llt :Vk2 (YVR +YCR) _VkaYCR +Vk (VCRYCR _VVRYVR)
S =V l; :an (Yer) ViV Yo V5 (Vea¥ee)
Pc=Vi2(Yvrcos 6 vr+Ycrcos § CR)-ViVwrYvr cos( 6 k-

0 vr+ 0 vr)- VkVmYcr cos( 0 k- 0 m+ 0O cr)-Vk Ver Yer
cos( 0 k-0 cr+ O cr)

Qx

Ovr+ Svr )-VkVMYcr Sin(0 k-0 m+

= VkZ(YVRsin 0 vrR+Ycr Sin § cr)-VkVvrYvR sin( 0 k-
6 cr)-VkVcrYcr
sin(0 k-0 cr+ O cr)

Pv = Vm2Ycrcos 6 cr+VMVRrYcrcos( 0 k- 6 cr+ 6 cr)-
VmViYcr cos(0 m- 0 k+ 6 cr)
Qv = Vm2Ycrsin § cr+VMVerYcrsin( 0 m- 0 cr+ 0 cr)-
VmViYcr cos(0 m- 0 k+ 8 cr)

The Power Injection Model of UPFC in load flow
equations identifies additional injections as function of
UPFC internal variables, Vyr, Vcr and parameters Yygr
and Yqg, The mathematical expressions are



SklNJ Vi(VerVer - YorYAR) PkINJ
Sr:qNJ = Vi YerVer = Pn:NJ + jQr;NJ

jQINJ
k

Where

IND _ pINJ
I:)k T F)m

Pk = Vk(Yvr cos Svr +Ycr cos Svr)- VkVmYcr
cos (k- Om+ Scr)- PV
PN = VVerYcr €os (0 k- 0 cr + 6 cr) + VkVVRYVR
cos( 0 k-0 vr + 6 vR)
QN = VVrYcr sin (0 k- 0 cr + 6 cr) + VkVvrYwr

sin(0 k-0 vr + 8 vR)

PMNV = -V\VerYcr €OS (0 M- 0 cr+ O cr)

QvN = -VmVcrYcr sin (0 m- 0 cr+ 0 cr)

dcr = O6yr = w2 The impedences of the UPFC
transformers are reactive.

P«"™ + Py'™ = 0; UPFC equality constraint.

Where P{™ and Q<™ represents the active
power and reactive power injection of the UPFC source
at node k and respectively Py'™,Qu'™ at node m.

Thus with this PIM the voltage sources have
been omitted and instead the UPFC power injections is
adopted. The state variables Vcr , Vvr Ocr, Byr and the
system variables are adjusted automatically for a unified
load flow solution. When the UPFC is stated to control
the total real and reactive power injections at node m in
the branch k-m where k and m are PQ nodes, the load
flow equations for branch k-m are as follows

Psgpec =Pk =P =0
Puspec- Pv - Pu"’= 0
QKspec -Qk— QKINJ: 0
QKspec -Qk— QKINJZ 0
Pk spec) — Puix — PMKINJ =0

QMK(spec) —Quvk — QMKlNJ =0
_(PKINJ+ PMINJ): 0

The UPFC can be made to control the real and
reactive powers, the target voltage magnitude by
varying the UPFC variables Vg, 0cgr and 6yg and Vyg .

The UPFC has a local coordination of both
converters in order to produce the desired control action
on the network, voltage control, reactive compensation
and active power transmission control simultaneously.
For optimised values of the line power, to obtain
minimum losses in the system, the Genetic Algorithm
tool is used. The UPFC incorporated program is

embedded into the genetic algorithm program. GA in a
more global level defines the control mode and optimal
placement of the UPFC with the objective of minimum
transmission losses.

[1I. PIM FOR MATRIX CONVERTER BASED

UPFC

This paper also has carried out an investigation
on the compatibility of the PIM using matrix converter
based UPFC. Boon [8] deals with voltage source matrix
converters for UPFC topology. Replacing the two
voltage source converters by one matrix converter the
DC link capacitors are eliminated, reducing costs, size,
maintenance, increasing reliability and lifetime thus
offering more improved reliability than  other
conventional AC-AC converters [9]. Matrix converters
have several advantages such as bidirectional power
flow less number of switches, controllable input
displacement factor, etc.

However in all these topologies, the AC output
voltage cannot exceed the AC input voltage since no
energy storage components are present between the
input and output side. Therefore in UPFC topology the
small real power losses associated with the converters
switching losses is drawn from the power system.

These limitations can be overcome by using Z-
source topology [7]. This arrangement has the
advantage of independent control of the current in both
directions.. The symmetrical Z source network is a
combination of two inductors and two capacitors
serving as energy storage elements for a single phase Z
source buck boost matrix converter. Since the switching
frequency is much higher than the line frequency the
size of inductors and capacitors is very small.

Z-source Single-Phase Matrix Converter uses
four bi-directional switches i.e. a combination of two
diodes and two IGBTs connected in anti parallel
(common emitter back to back) as shown in Fig 3. This
arrangement has the advantage of independent control
of the current in both directions. Fig 4 shows the
simulated diagram of the Single Phase Matrix Converter.
The AC input voltage is boosted by the Z-source
converter. The frequency of the input voltage is then
modulated in Single Phase Matrix Converter. Thus, the
output voltage is obtained with a step-changed
frequency and variable amplitude. The LC input filter is
required to reduce the switching ripple in an input
current .This control produces output voltage in buck-
boost mode with a step-changed frequency. The matrix
converter in UPFC topology is a variable amplitude and
frequency changer. Frequency changers are also
phase-shifters, with the phase shift ranging up to 360
degrees which can operate  as an asynchronous link
connecting power systems at the 60 Hz and 50 Hz
frequency standards. The amplitude of the output
voltage is controlled by duty ratio whereas the frequency
depends on the switching strategy.
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Fig 2 - Matrix Converter UPFC connected to
transmission Line

Fig 4 : Matrix Converter Simulated

VOLTAGE _

Fig.5 - Matrix Converter Output Voltage Simulated
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Fig .6 - UPFC Simulink Block Diagram
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Fig .8 . Simulation output of UPFC

It has been illustrated earlier that the PIM has
the capability of bypassing the two voltage source
converters and the DC link. Hence the basic model of
UPFC with two voltage source converters and DC link
capacitor and the Z source matrix converter block
diagram was constructed in Matlab/Simulink  for
comparison of performance. The simulation results Fig
4,5,6,7,8 show the matrix converters output voltages is
the same as obtained at SSSC .. The shunt and series
transformer are connected at the two ends of this matrix
converter and linked to the transmission line as shown in
Fig 2. Thus PIM model is found highly suitable for matrix
converter based UPFC with respect to performance.

IV.  GA OPTIMISATION

Optimization is defined as a search for feasible
solutions which correspond to extreme values
(maximum or minimum) of one or more objectives



Classical optimization is point-by-point algorithm using
deterministic rules.

Natural evolutionary laws are mimicked in
recent evolutionary algorithms like GA, ES, EP, and GP.
Other nature inspired EA algorithms are ANT Colony
Optimization, , PSO, Bacterial Foraging etc. One of the
striking differences with classic type is that evolutionary
algorithms use a population of solutions in each iteration
instead of a single solution. EA is based on stochastic
sampling methods[15].

GA algorithm first founded by Holland in 1975 is
one of meta-heuristic optimization algorithms which are
based on natural evolution and population It has
widespread applications since it is not bounded by
limitations like continuity, derivatives, unimodality etc.
GA is basically grouped as binary GA and real coded
GA. This paper has proposed modified real coded GA
for the optimal power flow. [16]The application of GA
starts with initial random population and probabilistic
transition rules, measuring the fithess value of the
population, operation of genetic operators like
reproduction, crossover and mutation to the strings of
OPF until the termination tolerance is reached.
[17]Though the operators are simple they are highly
nonlinear, multifaceted stochastic and complex. The
control parameters of GA are the population size, the
selection operator, the crossover rate, the mutation rate
and the number of generations to evolve a new solution.
More than one string is processed simultaneously and
used to update every string in the population.

a) Real Coded Genetic Algorithms

In a real parameter GA the action of a
selection operator causes the above average
solutions to survive in the population [18]. In each
decision variable these sub regions of above
average solutions constitute virtual characters of a
virtual alphabet. Thus after a few generations a real
parameter GA treats a continuous search space as a
discrete search space problem. In real parameter
GA implementation crossover and mutation
operators are applied directly to real parameter
values. Unlike in the binary coded GA, decision
variables can be directly used to compute the fithess
values. The difficulty arises with the search
operators. Since real parameter crossovers directly
manipulate real numbers to create the offspring, the
need of mutation operator is questionable. They do
the same task. The main distinction between a
crossover and a mutation operator lies mainly in the
number of parent solutions used for changes. The
range of perturbations has to be predefined. The
fitness for feasible solutions is the objective value
and for infeasible solutions the penalty is added in
proportion to constraint violation.

b) GA applied to the Load Flow Solution
A real coded Genetic Algorithm modified and
implemented in MATLAB is used for optimization. For

optimized values of the line power, to obtain minimum
losses in the system, the Genetic Algorithm tool is used.
The UPFC incorporated program is embedded into the
genetic algorithm program.

The load flow was conducted on IEEE 14 bus
for the base, distributed peak load, and single line
outages. .The ranking of buses was done as listed in
Table 1 based on the voltage magnitude under peak
load and contingency load factors. Bus 4 and Bus 5 is
connected to generator 2. Hence PV and QV curve was
drawn for the other critical buses 7, 9, and 10 to
determine the loadability P and Q margin and are given
as in Table 2. The reference values for specified powers
Psp and Qsp are fixed taking into account the
corresponding loadabilty margins.  The range for
parameters like line location of UPFC, Psp, Qsp, Vyg, Ver
etc whose optimum values are required to obtain
minimum losses are declared in the m-file titled ‘test’. To
run the GA using this test function a function is called
from the Matlab. This function call will use all of the
default parameters and functions of GA required .The
evaluation function in the ‘test’ m-file is the inverse of the
total losses in the system. For the specified power and
lines corresponding to weak buses, the best of GA
solution regarding the bus placement, and the UPFC
rating is determined. The technique of penalization is
used so that the solutions which do not converge and
the solutions which violate the limits of voltage stability
are eliminated for the succeeding generation. Evaluation
Function is called from the GA to determine the fitness
of each solution string or program generated during the
search.

Function[x, val] = test(x, parameters)
Value = 1/PQ Loss

These values generated by GA are incorporated
in the power flow equations and UPFC data and the load
flow solution is run again. The minimized losses are
compared for different specified powers and repeated fill
optimum. The search is quickened since the critical
buses are only considered for reactive compensation by
UPFC.

V.  SIMULATION RESULTS

Table | -V minwith Loadability Margin for Weak Buses

Bus Viin PIndex | Vmin |P Index with

No p-u w/o UPFC| ,u UPFC
p.u p.u

7 0.65 | 0.77 0.82 |1.35

9 0.60 |0.70 0.99 1.4

10 0.60 |0.75 0.85 [1.25

14 0.65 |0.78 0.90 1.3
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Fig 70 . Pload vs Ploss for different Specified Powers

VI.  GA RESULTS AND DISCUSSION

The load buses 7, 9, 10, and 14 have been
identified as critical from the peak load and contingency
load flow results clearly illustrating deficiency of reactive
power in the Table 1 and Fig1, 2, 3. The voltage stability
analysis using PV curve and the QV curve at these
critical buses has provided the loadability margin P
index and Q index .Now the placement and the rating of
UPFC plays an important role in the maximization of
voltage stability limited power transfer. The range for
parameters like line location of UPFC, Psp, Qsp, Vygr, Vcr
etc whose optimum values are required to obtain
minimum losses are declared in the m-file titled ‘test’ For
the placement of UPFC the transmission line data range
is considered for the critical buses only. For different
values of specified power Psp and Qsp , the Ploss is
obtained and compared for optimum location of the
UPFC.

VIl.  CONCLUSION

The unique PIM of UPFC is thus capable of
maximizing voltage stability limited power transfer to
increase economic operation of power system with
transmission losses minimized. Simulation results have
also demonstrated the PIM suitable for Matrix Converter
based UPFC. The placement and the rating of UPFC
plays an important role in the maximization of voltage
stability limited power transfer .The GA optimization
results has clearly illustrated the minimum transmission
power loss on IEEE 14 bus system for a specified
power and target voltage magnitude with the UPFC
optimally placed.
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Impact of Temperature, Wind Flow, Solar
Radiation, Skin Effect and Proximity Effect on
Overhead Conductor

Md. Saiful Islam®, Foredul Islam®

Absiract - When a conductor is using in an over head line it
has to face the weather surrounding of it .In any aluminium
conductor like ACSR or for other conductors the whole
conductor is not uniform and that why its current carrying
capacity is not only dependent upon ambient temperature but
also depends upon wind flow, solar radiation, skin effect,
proximity effect etc. Resistance depends upon temperature of
conductor and the temperature is affected by those effects. If
one of those effects is changed than that impact upon total
current carrying capacity of the conductor.

Index terms . Temperature effect, Wind flow effect, Solar
radiation effect, Skin effect, Proximity effect, Current
rating.

[. INTRODUCTION

esistance is simply depended on temperature
and it shows a linear relationship. For different

material is exhibits different slop but relationship
is same .here it is assumed for even layered conductor
the AC resistance and DC resistance are in linear
relationship.

The temperature might be generated within
conductor or due to surrounding higher temperature or
due to solar heat incident.

On the other hand the heats are reduced due to
wind flow or if the surrounding temperature is lower than
the conductor temperature. Radiation of heat from On
the other hand the heats are reduced due to wind flow
or if the surrounding temperature is lower than the
conductor temperature. Radiation of heat from
conductor to air is also depends upon material and the
outer surface condition like dust jacket and inter spacing
among the conductor wires. The skin effects and
proximity effects are also contribute on current of the
conductor.

From the catalog of cable industries and from
different equations it is tried to show the individual and
overall variations among the factors and overall effect on
current carrying capacity of the conductor.

Author * : Graduated from Department of Electrical & Electronic
Engineering at Dhaka University of Engineering & Technology (DUET),
Bangladesh.St. Id .062119. PH-8801718871213.

E-mall : saiffulé9@gmail.com

Author ° : Graduated from Department of Electrical & Electronic
Engineering at Dhaka University of Engineering & Technology (DUET),
Bangladesh. . St. 1d.: 062119. PH:+8801718871213

E-mail: saiffulb9@grmail.com

I1. RESISTANCE DEPENDENCE ON THE
TEMPERATURE

Since the stranding of the conductor has a
negligible effect on the ratio of effective to dc resistance
[9] and the conductor operates in the temperature range
far from the melting point, temperature dependence can
be determined as:

RTc = RTo [1 + a(Tc - TO)] (21)

Where a = 0.0039 [C-1] is the temperature
coefficient for aluminium, R;. and Ry, are the
resistances at temperatures T,and T, correspondingly.

DC resistance (Rtc)

0

Temperature (Tc)
Figure-2.1 . DC resistance Vs Temperature.

AC resistance increases due to the skin effect.
For even number layered ACSR conductors it can be
determined with a good accuracy either by the analytical
expressions or through recomputed Rac/Rdc curves [9].
For the conductors with odd number of layers, the
additional influence of the eddy currents and hysteresis
losses in the steel core cannot be neglected and the AC
resistance depends on both temperature and the
current. In the following computations, we assume even
layered conductors and linear dependence of AC
resistance only on the conductor temperature, although
nonlinear dependence could be accounted for in the
similar manner.
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HEAT LOSS DUE TO WIND FLOW

Due to wind velocity the heat dissipates from
the conductor to air. That reduces the temperature of
conductor. So it has an effect on conductor current
carrying capacity.

The formula of heat dissipated due to wind
velocity (h,,) is given by TENAGA CABLE INDUSTRIES
SDN.BHD

[T1.

_ 0.00572 u 0 2
hy = (273+4T+0.50)0123 \ﬁ w/c cm

Where: Wind velocity u in m/s , Conductor
diameter(D) in cm, Ambient temperature T in °C,
Permissible temperature increase 6 in °C.

(3.1)

Heat dissipates due to wind velocity (hwy)

0 Ambient temperature (T))
Figure-3. 7 Heat dissipated due to wind velocity Vs
Ambient temperature.

Another statement [14] forced convection heat
loss at low wind speed is:
0.52
— _ Dpr qVw
qc = KgKp (T, — T,)[1.01 + 0.371 (—Hf ) ] (8.2)
whereK 5=1.194—cos(¢)+0.194cos(2¢)+0.368
s in(2¢) is a term that accounts for the angle ¢ , K is air

thermal conductivity coefficient in W/ft, pf is air density
in Ib/ft3 & puf is absolute viscosity of air in Ib/(ft-h).

Heat dissipation (ac)

Wind velocity (Vw)

Figure-3.2 . Heat dissipation Vs Wind velocity.
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IV. HEAT DISSIPATED DUE TO RADIATION

The formula of heat dissipated due to radiation

is (hr) is given by TENAGA CABLE INDUSTRIES
SDN.BHD

hr=0.0567—(273”:09)310_5;73”) w/% cm? 4.1)

E

ki

®

8

a

3

§

ks

Q

g

el

g

I

Ambient temperature (T)

Figure-4. 1 :Heat dissipation Vs Ambient temperature.

And also can be expressed as

_ (2734T)*—(2734T,)*
hr = 0.138D€ 004

4.2)

£=0.5 is the approximate value to be used. The
solar heat gain also can be computed as

qs = aQ,A'sinf (4.3)

Where 6 = cos™![cos (H.)cos (Z. — Z;)] and
H, Z. Z; are altitude of the sun in degree azimuth1of
sun in degree azimuth of line in degree respectively.
Solar absorptivity a increases with the conductor age
depending on the atmospheric pollution and line
operating voltage a= 0.7 can be used, if the exact value
is unknown.

V. SKIN EFFECT FACTOR (y,)

If the conductor is composed of one or more
concentric circular elements, then the centre portion of
the conductor will be enveloped by a greater magnetic
flux than those on the outside. Consequently the self
induced back-emf will be greater towards the centre of
the conductor, thus causing the current density to be
less at the centre than the conductor surface. This extra
concentration at the surface is known as skin effect, and
results in an increase in the effective resistance of the
conductor.

4

Vs = 19;‘? Where x,2 = 8.71. . 1077 ks /Ryet
and f = Frequency (Hz), Ks=Factor determined by
conductor construction 1 for circular, stranded,
compacted and sectored .Rdct=DC resistance at
operating temperature t.



VI.  PROXIMITY EFFECT FACTOR (y,)

The proximity effect also increases the effective
resistance and is associated with the magnetic fields of
two conductors which are close together. If each carries
a current in the same direction, the halves of the
conductors in close proximity are cut by more magnetic
flux than the remote halves. Consequently the current
distribution is not even throughout the cross-section, a
greater proportion being carried by the remote halves. If
the currents are in opposite directions, the halves in
close proximity will carry the greater density of current.

yp = xp*/(192 + 0.8x%) - (d./S)?
-[0.312.(d./S)?
+1.18/{x,*/(192 + 0.8x,*) + 0.27}]

Where x,% = 8.7. f.1077. k, /Ry

ko = Factor determined by conductor
construction 1 for circular, stranded, compacted and
sectored 0.8 if above conductors are dried and
impregnated dc = Diameter of conductor (mm)

Since the spacing S( mm) between two
conductors is very large as compared with diameter the
proximity effect can be neglected for overhead lines.

VII.  CURRENT-TEMPERATURE
RELATIONSHIP

The current-temperature relationship of a bare
overhead conductor is addressed by IEEE standard
[10], The overhead line temperature depends on the
following conditions:

Conductor material properties

Conductor electrical current

Conductor diameter and surface conditions
Ambient weather conditions: wind, sun, air.

The contribution of the mentioned above factors
in steady state can be summarized by the Heat Balance
equation [11], as follows:

IZRTc+qs=qc+qr (71)

Where, | is the conductor current carrying capacity.

Current rating (1)

0
Ambient temperature (Ta)

Figure-7.1 . Current rating Vs Ambient temperature.

The formula [8] of current also can be expressed as

(7.2)

Rac

I = \/hw +{hr—(ws /n0)n}nDO

Current rating (1)

Ambient temperature (Ta)

Figure-7.2 . Current rating Vs Ambient temperature.

CURRENT RATING-WIND FLOW
RELATIONSHIP

Heat is generated in conductor due to
various circumstances and air acts as a cooling
agent. So wind flow is a very active parameter to
dissipate and minimize heat from conductor. It has a
contribution on current rating expressed by equation
(7.1) and (7.2).

VIII.

Current ratina (1)

0
Velocity of wind , Vw

Figure-8.1 . Current rating Vs Wind velocity.

CONCLUSION

Equation 2.1 and Figure-2.1 shows that the
resistance is directly proportional to temperature. Heat
dissipated due to wind velocity is inversely proportional
to ambient temperature. But heat dissipation increases
with the increase of wind velocity and heat dissipation
due to radiation including solar radiation with ambient
temperature. Considering all the circumstances, it can
be said that overall current carrying capacity of a
conductor increases with decrease of ambient
temperature but wind flow in reasonable range assist to
increase the current carrying capacity of an ACSR
conductor.

IX.
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Optimal Generation Scheduling of Cascaded
Hydroelectric System using Natural Exponential
Inertia Weight PSO

Nand Kishore ®

, Amita Mahor?®

Absiract - Generation scheduling is a most important task in
the operation and planning of power system. It can be on real
term, short term, medium term, and long term basis as per the
scheduled horizon. Scheduling of purely hydroelectric system
differ from the thermal scheduling and hydrothermal
scheduling problems in two aspects firstly fuel cost for the
thermal part of the system can no longer be used in the
objective function. Secondly water availability in seasonal
reservoirs is the necessary part of such system. Many
researchers suggested different solution algorithms of
optimization for each type of problem and claimed better
solution. This paper presents a Natural Exponential Inertia
Weight Particle Swarm Optimization (NEIW_PSO) approach to
determine the optimal generation schedule of hydro power
plants of cascaded hydroelectric test system.

Index Terms . Particle Swarm Optimization, Natural
Exponential Inertia Weight PSO, short term generation
scheauling.

. INTRODUCTION

he biggest share of electricity in all countries is
Tproduced by power plants driven by water, fossil

fuels and nuclear resources. Worldwide there is a
shortage of power and to fulfill the demand it is required
that the existing generation installed capacity should
enhance. To fulfill this gap of power generation and
demand, generation utilities are facing issues like
depletion of available power generation resources fossil
fuels, continuous increase in its prices and
environmental aspects. Considering above it become
must that utilization of available hydro resources should
be optimum. Connection of Hydro power plants in
cascaded fashion is a step in this direction, where the
water discharge from upstream hydro power plants
increase the water level of reservoir at downstream.
Various conventional [1] [2] and non-conventional
methods [3], [4], [5], [6] are suggested in literature to
solve such problems. Amongst all Particle swarm
optimization technique [7] is the most popular algorithm
due to its fast dynamic convergence and quality
solution. Here NEIW _PSO has been used to determine
the hourly optimal generation schedule of hydro power
plants of cascaded hydro electric test system [8] for the
time horizon of 24 hours.
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E-mail : nkmeena83@grmail.com

Author ° . Professor & Head, Department of Electrical & Electronics
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[1. PROBLEM FORMULATION

Short term hydroelectric power generation
scheduling problem of cascaded hydro electric system
can be stated to find out the water discharges through
each hydro power plants of cascaded system satisfying
all physical and operational constraints. These are in
form of demand supply balance, flow balance or
continuity equation, bounds on reservoir storage, bound
on water release or discharge, limits on spillage, and
coupling constraints that put a boundary condition on
the initial and final reservoir level.

Hydro scheduling problems requires an
optimization problem formulation. During formulation,
water travelling time from upstream power plant to
immediate downstream plant is considered of constant
value in spite of varying discharges. In present work
hydro plant problem has been formulated without
considering natural inflows, irrigation requirement and
evaporation losses.

a) Objective function
An obijective function expresses the main aim of
the model which is either to be minimized or maximized.
It is expressed in terms of design variables and other
problem  parameters. In  present  hydroelectric
scheduling problem, the goal is to minimize the
deviation between load demand including transmission
losses and generation through hydroelectric power
plants as given below:
E=MinY_, E' )
Where E'is the deviation between load demand
and generated power at time t and calculated as below:
E'= Min (112) x [(P' -2}, P)’] @
Where Pp and P, represented load demand,
power generated through jth hydro power plants of
hydroelectric system at time t respectively.

b) Constraints

The optimal value of the objective function as
given in eq. (1) is computed subjected to constraints of
two kinds of equality constraints and inequality
constraints or simple variable bounds as given below.
The decision is discretized into 1 h period.
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i. Equality constraints

a. Water balance equation

Naturally occurring reservoirs are not standard
geometric shapes. Generation associated discharge
varies with time and there are environmental and
weather factors which also contribute directly to change
in water level. A reservoir thus has a number of
independent inflows and outflows. This water continuity
equation relates the previous interval water storage in
reservoirs with current storage including delay in water
transportation between successive reservoirs water
continuity has been expressed as:

th+1 — Xlt + YJt + Uup t-8 +Sjpt-8 _ UJt _Sl_ | RJt _ ELJt (3)

For these cases average hourly evaporation
loss, irrigation requirement & natural inflows in reservoirs
of each plant of cascaded system is assumed zero.
Hence the above eq. (3) can be rewrite as given below.

4)

As hydro power plants are connected in
cascaded mode hence the water release from upstream
hydro power plants will reach to its immediate
downstream plant with appropriate time delay. The
delay time between the successive reservoirs of the
Cascaded Hydro-electric System have been mentioned
in Table 1.

th+1 - xl'( + UUp t-5 +SJp 5 U]t _Sl

Table 1 :Water travel time between consecutive hydro electric power plant of test system

Name of plant Travel time Name of plant Travel time Name of plant Travel time
P1 62 hrs P2 4 hrs P3 3 hrs
P4 17 hrs P5 0 hrs - -
ii. Inequality Constraints d. Spillage

Reservoir storage, turbine discharges rates,
spillages and power generation limit should be in
minimum and maximum bound due to the physical
limitation of the dam and turbine. Reservoir storage
before scheduled horizon and at the end of the horizon
should be taken from midterm planning.

a. Heservoir storage bounds

Hydro electric plants are the multipurpose
projects. Hence the min and max reservoir volume
should be as per the Indian standard guidelines IS
7323:1994 of reservoir operation. In hydro power plants
volume of water stored in reservoir up-to Full Reservoir
Level (FRL) is called the gross storage and is
considered as maximum bound on reservoir storage.
Generally in hydro power plants the volume of water
available between the Minimum Draw down Level
(MDDL) and Full Reservoir Level (FRL) which is also
called the live storage capacity has been used for power
generation. Hence in present work the minimum bound
of reservoir storage are the difference of gross storage
and live storage of the concerned power plants.

X]_min < th < X]_max (5)

b.  Water Discharge Bounds

This is @ minimum and maximum bound on the
release of the hydro power plant through turbine.

Ujmin < th < Ujmax (6)

c. Power Generation Bounds

Power generated through hydro power plants
should be minimum and maximum bounds.

(7)

ijln S P]t S ijax
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Spillage from the reservoir is allowed only when
to be released from reservoir exceeds the maximum
discharge limits. Water spilled from reservoir | during
time t can be calculated as follows:

Sjt — th _ Ujmax if th > Ujmax (8)

=0 otherwise
e. Initial & end reservoir storage volurmes

Terminal reservoir volumes are generally set
through midterm scheduling process. This constraints
implies the total quantity of utilized water for short term
scheduling should be within limit so that the user of the
reservoir should not be penalized. In present research
work it has been assumed that all five reservoirs are
filled up-to FRL hence gross storage has been
considered as beginning or initial storage in reservoir at
the starting of scheduled horizon. Live storage capacity
at that time considered as available water for generation
for scheduled horizon i.e. the water storage at the end of
scheduled horizon of 24 hrs has been calculated as

given below:

0 begin t end

Xj =X X =X;
on — X]_begin = X,
X[ = (X[ - X" )/365
POED CIED Cd

OVERVIEW OF PARTICLE SWARM
OPTIMIZATION

[11.

Particle swarm optimization is a population
based stochastic search algorithm which is the most



recent developments in the category combinatorial
meta-heuristic optimization. It was first introduced by
Kennedy and eberhart in 1995 [9] as new heuristic
method. The original objective of their research was to
graphically model to the social behavior of bird flocks
and fish schools. But this original version can only
handle the non-linear continuous optimization problems.
Further; the advancement in this PSO algorithm can
explore the global optimal solution of complex problems
of engineering and sciences. Amongst various version
of PSO, most familiar version was proposed by Shi and
Eberhart [10].the key attractive feature of PSO is its
simplicity as it involves only two model eq.(1) and
eq.(2).In PSO, the co-ordinates of each particle
represent a possible solution called particle associated
with position and velocity vector. At each iteration
particle moves towards an optimum solution through its

Current
Position

(P_best(i)-X*)

present velocity and their individual best solution
obtained by themselves and global best solution
obtained by all particles. In a physical dimensional
search space, the position and velocity of the particle |
are represented as the vector of

Xi= [Xil, Xi2, ceevernnnans Xid] and Vi = [Vil,Viz,
................. Vid]in the PSO algorithm.
Let P_best(l) = [Xilpb&q,xizpbeg ........ Xidpbeg] and

G_best = [Xigoesty Xogbest
the best position of particle | and global best position
respectively. The modified velocity and position of each
particle can be calculated using the current velocity and
distance from P-best (i) and G_best as shown fig 1.

C1*R1*(P best(i)->:¥) C;“R;“tG_best—Xi“]

=y Mew Position
D

—h ) Global Best
Position

(G_best-X*}

S Local Best
L y sat
— Position

Fig. 7 llustration of PSO

Mathematically velocity and position of the
particle have been updated as given below:

Vit =K {V{x o+CixRyx(P_best(i) — X*) +
CoxRox(G-best — X )}

Xik+1: Xik+ Vik+1

K =2/abs {2-C-/(C? — 4+ C) }

Where C=Ci+C,

In this velocity updating process, the value of
the parameter such as inertia weight w, cognitive rate
C1, social rate C2, random function between 0 to 1 {R1
and R2},constriction factor K should be determined in
advance. The inertia weight w is linearly decreasing as
the inertia proceeds and obtained as:

® = max - {((D max —(Dmin) |ter} /|ter_maX (1 6)

The key attractive feature of PSO is its simplicity
as it is involves only tow eq.(13) and eq.(14)the first part
of eq. (13) represent the previous velocity, which
provides the necessary momentum for particle to roam
across the search space. The second part knows as
“cognitive “component represent the personal thinking

of each particle. Cognitive component encourages the
particle moves toward their own best positions found so
far .The third part is known as the “social” component,
which represent the collaborative effect of the particle, in
finding the global optimal solution. The social
component always pulls the particle towards global best
t particle so far.

[V. DESCRIPTION OF CASCADED
HYDROELECTRIC TEST SYSTEM

In order to verify the feasibility and effectiveness
of the proposed method, a test system taken from ref.
[11] is used. The system consists of a multi-chain
cascade of five hydro power plants. The scheduling
period is one day of 24 hrs with one hour time intervals.
The test hydro system configuration is shown in fig.
(2).This hydraulic test system having huge hydraulic
coupling amongst plant 2, 3 & 4 as the maximum tail
race level of plant 2 will act as full reservoir level of plant
3 and so on.
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Fig.2 -Hydraulic coupling of hydro power plants of test system

V. GENERATION SCHEDULING USING OF
NATURAL EXPONENTIAL INERTIA
WEIGHT PSO

In PSO particles movement is governed by its
previous own velocity and two acceleration components
i.e. cognitive component & social component. Usually
implementation of PSO needs predefine parameters
inertia weight ©, cognitive rate C1, social rate C2,
constriction factor K, maximum velocity Vma, Swarm
size, topology and random number generation
techniques. Proper selection and control of these
parameters is necessary to get the good quality solution
from PSO. Many researchers has proposed modification
in PSO to improve its performance by adopt change in
any of above parameters. Natural Exponential Inertia
Weight PSO NEIW_PSO method is one of the variants
proposed by [12] where Inertia weight exponentially
decreases as given in eqg. (17).In present work
NEIW_PSO has been used to determine the hourly
optimal generation schedule of power plants of
cascaded test system for the time horizon of 24 hrs.
Details steps of implementation are given below:

t(MAXITER)/4]2

® = ® max - {(® max —® min).e’ (17)

Step 1. Initialize position of discharge particle between
U™ & U™ for population size PS.

Step 2: Initialize velocity of discharge particle between —
V™ to +V;"™*, where V;"* calculated is given

V]max - (UJmax _ UJmm)llo (1 8)

Step 3: Initialize dependent discharge matrix.

Step 4: Inialize the p_best (i) and G_best.

Step 5: Set iteration count = 0.

Step 6: Calculate the dependent reservoir storage XJ-‘.
Step 7:Check whether X;'is within limit X;™" ,X;™,

o If X' <X{™"then set X;' = X;™"

© 2012 Global Journals Inc. (US)

o If X' >X™ then set X' = X;™
(] If ijin SX]‘[SX]maX then set th = th
Step 8: Evaluate the fitness function as given below:

F(X\U)) = V[1+min(U2)xP- 5P)]  (19)

Step 9: Is fitness value is greater than G_best(i)?
e |If yes;set it as new P_best(i) then go to next
step.
e Else go to next step.
Step 10: Is fitness value is greater than G_best?
e Ifyes,setitas new G_best than go to next step.
e Else goto next step.
Step 11: check whether stopping criteria max iteration
(iter_max) reached?
e Ifyesthan go to step 19.
e Else goto next step.
Step 12: Update inertia weight using eq. (17)
Step 13: Update velocity of discharge particle using
eq.(13).
Step 14: Check whether V' is within limit V;™", ;™
o IfV{<V™thenset V' =Vv;""
o |f Vjt >ijax then set Vjt = ijax
o IFV™<V{'<V™ then set V' =V}
Step 15: Update position of discharge particles using
eq.(14). _
Step 16: Check whether Uj'is with in limit U™, U;™.
o IfU'<U™" then set Uj' = u/™"
o IfU'>U™ then set U;' = U™
(] If Ujmin SU]‘S Ujmax then set th = th
Step 17: Update dependent
considering hydraulic coupling.
Step 18: Check for stopping criteria.
o [fiter<iter_max then increase iteration count by 1
& go to step 6.

discharge  matrix
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e Else gotostep 19.

Step 19: Last G_best position of particles is optimal
solution.

VI.  RESULTS AND ANALYSIS

MATLAB programming to determine the optimal
generation schedule of test system using NEIW_PSO
has been done. Where PSO parameters C1=2, C2=2 no.
of iterations = 120 are adopted. Hourly load demand is
mentioned in Table no. (2). Program has been run on
MATLAB 7.0.1 version on a Dual core 2GB RAM Hard
disk 320GB.The results for the short term optimal
generation scheduling of hydro-electric test system
using NEIW_PSO method have been obtained for
different population size 5, 10, 15, 20 and 25 as
mentioned in Table no. (3). for each population size 10
trails of individual hours are done and amongst all 10
trials best suitable results are considered. From results
it has been observed that population size 5 is giving
best possible solution.

Table 2 - Hourly Load Demand (MW)

Demand

Hour | Demand | Hour | Demand | Hour

1 1350 9 1900 17 1850
2 1300 10 1800 18 1900
3 1350 11 2000 19 1750
4 1300 12 1800 20 1700
5 1350 13 2000 21 1600
6 1400 14 2000 22 1500
7 1500 15 1900 23 1550
8 1600 16 1900 24 1900

Table 3 : Best value of objective function at different
Population size

Population Size Best objective function
5 1.45E-16
10 4.49E-14
15 3.37E-16
20 5.34E-16
25 3.08E-16

Optimum generation schedule of all five hydro
power plants and its corresponding hourly discharge
trajectories and reservoir storage trajectories are given
in Fig. (3)- (5) respectively

2500 ~

2000 -

1500 -

1000

500

Optimal power generation schedule (MW)

mplant 5 mplant 4

123 456 7 809 1|_(|)1112131415161718192021222324
ours

Hplant 3

mplant 2 Hplant1

Fig. 3 Optimal power generation schedule of hydro power plants of test system

Optimal power generation schedule of hydro power plants shows that the capacity factor of plant 5 is maximum i.e.
53.38% followed by plant 4(47.43%), plant 2 (44.14%), plant 1 (34.28%) and plant3 (26.75%).
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Fig.5 : Reservoir storage trajectories of hydro power plants of test system

CONCLUSION

In optimal generation scheduling problem of
hydro electric system, complexity introduced by the
cascaded pattern. This problem becomes more
complex when there is hydraulic coupling between
hydro plants of cascade system. Modern heuristic
optimization techniques especially PSO gained
popularly to solve such problem due to its simplicity.
The performance of PSO is governed by its parameters
like inertia weight, acceleration coefficients and personal
and global experience of the particles. Here in present
work NEIW_PSO has been adopted to determine the
optimal generation schedule of hydro power plants of
the test system for the time horizon of 24hrs. The results
are obtained for different population sizes i.e. 5,10,15,20
and 25. It has been observed that population size 5 is
giving best suitable value of objective function (1.45E-
16). Apart from this results also show that capacity
factor of plant 5 of the test system is maximum for
effective utilization of water resources.
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APPENDIX

P Total load demand at time t
P,  Electrical power generted from J" unit of plant at
time t
X' Resenvoir storage of the J" plant at time t
X;™X™ Minimum and maximum storage in "
reservoir
Y Natural inflow in the J" plant at time t
U5  Discharge through J" plant at time t
Um™mum™ Minimum & maximum discharge through
turbine of J" plant
S'  Spill from the J" plant at time t

N Number of hydro power plant

) Time delay for water flows from upstream plant to
downstrem plant

Vi Velocity of particle | at iteration k

® Inerta weight factor

C,,C, Acceleration coeficient

R1,R, Uniformly distributed random number between 0

to 1

X Position of particle | at k iteration

P_best(i) Best position of particle | until iteration k

G_best Best position of the group until iteration k

K Constriction factor

® max Final Inertia Weight

® min linal Inertia Weight

iter Current iteration number

it_max Maximum iteration number

k [teration index

t Time

up Index of immediate upstream power plant
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Location Privacy in Mobile Ad Hoc Network
Measuring V2X Location Based Communication
Systems with Accumulated Information

Yatin Chauhan®, Prof Jaikaran Singh®, Prof Mukesh Tiwari®, Dr Anubhuti Khare®

Abstract - Wireless Mobile Ad Hoc Networks are particularly
vulnerable due to their fundamental characteristics such as an
open medium, dynamic topology, distributed cooperation,
Vehicle - to - vehicle / vehicle - to - infrastructure (V2X)
communication systems are envisioned to greatly improve
road safety, ftraffic efficiency, and driver convenience.
However, many V2X applications rely on continuous and
detailed location information, which raises location privacy
concerns. A multitude of privacy protection mechanisms have
been proposed in recent years. However, few efforts have
been made to develop privacy metrics, which can provide a
rigorous way to assess the privacy risk, evaluate the
effectiveness of a given mechanism, and exploit the full
possibilities of protection methods in V2X systems. Therefore,
in this paper we present a trip-based location privacy metric
for measuring user location privacy in V2X systems. The most
distinguishable aspect of the metric is to take into account the
accumulated information, which is the privacy-related
information acquired by an adversary for an extended period
of time, e.g., days or weeks. We develop methods to model
and process the accumulated information, and reflect the
impact on the privacy level in the metric. We further prove the
viability and correciness of the metric by various case studies.
Our simulations find out that under certain conditions,
accumulated information can significantly decrease the level of
user location privacy. The metric and our findings in this paper
give some valuable insights into location privacy, which can
contribute to the development of effective privacy-protection
mechanisms for the users of V2X systems. and constrained
capability. Location information of nodes can be critical in
wireless ad hoc networks, especially in those deployed for
military purposes. In this paper, we present study of various
method of receiver location privacy in mobile adhoc network.
Keywords : Vehicle-to-vehicle/vehicle-to  infrastructure
(V2X) communication Ad Hoc Networks systemns.

. INTRODUCTION

he emerging vehicle-to-vehicle/vehicle-to
Tinfrastructure (V2X) communication  systems
enable a new way of cooperation among vehicles,
traffic operators, and service providers. Based on
Dedicated Short Range Communications (DSRC)
technology, vehicles can communicate among each

others and with the entities in the back-end system via
Roadside Units (RSU). It is envisioned that V2X
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communication systems can significantly improve road
safety, ftraffic efficiency, and driver convenience.
Example V2X applications include collision warning,
floating car data, and location-based services. If
deployed, such systems will be one of the biggest
realizations of Mobile Ad Hoc  Networks
(MANET).However, many V2X applications rely on
continuous Recent wireless research indicates that
wireless Mobile Ad Hoc Networks (MANET) present a
larger security problem than conventional wired and
wireless networks [1,2]. In the traditional Internet, routers
within the central parts of the network are owned by a
few well-known operators and are therefore assumed to
be somewhat trustworthy. This and detailed location
information of the vehicles. Vehicles are personal
devices. Locations of a vehicle reveals the movements
and activities of its driver and passengers. Sending and
disseminating location information of the users of V2X
systems has the potential to infringe the users' location
privacy. The location privacy issue inV2X communication
systems has been identified and amultitude of privacy-
protection mechanisms have been proposed in recent
years, e.g., in [1]-[4].To evaluate the effectiveness of
these mechanisms, a metric for measuring the level of
user location privacy is crucial and indispensable. For
example, we need a metric which can tell us that the
user privacy level has been increased by 20% after
applying one of the protection mechanisms. However,
so far the main focus on the topic is to devise privacy-
protection mechanisms, very few metrics exist for
measuring user location privacy in V2X systems in a
rigorous way. Hence, the usefulness of privacy-
protection mechanisms cannot be strictly evaluated and
compared and the trustworthiness of V2X systems
cannot be assessed. Furthermore, the range of possible
protection methods cannot be fully exploited. In our
previous work [5], we introduced a trip-based location
privacy metric to measure the level of location privacy of
individual users in V2X systems. Based on the
observation that the uncertainty of a potential adversary
and the user privacy level are indeed two sides of the
same coin, the metric measures the level of location
privacy as the link ability of location information to the
individuals who generate it. The uncertainty in the
information is quantified into entropy. Our previous work
assumes that the information available to the adversary
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is limited to a short period of time. To stay realistic, it is
reasonable to assume that an adversary will do its best
to decrease the uncertainty of the obtained information.
Therefore, the adversary is likely to take the maximum
available information into account. In particular, the
adversary will try to utilize the accumulated information,
which is privacy-related information acquired by
capturing communications from running V2X systems
for an extended period of time, e.g., days or weeks.
Hence, the assumption of a limited time period is over-
simplified from the real world.

To reflect the true underlying privacy value in
V2X communication systems, the metric must take into
account the impact of accumulated information on
privacy level. Intuitively, the more information an
adversary has, the more it can draw conclusions with
fewer uncertainties. However, the impact of
accumulated information on location privacy has not
been investigated up to now. In this paper, we address
this issue by extending the current location privacy
metric to take into account accumulated information. As
a result, the metric can more accurately reflect users'
privacy value in V2X communication systems.
Specifically, in this paper we develop a method to model
the accumulated information, design approaches to
process, propagate, and utilize the accumulated
information, and reflect the effect in the metric, prove the
viability and correctness of the metric by means of
various case studies. In the following, Section Il gives
the background information on the basics of the trip-
based location privacy metric. Section Ill describes the
method to model the accumulated information. Section
IV introduces two approaches to process the
accumulated information and reflects it in the metric.
Section V evaluates the metric by case studies. Section
VI discusses the related work, followed by the
conclusion in Section VI

[I. METRIC FUNDAMENTALS

This section gives the necessary background
information on the tripbased location privacy metric
introduced in [5].In V2X communication systems, each
time a vehicle sends a message, it gives out its location
information to the system. Although there are different
levels of granularities, the location information in V2X
systems can be categorized into three types, i.e., single
locations, tracks, and trips. Location information only
becomes privacy relevant if it can be linked to
identifiable individuals. Since for privacy concerns
vehicles are very likely to use pseudonyms in
communications [6], [7], information on single locations
and tracks are less privacy-sensitive than the
information on trips, which can be used to infer an
individual's identity and activities. The first step to
measure privacy is to capture the information on trips
and individuals in an arbitrary defined area and time
period. Hence the metric virtually takes a "snapshot" of
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the dynamic V2X systems. he information captured in
the snapshot is then modelled in a weighted tripartite
graph, shown in Fig.1. The graph contains three distinct
sets of vertices,ie.,, | , 0 , and D, which represent
Individuals, Origins and Destinations of the trips. An
adversary's knowledge on the link ability of an individual
to a set of trips is expressed in probability distributions.
The probabilities are used as the weights on the
directed edges. For example, Pjk is a weight on an edge
(Vj ,VK) between the vertices Vjand Vk .

information modelled in weighted tripartite graph

For an individual to make a trip (e.g., 01
d1) , he or she must start from one of the origins, e.qg., i
1 from 01 . If the trip from 01 ends at one of the
destinations, it must be possible to link i 1 to d1 as well.
Due to the uncertainty in the information, there can be
many of such possible linkings among the vertices. A
closed walk or a cycle starting from a vertex /s and
passing vertices {o/ ,dd in the graph has the semantics
of is 's probability Pk to make a trip with origin OJ and
destination dk. By collecting all cycles connected to a
particular individual in the graph, we can extract the
probability distribution of the link ability of that individual
to a set of trips. The probability distribution can be
graphically expressed as a hub-and-spoke structure,
shown in Fig. 2. The last spoke with probabilityoCin the
clock-wise order denotes the probability of an individual
not making any trips, i.e.,"staying at home". assumption
no longer holds in an Ad Hoc network, since all nodes
entering the network are expected to take part in routing.
Also, because the links are usually wireless, any security
that was gained because of the difficulty of tapping into
the network is lost.

Furthermore, because the topology in such a
network can be highly dynamic, traditional routing
protocols can no longer be used. Thus, Ad Hoc network
has much harder security requirements than the
traditional network and the routing in Ad Hoc networks is
an especially hard task to accomplish securely, robustly,
and efficiently.

In general, the wireless MANET is particularly
vulnerable due to its fundamental characteristics of
open medium, dynamic topology, absence of central
authorities, distributed cooperation, and constrained
capability. The existing security solutions for wired
networks cannot be applied directly in wireless MANETS.



Applications that make use of ad hoc routing
have heterogeneous security requirements.
Authentication, message integrity, and nonrepudiation to
an ad hoc environment are part of a minimal security
policy. Apart from these, there are several other security
issues [1, 3] such as black hole atiacks, denial of
service, and information disclosure. A location
disclosure attack can reveal something about the
locations of nodes or the structure of the network. The
information gained might reveal as to which other nodes
are adjacent to the target, or the physical location of a
node. In the end, the attacker knows which nodes are
situated on the route to the target node. If the locations
of some of the intermediary nodes are known, one can
gain information about the location of the target as well.
In many cases, the location information might be very
crucial. In MANETSs installed for tactical/military missions
in a hostile and/or unknown territory, these types of
attacks have to be prevented. In many cases, the
communicating nodes need to be anonymous—no
other node in the network should know who is
communicating with  whom. Initially, we present a
solution that achieves complete anonymity and discuss
trade-offs between complete anonymity and difficulty in
identifying misbehaving nodes.

We then present enhancements to our protocol
to prevent these attacks albeit at the cost of complete
anonymity The problem we are going to address in this
paper is receiver location privacy even while the routing
protocol is already supporting identity anonymity. In
such a scenario the eavesdropping adversary tries to
track the route discovery messages to infer some
information about the destination’s venue or the route
established between source and destination. To realize
the importance of location privacy imagine a MANET in
a battlefield where the nodes are living soldiers. If the
adversary breaks the location privacy of the nodes in
such a scenario the existence of the soldiers would be
revealed and also their lives Might be in danger The rest
of this paper is organized as follows. In section Il some
related works are reviewed. Section Il gives an overview
of the ANODR protocol. Section IV describes the
adversary model. Section V concludes this paper
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Chaum’s mixnet [8] and DC-net [9] were the

origin of many future ideas to address private

communication. Mixnet removes the correlation between
sources and destinations. A mix node is a network
member that performs encryption and padding on its
received messages and sends them out in a random
order so that it is impossible for outsiders to distinguish
which output message belongs to which input message.
DC-net [9] is based on binary superposed sending. In
DC-net the anonymity set is composed of all potential
senders. Each sender shares a secret key at least with
one other user. If sender A is wishing to send a
message, it should superpose the message with its
exchanged secrets. Other users superpose in the same
manner (if no message to send they superpose zero
with shared keys). All messages are transmitted to the
receiver. The sum of these messages is the message of
A, because every secret is added twice and canceled.
Therefore, the message is delivered without revealing
the originator. Another solution proposed for wired
networks is Crowds [10]. Crowds consists of a number
of network users. Before a data request is sent to the
server it is chained randomly through a number of
crowds members, so that the server knows that it came
from one of the members, but he has no idea about the
original sender. The protocols proposed to provide
anonymity
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in wired networks assume having a fixed topology and
usually having trusted third parties. Such solutions are
not suitable for MANETs as well as any other mobile
scenario in which the network topology might change all
the time. Most of the routing-based anonymous
protocols for MANETs try to address the identity
anonymity issue, e.g. are static and data is always sent
to a powerful sink. One of the first simple ideas to
address the destination location privacy in ad hoc
routing protocols was not to stop the route request
packet flow at the destination node and continue with
that for several extra hops to hide the receiver's venue.
Also for route location privacy the authors of ARM [7]
proposed not to forward the RREP message only on the
discovered route which is the case in every other
MANET routing protocols, but to form a cloud of routes
around the real one. This is done by adding a TTL field
to the packets which is used to forward them for a
number of hops around the discovered path. The
neighbors of the nodes en route who receive the RREP
message should broadcast it after replacing some fields
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by random numbers and their neighbors would do so fill
the TTL reaches zero. Therefore the discovered route is
covered by some fake flows. Also the data packets will
be broadcasted in a limited number of hops around the
discovered route for the same purpose. This solution
provides route location privacy to some level, i.e. makes
the adversary uncertain about the real route’s location
inside the cloud, but can not hide the destination’s
location which might be of higher importance. We refer
to this idea of ARM as route cloud idea. Some location
privacy solutions for MANETS are proposed for geo-
routing scenarios, e.g. [14] addresses destination
location privacy for the category of MANETSs in which
geographic information of the nodes is available.

This protocol uses the location information of
the destination node to generate an area including the
destination to deliver the data packets to all of the nodes
in that. The number of nodes inside the anonymity zone
determines the privacy level provided by the protocol.
On the other hand, measuring the network anonymity in
general is another issue in private communication
research area. [15] and [16] have proposed information
theory based metrics to quantify privacy. The basic idea
is that the privacy degree is maximized when all
anonymity set members have the same probability to be
the real object of interest.

IV.  OVERVIEW OF THE UNDERLYING
ROUTING PROTOCOL

We use the identity free routing protocol,
ANODR [5], to evaluate the location privacy ideas of
RDIS. We apply our ideas to ANODR as an underlying
routing protocol to Provide it with destination location
privacy. In fact, it could be possible to apply RDIS
techniques to other identity anonymous MANET routing
protocols in appropriate ways. ANODR is an ID-free
anonymous routing protocol in which each hop on the
route is associated with a random route pseudonym.
The sender initiates a RREQ packet containing a
sequence number, a global trapdoor and an onion. The
sender initiates the onion by generating some random
nonce as the onion core and encrypting it with its own
secret key. The global trapdoor is some well known tag
encrypted by the destination node’s public key, so it can
be opened only by the intended destination. If a node
receives a RREQ, it will try to open the trapdoor with its
private key. If it succeeds and sees the well known tag it
will consider itself as the destination and initiates the
RREP message. Otherwise, it adds a self aware layer to
the one is a highly motivated passive avesdropper who
has the ability to monitor the traffic all over the network,
for example by employing several overhearing nodes in
different points of the network to cover the whole area.
Our goal against this adversary is to prevent it from
finding the destination’s venue and also the path
between communicating pairs. The second attacker
considered is an internal adversary, which is a
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compromised node in the network. The adversary can
take control of the compromised node. The private
routing protocol should make it impossible for him to
break the location privacy of the destination even if it is
located on the route. Internal Adversaries should be
prevented from finding out if their neighbor nodes are
source or destination even if they are on the same route.
We suppose that the compromising capability of the
adversary is not unlimited onion and encrypts the new
onion with its secret key and also attaches a one time
public key to the message and rebroadcasts it. The next
nodes would do the same and would record the one
time public key sent by the previous node which will be
used in RREP phase. Eventually if the destination
receives the RREQ message it will initiate the RREP
message. The nodes on the route from the destination
to the sender will directly forward this message to the
sender. The RREP message includes the proof of
trapdoor opening, Froofdes, generated Dby the
destination, which the sender will use to verify if the
RREP is initiated by the intended destination. Every
node on the route generates a random route
pseudonym, Kseed, encrypts it by the one time public
key of the previous node and replaces that in the
appropriate field of the received RREP message. The
route seudonym will be used as the shared secret key
between every two consecutive nodes en route in data
forwarding phase. The onion and the proof of trapdoor
opening are encrypted by the route pseudonym to hide
them from outsiders. Every intermediate node opens the
random route pseudonym with its one time public key
and then uses it to extract the onion. Then it strips its
own layer from the onion expecting to see what it has
encrypted a while ago and modifies that with its route
pseudonym and stored one time public key and
forwards that to the previous node on the route.
Eventually when the sender receives the RREP packet it
will open the onion and check for the appropriate proof
of successful trapdoor decryption. If the onion data
matches the previously generated onion core and the
proof of trapdoor decryption is shown, the route
discovery is done.

The RREQ
and RREP packet formats are as follows:

RREQ : < RREQ, seg#, global trap, onion, PK — 1time >

RREP : < RREP, {Kseed}PK—1time, fKseed (Proofdes,
onion) >

Each intermediate node records the
correspondence between its own route pseudonym and
its upstream node’s route pseudonym in its routing
table. When a data packet is received, the intermediate
node looks up its routing table for the received route
seudonym. If it is found, the node would replace the
route pseudonym with the next hop’s corresponding one
and forward the packet. Otherwise, the packet will be
discarded. A symmetric key would be piggybacked in



the first global trapdoor from the destination to the
sender as the end to end encryption key for next
contacts. To avoid public cryptosystem’s expenses, this
symmetric key will be used for the next RREQ messages
from the same sender to the same destination
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e.g. in case that the route is broken due to node mobility
and a new route shall be reestablished [17].

V.  ATTACKER MODEL

a) Message Type Unification Idea

In ad hoc routing protocols when the
intermediate nodes receive the route reply packet, they
typically use their keys/secrets stored in RREQ
forwarding phase to realize that they are located on the
route and they must forward the received reply
message. A global eavesdropper can track the RREP
message flow to find the discovered route between the
source and the destination. Also he is able to discover
the physical location of the communicating pair by
observing the origins of RREQ/RREP messages. The
main contribution of this work is to hide the destinations’
location by making it impossible for the adversary to
determine the origin of route reply packets. We use the
same message type, ADIS, for RREQ and RREP
packets. The nodes on the route use the keys to check if
this is a RREP message intended to them. So when a
RDIS-RREP message is forwarded, the nodes out of the
route would behave exactly as they do about a
RDISRREQ message till the TTL field reaches zero. As
we will describe, after a random number of hops the
RDIS-RREP packet is changed to a RREP packet as
Figure 1 shows. This is because forwarding the reply
packet in RDIS-RREP format toward the source causes
a high overhead due to two reasons. First, the RDIS-
RREP packet will be broadcasted by every node
receiving that till 77L = 0, and second the size of a
RDIS-RREP packet is larger than a normal RREP packet.
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b) Applying RDIS to ANODR

In this section we are going to describe how the
ideas of RDIS can be applied to ANODR to provide
destination location privacy as well as route privacy. To
apply RDIS to ANODR we need to change the
appearance of the route request and the route reply
messages to the unified one so that the RDIS-RREP flow
seems to be part of the RDIS-RREQ flow to any outsider
without losing the routing functionalities. For this
purpose several properties should be considered. One
is the size of RDIS-RREP and RDIS-RREQ packets
which should be the same to prevent the outsider to
distinguish them. Another one is that the appearance
difference from the RDISRREQ packet the destination
node receives and the RDISRREP packet it initiates
should be similar to the difference between a received
RDISRREQ packet received at any other node and the
RDIS-RREQ packet broadcasted consequently by it
Therefore the initiation of the RDISRREP message would
look like a part of the RDIS-RREQ flow. Also every field
of one of these two message types should change with
the same pattern as the other one. For example, the
sequence number which is a fixed field in RDIS-RREQ
should be preserved the same in the corresponding
RDIS-RREP flow. As a matter of course we change the
content of the message type field in both of them to the
same packet type, AD/S. When a node receives a ADIS
packet with a new seg#, it will generate a random
number between 0 and 1. If the number is less than a
fixed parameter Ff the node will proceed with the
packet, otherwise it will do nothing and therefore discard
the packet.If the node decides to proceed with the
received packet it will record the seg# in its routing
table and will proceed with the message to follow the
ordinary ANODR behavior (described in section ll).
When the destination node receives the RDISRREQ
message it generates the corresponding RDIS-RREP
packet. It decreases the received TTL by one. The RDIS-
RREP packet includes a sequence number field filled
with the same seg# of the corresponding RDISRREQ (in
regular ANODR there is no sequence number or TTL in
reply packets). The global trapdoor is preserved in
RDIS-RREP. We change  Kseed}PK-1time to
{REPLY,Kseed}PK—1/ime in the RDISRREP packet. In
order to match the size of the RDIS-RREP packets we
need to add an additional field in the RDIS-RREQ
packets filled with random data. So all in all a RDIS-
RREQ packet will look like < RDIS, TTL, seq#, global trap,
onion, PK— 1time, random field > and a RDIS-RREP
packet will look like < RDISTTL, seg#, global trap,
REPLY,Kseed} PK—1time, fKseed (Proofdes, onion) > The
adversary may distinguish between the RDIS-RREQ and
RDIS-RREP messages because he knows that the onion
length in RREQ messages increases as the message
nears the destination and the onion length in RREP
messages decreases as the message gets further from
the destination. Therefore the onion length should be
fixed. In an improved version of ANODR the length of
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the onion is fixed at 128 bit [18].Every node applies its
symmetric key encryption on the 128 bit long onion. In
RDIS, we use this mechanism to prevent the adversary
from using the varying length of the onion to analyze the
message type or the distance from the destination.
When a node receives a ADIS message while it has
forwarded another ADIS message with the same seg#
before, it will try to open {REPLY,Kseed}PK—1zme using
its one time public key generated during the RREQ
phase. If after such a decryption the node can see the
REPLY tag it realizes that this packet is a RDIS-RREP
intended to it. Then it will generate a random number
between 0 and 1. If this number is greater than a fixed
parameter Frit will decrease TTL by one and replace the
Kseed and the onion with its own (see section llI).
Otherwise, it will change the RDIS-RREP message to a
normal RREP message as shown below, but the TTL
field will be preserved to be used for the route cloud
idea. So one of the nodes en route randomly will change
the RDIS-RREP packet to a normal RREP as follows,
which except having the TTL field is the ordinary reply
packet format in ANODR: < RREP, TIL,
{Kseed}PK—-1time, fKseed (Proofdes, onion) > Let us
assume 7rep is the maximum time that a source node
waits to receive the corresponding RREP after initiating
the RREQ. We consider the recorded one time public
keys at the nodes as fresh keys during 7rep seconds
after being generated. When a node receives a packet
like the above RREP packet and it has a fresh one time
public key it will use it to find out if the packet is
intended to it (by opening the onion as in ordinary
ANODR). If so, the node will modify the reply packet as
described in lll and will also decrease TTL by a random
number among 1,2,3 and 4. Therefore this packet will be
forwarded on the discovered route normally till it reaches
the destination. When a node that is not located on the
discovered route receives such a packet and it realizes
that the packet is not intended to it, it will generate a
random number among 1,2,3 and 4 and will decrease
the TTL by that. It will also replace the next two fields
with random bits without changing the packet size and
broadcasts the packet. Therefore a cloud of routes will
be formed around the route and the discovered route
will be hidden among them. This will provide the
protocol with route location privacy.

c) Ring route idea in RDIS

As mentioned before, in RDIS instead of a route
between the source and destination we form a ring route
such that the two communication end nodes are located
on that. For this purpose the destination node should
respond not only to the first received RREQ message
but to the first two of them. Therefore two routes will be
formed between the source and the destination. As
mentioned above, in RDIS every received RREQ packets
are proceeded by every node by some probability. One
consequence of this property is that the first discovered
route is not necessarily the shortest one and also the
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first two discovered routes might be quite far from each
other (because the intermediate nodes are chosen quite
randomly and the two paths are not necessarily the
shortest ones). When the source node realizes that two
routes are discovered it starts sending data packets to
the receiver through the first one. We use the
established routes bidirectionally. It is possible because
every two neighboring nodes on a route are sharing a
link pseudonym pair which are used to forward the data
packets over the route. When the destination receives
any data packet it forwards it to the first node on the
other route and the data packet will be forwarded (in the
reverse direction) through that route to reach the source
node. Then the source node will discard it. Therefore it is
impossible for any eavesdropping adversary to
distinguish the destination among the nodes on the ring
by tracing the data packets.

VI.  CONCLUSION AND FUTURE WORK

In this paper we present a trip-based location
privacy metric for measuring location privacy of the
users of V2X communication systems. To reflect the true
underlying privacy values, the metric includes
accumulated information and reflects the impact in the
privacy measurement. We model the accumulated
information and develop approaches to process,
propagate, and utilize the accumulated information in
the metric. We evaluate the viability and correctness of
the metric by various case studies and extensive
simulations. Our simulations show that under certain
conditions, accumulated information can significantly
decrease users' location privacy. is a valuable tool to
evaluate and develop privacy- V2X systems. In future
work, we will further evaluate our metric with more
scenarios and realistic V2X applications. The evaluation
will also include existing privacy-protection mechanisms
proposed to V2X systems. The current metric only
measures privacy of individual users. The possible
interrelations among individuals and their impacts on the
level of location privacy will be investigated to determine
location privacy in a global view. The metric is
extensible, which means when it is necessary, we can
add other identified attacks on location privacyto the
metric in the future.
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Real Time Implementation of Analysis of Ecg
Characteristic Points Using Discrete Wavelets

Manimegalai.P*, Bharathi.P°, Dr.K. Thanushkodi®

Abstract - Automatic extraction of time plane features is
important for cardiac disease diagnosis. ECG signals
commonly change their statistical property over time and are
highly non- stationary signals. For the analysis of ECG signals
wavelet transform is a powerful tool. This paper presents a
discrete wavelet transform based system for detection and
extraction of P wave, QRS complex, and ST segment. The
features like amplitude, frequency, energy are extracted from
the Electrocardiogram (ECG) to classify them into normal and
arrhythmic. The extracted features are given as input to neural
network to classify them into normal and arrhythmic. The
algorithm was implemented in MATLAB and the same was
implemented in real time using Lab VIEW by acquiring the
signal from subjects using BioKit(3-lead ECG).The above
wavelet technique provides less computational time and better
accuracy for classification, analysis and characterization of
normal and abnormal patterns of ECG.

Keywords = P, Qrs, St Segment, Discrete Wavelets,
Cardiological  Analysis, Artificial  Neural ~Networks,
Matiab, Lab View.

. INTRODUCTION

he ECG is a graphic record of the direction and
magnitude of the electrical activity that is
generated by depolarization and repolarization of
the atria and ventricles.[1] One cardiac cycle in an ECG
signal consists of the P-QRS-T waves. To find a heart
disease, physicians inspect ECG for the existence of
abnormal patterns like irregular beat, inter- atrial block,
ST level change, morphologic change, and so on.
However, bio-signals being non-stationary signals, the
reflection may occur at random in the time-scale (that
is, the disease symptoms may not show up all the
time, but would manifest at certain irregular intervals
during the day). From the practical point of view, for
the effective diagnostics, the study of ECG parameters
have to be carried out over several hours. The volume
of the data being enormous, the study is tedious and
time consuming and the possbility of the analyst
missing the vital information is high. Hence,
computer based analysis and chssification of
diseases can bevery helpful in diagnosis.

A large number of techniques exist in the
literature for the automatic detection and classification
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of ECG beats, P wave features and myocardial
ischemia through the identification of ST deviations and
P -wave variations in the ECG. These include the use of
Time Domain Approaches, Artificial Neural Networks,
Principal Component Analysis, Fuzzy and Neuro-Fuzzy
Systems etc.

While the use of wavelets for analysis and
classification of biomedical signals, including some
components of the ECG, are well documented [6, 7].
Wavelets  offer an  important  information-rich
parameterization method for data reduction of the ECG
time-series [8]. Recently, of the number of techniques
proposed to detect these features, our procedure using
discrete wavelets proved to be one among the best.

[I. ELECTROCARDIOGRAM

Fig 7 :ECG waveform

An electrocardiogram (ECG) is a graphical
record produced by an electrocardiograph, which
records the electrical activity of the heart over time. The
signal is constructed by measuring electrical potentials
between various points of the body using a
galvanometer. Understanding the various waves and
normal vectors of depolarization and repolarization is
very important to obtain useful diagnostic information.
ECG signals have a wide array of applications
throughout the medical field in determining whether the
heart is functioning properly or suffering from any
abnormalities. Fig.1 shows an example of a normal ECG
trace, which consists of a P wave, a QRS complex and a
T wave. The P wave is the electrical signature of the
current that causes atrial contraction; the QRS complex
corresponds to the current that causes contraction of
the left and right ventricles. The T-wave results from the
current generated during rapid repolarization of the
heart.

a) P-wave features
This is a recording of atrial depolarisation. Most
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of the time this starts in the sinoatrial (SA) node and the
predominant direction of the impulse across the atria is
inferiorly and from right to left. This generates a positive
deflection in the leads that look at the heart from below.
A typical P wave is is 0.06 to 0.10 sec (60 to 100 ms) in
duration and is 0.2 mv to 0.3 mv in amplitude. As five of
the six chest leads are mostly on the left side of the
body and in approximately the same vertical plane there
will generally not be much difference in the P-wave in
these leads with small positive deflections seen in each.
Lead V1 looks across the atria and sees the atrial
depolarisation pass across its view. Thus the P-wave
typically has a biphasic waveform in this particular lead.
Occasionally, if there is damage to the SA node, the
initiation of the electrical activity can arise from other
parts of the atria. If this is lower down in the atria the
impulse has to move in the opposite direction to normal.
In these circumstances P-wave deflections are in the
opposite direction. The P-wave can be thought to have
two components. The first half of the P-wave is made
mainly by the right atrium. The second half comes from
the left atrium. The best two leads to examine the P-
wave are leads Il and V1 as they look at the atria in
opposite directions. These two leads are typically used
as rhythm strips as they emphasis the P-wave. (Lead Il
looks along the axis of the atria, and V1 looks across the
atria.) Disease processes that cause strain on the right
atrium cause a typical enlargement of the first half of the
P-wave. This gives a taller, peaked P-wave. Lung
disease could lead to right atrial strain and thus this tall
P-wave is known as P pulmonale. Enlargement of the
left atrium causes exaggeration of second part of the P-
wave and this leads to the typical bifid "m" shape in lead
I, and larger negative deflection in second part of the P-
wave in lead V1. This is called P mitrale.

b) QRS Complex

The QRS complex is a structure on the ECG
that corresponds to the depolarization of the ventricles.
Because the ventriclkes contain more muscle mass than
the atria, the QRS complex is larger than the P wave. In
addition, because the His/Purkinje system coordinates
the depolarization of the ventricles, the QRS complex
tends to look "spiked" rather than rounded due to the
increase in conduction velocity. A normal QRS complex
is 0.06 to 0.10 sec (60 to 100 ms) in duration. Not every
QRS complex contains a Q wave, an R wave, and an S
wave. By convention, any combination of these waves
can be referred to as QRS complex.

i. Tachycardia

Tachycardia typically refers to a heart rate that
exceeds the normal range for a resting heart rate.
Ventricular tachycardia is a potentially life-threatening
cardiac arrhythmia that originates in the ventricles. It is
usually a regular, wide complex tachycardia with a rate
between 120 and 250 beats per minute. a. Some
tachycardias are relatively harmless and need no
treatment, but others can be life- threatening [22].

© 2012 Global Journals Inc. (US)

Ventricular tachycardia is a common, and often lethal,
complication of a myocardial infarction (heart attack).

i. Bradycardia

A slow rhythm, (less than 60 beats/min), is
labeled Bradycardia. This may be caused by a slowed
signal from the sinus node (termed sinus Bradycardia),
a pause in the normal activity of the sinus node (termed
sinus arrest), or by blocking of the electrical impulse on
its way from the atria to the ventricles (termed AV block
or heart block). Bradycardia may also be present in the
normally functioning heart of athletes or other well
conditioned persons. Sinus bradycardia is an unusually
slow heartbeat where the normal pacemaker is still in
control. This commonly occurs in athletes or during a
state of deep relaxation. However, the slowing of the
heart rate can also be abnormal. [23]

iii.  Bundle branch block

A bundle branch block refers to a defect of the
heart's electrical conduction system. Prompted by the
clinical impression that patients with right bundle branch
block have a better prognosis than do those with
cardiographic evidence of a left bundle lesion. [24].
When a bundle branch or fascicle becomes injured (due
to underlying heart disease, myocardial infarction, or
cardiac surgery), it may cease to conduct electrical
impulses appropriately. This results in altered pathways
for ventricular depolarization. Since the electrical
impulse can no longer use the preferred pathway across
the bundle branch, it may move instead through muscle
fibers in a way that both slows the electrical movement
and changes the directional propagation of the
impulses. As a result, there is a loss of ventricular
synchrony, ventricular depolarization is prolonged, and
there may be a corresponding drop in cardiac output.

iv.  Ventricular fibrillation

Ventricular fibrillation occurs in the ventricles
(lower chambers) of the heart; it is always a medical
emergency. If left untreated, ventricular fibrillation can
lead to death within minutes. When a heart goes into V-
fib, effective pumping of the blood stops. V-fib is
considered a form of cardiac arrest, and an individual
suffering from it will not survive unless cardiopulmonary
resuscitation (CPR) and defibrillation are provided
immediately. Ventricular Fibrillation (VF) and Ventricular
Tachycardia (VT) are life-threatening cardiac arrhythmias
generally observed in adults with coronary artery
disease[21].

c) ST-SEGMENT

The ST segment represents the time between
the ventricular depolarisation and the repolarisation. The
ST segment begins at the end of the QRS complex
(called J point) and ends at the beginning of the T wave.
Normally, the ST segment measures 0.12 second or
less. The precise end of depolarisation (S) is difficult to
determine as some of the ventricular cells are beginning
to repolarise. Abnormalities of the ST segment may
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consist of either abnormal straightening, depression, or
elevation. ST segment changes can be caused by
serious impairments such as hypertension or coronary
artery disease.

i. Myocardial Ischemia

Heart disease is the one of the leading causes
of death all over the world with Myocardial Ischemia and
Infarction (collectively called Coronary Heart Disease or
CHD) being the most common among these cardiac
disorders. Myocardial Ischemia and Infarction stem from
the insufficient supply of blood to the heart muscle
(myocardium) due to blockages in the coronary artery,
which is responsible for providing blood to the heart.
The development of plaque within the coronary artery
that blocks more than 7000 of the lumen of the vessel
can cause symptoms of Myocardial Ischemia, such as
decreased exercise tolerance and exertional angina to
appear. At times this may be the first instance where the
subject begins to experience effects of the suboptimal
operation of the heart due to decreased blood supply.
As large areas of the heart muscle become ischemic, its
relaxation and contraction patterns are affected which
causes variations in the ST-level and T-wave in the
Electrocardiogram (ECG) due to the development of an
injury current [10] between the ischemic and non-
ischemic regions of the heart. If the blood supply to the
heart muscle is restored, Myocardial Ischemia can be
reversed thus making the early and correct diagnosis of
Myocardial Ischemia an imperative task. Myocardial
Infarction, however, is not reversible and represents the
death of heart muscle due to prolonged lack of blood
supply to the heart.

I1I.  WAVELET TRANSFORM

Wavelets are a powerful tool for the
representation and analysis of such physiologic
waveforms because a wavelet has finite duration
(compact support) as contrasted with Fourier methods
based on sinusoids of infinite duration. It is possible to
analyse any signal by using an alternative approach
called the multi resolution analysis (MRA). MRA, as
implied by its name, analyses the signal at different
frequencies with different resolutions. Every spectral
component is not resolved equally as was the case in
the STFT. MRA is designed to give good time resolution
and poor frequency resolution at high frequencies and
good frequency resolution and poor time resolution at
low frequencies. The Wavelet analysis does this by
using a windowing technique with variable-sized
regions. Discrete wavelet transform (DWT) is obtained
simply by passing a discrete signal through a filter bank.

Wawelet theory can be understood and
developed only by using such digital fiters[4]. This is
the meeting point between wawelets and sub band
coding and the orign of two different

nomenclatures for the same concepts. In fact, wavelet
fransform and sub band coding are so closely
connected that both terms are often used

interchangeably. Filter banks are structures that allow a
signal to be decomposed into sub signals through
digital filters, typically at lower sampling figure 2 shows
a two-band filter bank.
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Fig 2 One-level two band perfect reconstruction filter
bank.

The DWT analyses the signal at different
resolution  (hence, multiresolution) through the
decomposition of the signal into several successive
frequency bands. The DWT utilizes two set of functions
a(t) and Y(t), each associated with the low pass and the
high pass filters respectively [11].These functions have a
property that they can be obtained as the weighted sum
of the scaled (Dilated) and shifted version of the scaling
function itself:

wi(r) =2 glnkp2t —n) &)

m

Here, h[n] and g[n] are the half band low pass
filter and high pass filter respectively.

V. METHODOLOGY

The block diagram shown below are the steps
to detect and extract the P, QRS, ST segment .The
individual steps are described separately in the following
topics.

ACQUIRED DENOISING AND P,QRS,ST-SEGMENT DETECTION
‘ BASELINE DRIFT ‘ AND EXTRACTION USING
ECG SIGNAL REMOVAL WAVELETS
CLASSIFICATION OF NORMAL AND CHARACTERISTIC FEATURE
ABNORMAL SIGNAL - EXTRACTION

Fig 3 . Block Diagram of ECG characteristic points
extraction

a) Denoising And Baseline Drift Removal

The ECG signal is acquired using Biokit
physiograph and abnormal data are collected from
www.physionet.org. Pre-processing of ECG signals
helps us to remove unwanted components in ECG
comprises of Power line interference, Bectrode pop or
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contact noise, Patient-electrode motion artifacts,
Electromyographic (EMG) noise, Baseline wandering.

Among these noises, the power line
interference and the baseline wandering are most
significant and can strongly affect ECG signal analysis.
The power line interference is a narrow-band noise
centered at 60 Hz (or 50 Hz) with a bandwidth of less
than 1 Hz. Usualy the ECG signal acquisition
hardware can remove the power line interference.
However the baseline wandering and other wideband
noises are not easy to be suppressed by hardware
equipments. Instead, the software scheme is more
powerful and feasible for offine ECG signal processing.
Digital filtering methods as well as wavelet based
methods are used to remove baseline wandering and
the other wideband noise.

Pre-processing is done by three different
methodologies. To facilitate P wave extraction the
baseline drift is removed using a 4th order low-pass
Butterworth filter with a 3 dB cut-off at 0.05 Hz. To aid
QRS complex extraction, the baseline wandering and
the above noises are removed by taking two
approximation level coefficients such as A4 and A10 of
Daubechies wavelet. Because of increasing the levels of
decomposition the baseline wander gets corrected
automatically. Moving Average Algorithm is used to
remove the baseline drift and discrete wavelets are used
to remove the noises for ST segment detection.

b) P Wave Extraction

P-wave extraction or isolation can be performed
by various methods like Emperical Mode Decomposition
(EMD), Fast Fourier Transform, Dyadic Transform,
Application of time window or a moving average filter
etc. Here P wave extraction, was performed by using
Daubechies wavelets.

¢) QRS Complex Exiraction

i. R peak detection

Peaks of the R waves in signals from the MLII
lead have the largest amplitudes among other leads.
In order to detect the peaks, specific details of the
signal were selected. Details 273 — 275 were kept
and all the details were removed. This procedure
removes low frequencies and high frequencies.
The attained signal samples were then squared. High
amplitude fransions of the signal were then more
noticeable, even if R peaks are deformed. Then a
practically lower limit is applied on the signal to remove
unrelated noisy peaks. Since no subsequent beats
will occur in less than 0.25 second, pseudo-beats are
also removed. Detection of R peaks is very important
because they define the cardiac beats. Heart rate is
the important parameter that is detected for
analyzing the abnormality in the heart. Heart rate is
calculated based on R-R interval.

ii. QRS complex extraction
For QRS complex extraction the denoised
ECG signal is decomposed into 6 levels by using

© 2012 Global Journals Inc. (US)

DWT and the approximation (A4 and A6) coefficients
are reconstructed separately. By subtracting A6
from the A4, QRS complex is extracted.

d) St-Segment Detection By Fit Approach

An FFT computes the DFT and produces
exactly the same result as evaluating the DFT definition
directly; the only difference is that an FFT is much faster.
The DFT is defined by the formula. [12][13]

N—1 B
Xp=S ape ® k=0, ,N-1 (1)
=0
And the FFT is given by-
N .
X(k) = 3 x(Hol DD @
i=-1

Inverse discrete Fourier transform (IDFT) is given by

1 N-1

2w
EU
=5y Xee W™ n=0,... N-1
N =

Where as the IFFT can be formulated as-

& —1i(k-1]
x(j) = (W/N) Y X(kyoy! =50
k=1

4)

Fast Fourier transform (FFT) is speed-up
technique for calculating discrete Fourier transform
where DFT, which in turn is discrete version of
continuous Fourier transform, which indeed is origin for
all its versions. So, historically continuous form of the
transform was discovered, then discrete form was
created for sampled signals and then algorithm for fast
calculation of discrete version was invented.

ALGORITHM

1) As one can see the ECG is uneven. Thus our first
step is to straighten it. The idea is to apply direct
fast Fourier transform (FFT), remove low
frequencies

2) Restore ECG with the help of inverse FFT (IFFT).

3) Our third step is to find local maxima. To do that
we use windowed filter that “sees” only maximum
in his window and ignores all other values. On this
step we use window of default size.

4) Now we should remove small values and preserve
significant ones. Here we are using a threshold
filter.

5) In this case the result is good but in general case

we cannot be sure we have all the peaks. So the

next step is to adjust filter window size and repeat
filtering. (All peaks of the signal detected)

Find all the peaks (R-peaks) values.

Create two temporary matrixes according to

length of the input sequences.

J



8) Move the two matrixes (naming i.e. current and
next) from the peak value towards down and
compare the current and next matrixes value. It
should decreases from top to bottom.

9) When these two values became equal or started
increasing; at that point we will get the S or J
point.

10) The same process can be repeated for T onset
point detection or considering the sampling rate
of the signal we can get T onset by adding
sample value from S/J point (here we can get T-
onset by adding 150 samples).

This technique is called as falling edge method
and a small demerit of this method is that here we have
to consider S and j point as same. As our main motto is
to find out Ischemia, so this method can be useful
because in most of the cases; as the S and J point is
same in Ischemic condition. This method can also be
implemented for other ECG signals like (ST Segment
starting from J point) and we can analyses the problems
with accuracy. [14]

i. Wavelet Compression

Instead of submitting the ST segments directly
to the classification phase, they were pre-processed to
reduce the number of classifier parameters. Pre-
processing was performed by using biorthogonal
wavelets, bior1.1 and bior2.2, with decomposition levels
from 1to 3.

In many filtering applications we need filters with
symmetrical coefficients to achieve linear phase. None
of the orthogonal wavelet systems except Haar are
having symmetrical coefficients. But Haar is too
adequate for many practical applications. Biorthogonal
wavelet systems can be designed to have this property.
This is our motivation for designing such wavelet
system. But the price is that non-zero coefficients in
analysis filters and synthesis filters are not same. In
orthogonal wavelet system, @(t) is orthogonal to ¥(t)
and its translates. In biorthogonal system our
requirement is that @(t) be orthogonal to W¥'(t) and its
translates.

e) Characteristic Feature Extraction And Classification

To classify the abnormalities of the P wave,
QRS complex, ST segment some features are extracted.
Some of the features like amplitude, frequency, energy,
Heart rate are extracted. These are given to the neural

network  classifier for the classification. The
abnormalities like atrial block, Tachycardia and
Bradycardia, Bundle block, ventricular fibrillation,

ischemia can be detected.

V. RESULTS

The algorithm for P wave extraction, R peak
detection, QRS complex extraction, ST segment
detection of ECG signal is implemented using MATLAB
and LabVIEW. The wavelet analysis helps to find all the
intervals in the ECG signal, which helps in detecting
various cardiac abnormalities.

a) Matlab Simulation Results

i. Baseline Drift Removal And Noise Canceéllation

Inju [0 Sy

Fig 4 : Performing Baseline Drift removal and Noise
cancellation.

i. P Wave Extraction
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Fig 5 . A single ECG signal
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Fig 6 :Isolated P wave

ii. Qrs Complex Extraction

Fig 7. QRS detected signal
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Fig 8  Extracted QRS complex

iv. St-Segment Detection

Fig 9 . ST Segment Detection of Standard or Normal ECG Signal

Fig10 : Level-2 Wavelet Decomposed ST-Segment of Normal ECG signal.

Fig 12 Level-3 Wavelet Decomposed ST-Elevated Segment.

b) Labview Simulation Results
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Fig 13 rECG signal acquired from Biokit using DAQ
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Fig17 : Classification of the signal as normal using neural netwoks
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VI. CONCLUSION AND FUTURE
ENHANCEMENT
In this paper, we have proposed an algorithm
based on discrete wawlkt transform for the

extraction of P wave, QRS complex, ST segment. T wave
extraction and analysis is currently under our
research.The above wavelet technique provides less
computational  time and better accuracy for
classification, analysis and characterization of normal
and abnormal patterns of ECG. The automatic feature
extraction and classification was implemented using
MATLAB and Lab VIEW. So this feature extraction
method can be used as a primary measurement tool for
automatic and on line disease classification. But some
of the ECG waveform may show very erratic nature due
to electrode contact noise or some complicated cardiac
abnormalities. The algorithm is not tested with them
because of lack of availability of that special kind of
database.
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High speed low power out put Buffer amplifier
for large -size LCD applications

Niraj Kumar*, Prof Mukesh Tiwari®, Prof Jaikaran Singh®

Absiract - The present paper Performance improvement in
high speed low power out put Buffer amplifier for large -LCD
applications The proposed buffer achieves high-speed driving
performance while drawing a low quiescent current during
static operation. The circuit offers enhanced slewing
capabilities with limited power consumption by exploiting a
slew detector which monitors the output voltage of the input
differential amplifier and outputs an additional current signal
providing slew-rate enhancement at the output stage. Post-
layout simulations show that the proposed buffer can drive a
1000pF column line load with 8.5-V/ps slew-rate and 0.6-ps
settling time, while drawing only 8-pA static current froma 1.2 -
V power supply.

Index Terms : LCD  driver,
amplifier,

source ariver, buffer

L. INTRODUCTION

s the display resolution increases, the load
Acapacitance of buffer amplifier increases, whereas

the required settling time decreases. Beside that,
large number of buffer amplifiers built into  a  single
chip creates power dissipation problem.
Consequently, a high driving capability buffer amplifier
with low static power consumption is indispensable [1].
In order that the TFT-LCD displays beyond 512 gray
levels each color, each gray level is required to be less
than 6.4 mV for a 1.2.V full scale. Therefore, the output
buffer must have an offset voltage less than =3.2 mV
[2]. There are many works on LCD drivers [1-4]. As
reported in [1], [3-5], the static power consumption
of a folded-cascode amplifier is larger than that of a
telescope-cascode one for more current summing
circuits and tail current. Also the maximum efficiency of
a folded-cascode amplifier is less than 50 percent [6],
and thus has poor driving capability. The offset voltages
of the folded-cascode operational amplifiers described
in [1], [4], are 10 mV and 12.2 mV, respectively.
These reported offset voltages are too high that will
create incorrect activation for gray level above 512. As
mentioned in [1], [7], a buffer with complementary
differential pair is able to deliver larger current and thus
have better driving capability. In order to achieve
higher driving capability with low static power and
low offset voltage, we design a newly developed
telescope-cascode based buffer amplifier with
complementary differential input stage for low power

Author “ °": Department of Electronics and Communication, Sri Satya
Sai Institute of Science and Technology, Sehore M.P. Indja.

E-malls : nknirajkumard@gmail.corn, jksingh81@yahoo.co.in,
mukeshtiwari 79@yahoo.co.in

and high resolution applications. Low offset voltage and
high driving capability are attained further by a designed
pair of auxiliarydrivingtransistors

[I. CIRCUIT AND OPERATION

The designed buffer amplifier with two
complementary differential input amplifiers is shown in
Fig.1. The circuit was formed by a common-source
push-pull stage, The open-loop amplifier transfer
function, , can be derived by interrupting the feedback
loop in Assuming and yields, in the most general case,

the following expression:
-

AI,(&) = Aﬂ

(=) (=) ()

where AQ is the DC open-loop gain expressed by

Aﬂ = g’mlRGlgm?Roi

while, WP1:WP2 and WP3 are the
frequencies of the three amplifier real poles, which are,
respectively, given by

1 1
WP = —= ~
PL = (Rpz + Re)Cr  Ro2Cr
1
w -
Pz R C5
1 1
wWp3 =

(Ro2||Rc)Cos — RcCos

And Wz is the frequency of the left-half plane

zero introduced by the compensation resistor R(_‘;,
which is given by
o 1
Wl = 7RC’CL .

simulations are also performed to estimate the
amplifier offset voltage for different common-mode input
voltages. A mean value of 1.2 mV and a maximum value
of 5.6 mVare found, with a standard deviation lower than
800 nV.To further demonstrate the effectiveness of the

© 2012 Global Journals Inc. (US)

Global Journal of Researches in Engineering (F) Volume XII' Issue I Version I E January 2012



012

2

January

Version |

I

XII Issue

Volume

[
o0
a
]
O
[}
o0
a
4%
o
70]
o
=
9}
(o]
D]
w2
[}
o~
e
(o]
a
=)
—
(s
@,

present out put buffer, and provide a performance
comparison other previously adopted solutions, a
numeric figure of merit is here introduced for the first
time, relying on the main performance parameters of an
LCD output buffer. Its basic definition is

A Ty,
FOM = T ion
Mn and Mp, which offers good swing

characteristics. In  order to increase the driving
capability, a pair of auxiliary driving transistors, MAp
and MAn, are introduced and controlled by two
comparators, nCMP and pCMP. The added
comparators are merged with the original differential
amplifiers to further reduce the power dissipation.
Fig. 1 shows the detailed circuit of the buffer
amplifier. In  that, transistors and form the
complementary telescope-cascode differentialstages.
The inputs of these stages are connected in parallel.
Each of them drives one half of the common-source
push-pull stage, In the figure, forms the biasing
current  source,  while and are two sets of
comparators and is the auxiliary driving transistor.
amplifiers  without and  with  auxiliary  driving
transistors, loading with a 1000pF capacitor. It can be
observed in the figure that the charging capability is
greatly improved for the latter one. For the settling
times being defined as the time required for the output
signal reaching within 0.2% of the final voltage, the
simulated settling times shown in Fig. for the rising
edges of curves A and B, represented for the cases
without and with auxiliary  driving  transistors, are
3.1us and 0.4 us, Defining R8A(B) and R9A(B) as the
channel resistances of the output transistor and the
auxiliary  driving  transistor respectively, the output
response of the rising edge can be expressed where VI
and VF are the initial and final values of the output
voltage, respectively, and

) J Vin

Vout

Vref _x
+/

Error Amplifier

Block diagram of Amplifier -

RS L TN S N SO 1

Circuit Diagram of (Fig.) Buffer Amplifier

where CL is the load capacitance of the buffer
amplifier. The positive slew-rate can then be expressed
as Transistors and of the input differential pair are active
when Vin reaches the center of the supply voltage. Their
biasing currents and VB. We choose longer length for
transistor to reduce the channel length modulation

and to the systematic offset. For the input differential
amplifier, the W/L of is chosen the same value as that of
but the aspect ratio of is designed smaller than that
of while transistors and are designed to have the
same sizes. The currents of and can be expressed as
From the above equations, it can be observed that the
slew From the above equations, it can

be observed that the slew rate can be increased by
reducing 1p, i.e., reducing the channel resistances of the
output stage, R8B and R9B, if load capacitance is
constant. In a similar way, we can increase the negative
slew-rate by reducing the

Output Triangular Wave Buffer Amplifier Buffer

ikl e ol

Output Square Wave Buffer Amplifier

channel resistances of R8A and R9A Fig. 2 shows the
simulated slew rates versus load capacitances (500 pF-
5 nF) with 3 V output voltage. Simulated result shows a
possible slew rate higher than 18 V/us for load
capacitance less than 1000pF. The simulated offset
voltages versus input circuit diagram of (fig2) the
proposed buffer ampilifier.

Circuit Diagram of (Fig.) Buffer Amplifier.



[TI. EXPERIMENTAL RESULTS

The proposed output buffer amplifier was
fabricated using the TSMC 0.6um CMOS process.
Several measurements have been done. The measured
static current of the output buffer is 1 uA from a 1.2 V
supply voltage. The maximum offset voltage is 2.5 mV,
and the slew rate is higher than 18 V/us for1000pF load
capacitance. Fig. shows the measured result of the
proposed buffer amplifier under a 50 KHz step input
waveform with a 1.2 V. amplitude and 1000pF load
capacitance. shows the measured and simulated
settling times for various load capacitances with
1.2 V voltage swing. It is worth mentioned that the
settling time is only 1.62 us even the load capacitance is
up to 1000 pF. The die photograph is shown in since the
designed circuit is rather neat, the size of the buffer
amplifier is only The performance of the proposed buffer
amplifier is summarized and compared with the other
reported circuits in Table |. It can be observed from
the table that the proposed buffer amplifier has a
superior performance than that of the other circuits
on slew rate, settling time, offset voltage, and static
current

Fig  Die Photograph of the Designed Buffer Amplifier

IV. CONCLUSION

In this paper, we have designed and
demonstrated a high driving capability CMOS buffer
amplifier with low static power, and low offset voltage,
which is suitable for the source drivers of high
resolution LCD with gray levels above 512. The
well  designed telescope-cascode based buffer
amplifier consumes only 1 pA static current and
achieves 18 V/us slew rate for 1000 pF load
capacitance. Thus, the buffer amplifier is quite
promising for high resolution flat-panel displays that
require low static power, high driving capability and high
accuracy Buffer amplifier for large -size LCD
applications
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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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Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork.
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to
complete and return a color work agreement form before your paper can be published.

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
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as
possible.

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .
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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.

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.
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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.

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
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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.
®  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.

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

Insertion a title at the foot of a page with the subsequent text on the next page
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®  Separating a table/chart or figure - impound each figure/table to a single page
®  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.

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
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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

As a outline 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
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
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:

®  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.

®  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.

®  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
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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 |f 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

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

If 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.
e  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.

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.

®  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.
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® 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
®  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 If 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.
Try to 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?
®  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 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.

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