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Abstract: Real time problems faced in day to day life are involving proper decision making with many objectives.. There are many
effective methods for optimizing single objective function. The problem has n objectives ends with n solutions having different values of
design variables. The need for common single objective function by combining all the n objective functions is needed for obtaining the
best solution for design variables. weightages added to each objective function for the formation of single objective function. There are
many more methods to develop single objective function for the problem. This paper presents a very simple new concept of percentage
deviation method. It combines multi objectives in to a single objective function for the best solution. In this approach, the solution of
single optimization is required by any optimization method before going for the application. Simple dc circuit having two sources and
one load is considered as an example. Three objectives are present in the example which illustrates the application of the method. The
actual plot of variation in the value of objective functions with respect to single design variable is shown to demonstrate the effectiveness

of the method.

Keywords: Percentage deviation,

Single optimization, Total deviation, Multi objective, Fuel cost, Network loss, Emission, Cost

function, emission function, Optimal value, Design variables, minimization, parametric, quadratic

1. Introduction

Optimization is the art of obtaining the best result under
given circumstances. Optimization can be defined as the
process of finding the conditions that give the maximum
or minimum of a function.The optimum seeking methods
are also known as mathematical programming techniques
and are generally studied as a part of operations research.
Operations research is a branch of mathematics concerned
with the application of scientific methods and techniques [3]
for decision making problems by establishing the best or
optimal solutions. Solving single objective for a real time
problem involves finding the best solution for a specific
criterion. The Multi Objective (MO) problems are needed
scaling which reformulates the problem in to a parametric
single objective optimization. There are many Kkinds of
Optimization, classified based on continuous function and
discrete data.The continous function further classified as
constrained and unconstrained[1]. Some of the papers [2,5]
focused on particular suitable methods for MO problems
where as the papers [3] and [4] discribes the algorithems
and procedure for MO problems in Power systems. In all
these methods optimization is performed after combining
multiple certeria into a single objective function with out
finding optimal solution for every objective function. The
new basic conept presented in this paper is finding the
optimal solution of each objective function, and then finding
the percentage deviation of each function value from its
optmal vaue at various design variables.Adding all the
deviations forms the single objective function called Total
Percentage Deviation(Tg). T4 is minimised by  any single
optimization method for finding the best optimum value of
design variable. Simple electrical dc circut with two sources
and one load considered as an example for proving the TPD

concept effectively .The quadratic cost and emission
functions are considered which are depending on source
powers.Actual pilots are presented for finding the correct
optimal values without applying any optimization method
which proves the effectiveness of the TPD mthod.The
method can be adopted with any single optimization gives
the best solution.

2. Mathematical Explanation

Conventional

With multiple objectives there arises a possibility of conflict,
and one simple way to handle the problem is to construct an
overall objective function as a linear combination of the
conflicting multiple objective functions.

Thus, if fi(X), f(X) ... f,(X) denote n objective functions
with design variables X then construct a new (overall)
objective function for optimization as:

(X) = ki F1(X) + ko F(X) + wroomeekofy(X) ==eeeeeeee )

where k; to k, are weightages whose values indicate the
relative importance of one objective function to the other.

Prposed TD method:
Find the optimal value of each objective function f;, i = 1to
n!

Determine the percentage deviation of each objective
function
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[fi (X)) — fial
fia

Then construct a new over all objective function by adding

all the deviations;
ZTd Z il ) f“l]X100 -3

Equation (3) is a smgle ObjeCtIVE functlon can be optimized
by any method.

Td; = X100 i=1ton-(2)

In this approach no need for finding weightages or
scaling factor. The equation (3) gives best solution directly
for any number of objective functions for a particular
problem. The application of the method is demonstrated in
the following example.

Example:

Optimization of cost, emmission and network loss is one of
the MO problem in Power System Engineering.A simple
circuit consisting of two sources (Generators), two lines of
having resistances

R1:4Q,

R,=1Q and a load of 500 watts is considered as shown in the
Figurel to demonstrate the TPD method effectively. Load
voltage V is constant at 100 volts

Figure 1

V=100 volts

=, ‘):
Vi Ri1=4 ohms R2=1 ohm Vs
I A A iz

= 5 amps
P1=Vii: CGD : @2 P=Vik:
P =500 Watts

Since the load voltage is constant at 100 volts, load current i
is equal to load 500 watts divided by 100 volts equal to 5
amps

i =iy +iy=5amps

Generator 1 output power = P; = Vix i; watts ------- (5)
Generator 2 output power = P,= V, x i,= V,x(5-i;) watts -(6)

Cost Equations

Generator 1 f, = 0.01 P, + P;+ 100 Rs/hr - (7)
Generator 2 f, = 0.005 P, + 5 P,+ 100 Rs/hr ---- (8)
Where P, =(5-Py/Vy) e 9)
Total cost fr=f, +f, Rs/hr

Emission Equations
Generator 1 e; = 0.0045 P, +0.125 P, +10 gms/hr -- (11)
Generator 2 e, = 0.0015 P,? + 0.8 P, +20 gms/hr - (12)
Total emissioner =e; + e, gms/hr - (13)

Network loss Equations
Loss P, =i Ry +i,° R, watts - (14)
PL=((P1/V1)?% Ry + (5- P1/V,)’xR, ) watts -- (15)

Total Percentage Deviation method
Total fuel cost f; from the equations (9),(10),Total emission

T4 from the equations (9),(13) and Total network loss P,
from the equation (15) are in terms of Generator 1 output
power

At first, find the optimal value (minimum) of cost fr, ,
optimal value of Emission e, and optimal value of loss P,
from the actual Pilots of respective curves..

Determination of Optimal cost fr,

The generator 1 cost f; , generator 2 cost f, and total cost
fr variations w.r.t generator 1 output power are shown in
Figure 2

SR
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Figure 2

The optimal cost f+, = 2840.61 Rs/hr
Generator 1 output power Py, = 278.604 watts
Generator 2 output power P,, = 253.101 watts

Determination of Optimal Emission et,

The generator 1 emission e;, generator 2 emission e, and
total emission ey variations w.r.t generator 1 output power
are shown in Figure 3

1888 P j
e, er=g1+ €2 e /"
e ini} emission - ~
©€Ta=647.963 I 4 —] e
gms/hr ez’_} I -
T <
€Ta el | = [
=1 ]
[t} —
B Prvas—y P1a=177816 5a8
Figure 3

Generator 1 output power Py, = 177.816 gms/hr

Generator 2 output power P, = 344.409 gms.hr

The optimal emission er, = 647.963 gms/hr
Determination of Optimal Loss P,

The Line loss in 4 ohms L; , line loss in 1 ohm L, and total

loss P, variations w.r.t generator 1 output power are shown
in Figure 4.
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Determination of Minimum Total Deviation Ty,

ca -
e - The cost % deviation dc = (fr — fr,)100/fr, ----(16)
) 1= dc = (fr — 2840.61)x100/2840.61
s — =T~ The emission % deviation de = (e — er,)x100/et, .. (17)
Pra=20 - ] 1 de = (er — 647.963)x100/647.963
e RS The Loss % deviation dL = (P_- P;;)x100/P, --- (18)
a —] 1 dL = (P.- 20)x100/20 --(19)
) Pla=104  Piwits—) 508 Total % Deviation T4= dc+de+dL ---(20)
Figure 4
The optimal total loss = P, , = 20 watts The % deviation in cost, emission, loss and total deviation
Generator 1 output power P, = 104 watts w.r.t generator 1 output power are shown in Figure 5.
Generator 2 output power P,, = 416 watts
188 f /
T
Taee 7 | de
\ L a=|derdefdy / [ -L’ i
\\' ] \# mmwm Ta| 4| AL //
. '. ! | R P
Taa-14.881 =~ Sy P de
a o x““ﬂ-u_,_ _J\‘-' _=_,_...-f""'f K’ o
[}
8, Pia=153.078 Py owass —3 ={cTc]
Figure 5
The Minimum Total deviation T4, = 14.881 %
This is the best solution for the Example.
Generator 1 output power P,, = 153.075 watts
Generator 2 output power P,, = 367.924 watts
The results are given in the following table
Results
P1 P2
Single Objective Watts Watts
Cost Optimization 278.604  253.101 2840.61 Rs/hr
Emission Optimization 177.816  344.409 647.963 gms/hr
Loss Minimizatiom 104 .00 416.00 20.00 Watts
Multi- Objective
_Optimization
With all the three 153.075  367.924 14.880 %
Objectives
Cost deviation from the minimum cost dc=9.267 %
Emission deviation from the minimum emission de=0.618 %
Loss deviation from the minimum loss dL=4.995 %

The Total % Minimum deviation Td =14.880 %

Conatraint on degin variable: Generator 2 output Power is
maximum of 300 Watts and set at the maximum.

Then Generator 1 output Power =225.889 watts

The cost % deviation dc =1.602

The emission % deviation de =2.297

The loss % deviation dL =29.431

Total % deviation Tq=33.33

Only cost % deviation is reduced from the best. But
emission, loss and total % deviations are increased from
the best to a larger value.
Similarly any deign variable change will increase the
deviations from the best solution.

Volume 12 Issue

3. Conclusion

A novel approach “Total Percentage Deviation Method ‘is
presented for finding the best solution to Optimization of
Multi —Objective problems. Actual plots are used for
validating the exactness of the method by considering a
simple electrical network. The best solution is given in the
table. Determination of optimal value for each objective is
needed for the proposed novel method. Most of the
conventional methods/algorithms are finding the best
solution without finding the individual optimal value. In
such cases, the best solution for the design values may give
the lesser value of any one of the optimal value of a
objective function which is not feasible. If constraint on

10, October 2023

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR23930181656

DOI: 10.21275/SR23930181656

95



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

design value is considered in the proposed method, The
solution gives the higher percentage deviation values from
the best solution. If the higher deviations from the optimal
value are acceptable, then the solution can be considered for
the best along with the constraint. The proposed method is
based on a new simple concept for solving MO problems; it
may be introduced in the technical curriculum by the
Universities and Institutions for further development.
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