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Abstract—This paper gives a new insight into the concept
of load compensation under distorted voltages. Achieving both
unity power factor (UPF) and perfect compensation of current
harmonics are not possible where a competition will arise between
these two important factors. Through evaluating the present
control strategies, a generalized, optimal, and flexible control
strategy (OFC) for harmonic compensation of utility lines is
proposed. The proposed control strategy, which provides a unified
and highly flexible compensation framework has the ability
of programming for perfect current harmonics compensation,
or (UPF) accomplishment, or other newly defined objectives
such as maximizing the power-factor subject to some adjustable
constraints on the level of current harmonics and unbalancing
via an on-line optimization algorithm. The strategy can fulfill
the IEEE-519 standards requirements, while guaranteeing the
best achievable power factor and optimum required rating for
the compensator. Theoretical concepts and practical features of
the proposed control strategy have been shown through extensive
simulation studies using MATLAB/SIMULINK programs.

Index Terms—Active filter, distorted voltage, flexible compensa-
tion strategy, harmonics, optimization, power factor.

I. INTRODUCTION

W IDESPREAD use of power electronic systems have
increased harmonics in the utility power networks over

the past three decades. Active power filters were developed
for harmonic compensation and power factor correction [1],
[2]. Fig. 1 shows the block diagram of a parallel active filter.
In active filters, the compensation strategy is quite important
and various strategies have been proposed to improve the
performance of active filters [3]–[5], [7]–[12]. Regardless
of compensating tools, decision about which components
are undesirable is made based on the compensation strategy,
especially where the voltages are nonsinusoidal [6], [13]–[15].
Generally, in the load compensation field we deal with the
following two essential topics:

a) Aims of compensation: i.e., which components of the load
current are undesirable and need to be compensated.

b) Technique of compensation: i.e., how undesirable compo-
nents should be recognized and compensated.
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Fig. 1. Block diagram of a parallel active filter.

Obviously, the compensation technique should be developed
after clearly defining goals of compensation. Research efforts
in the active filtering field have generally focused on compensa-
tion techniques and practical considerations [11], [12] with less
attention being paid to the aims of compensation. Where the
voltages are sinusoidal, cancellation of the current harmonics
with reactive power results in unity power factor (UPF) and con-
versely UPF results in harmonic free currents. So each of the
existing compensation strategies is either based on power factor
correction such as UPF [4] or on explicit cancellation of har-
monics such as– theory [3]. Where, both can be used for both
harmonic and power factor compensation.

A couple of difficulties arise when the voltages are non-
sinusoidal. In this case, the important theoretical key is that
regardless of the technique used, perfect compensation of the
harmonics and reactive power does not mean UPF is achieved
and vice versa. In this case, there are two choices to make:

a) Perfect compensation of the current harmonics, which
might not provide unity power factor

b) Unity power factor operation, which does not provide
perfect compensation of the current harmonics.

Neither of the above strategies are complete and it is neces-
sary to revise the compensation principle and develop a new
strategy with a flexible performance. In this paper, a compro-
mise between harmonics compensation and the power factor
correction based on load conditions will be made. Also, it is pos-
sible to define the fundamental power factor based on the fun-
damental currents and voltages. This quantity is independent of
voltage and current harmonics and reactive power but does not
carry all the power factor concepts.

In this paper, after presenting a short review about the
“structure” and “performance” of the existing compensation
strategies, a new compensation principle is proposed. Initially,
an optimal and flexible control strategy (OFC) for active fil-
tering is proposed. This strategy follows the new compensation
philosophy and can optimize the power factor subject to some
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systems have introduced to the field which are 
capable to operate under distorted voltage 
conditions. Ref. [1] introduced a new control 

system for APFs called Optimal and Flexible 
Control (OFC) system. OFC [1] and its 
variants [2,3] provide the compensating

system with a possibility to optimize any 
objective functions can be selected from a 
wide range of interesting functions subject to 
some suitable constraints. The objective and 
constraints can be formed based on any power 
quality indices such as the load power factor 
and current THD. The OFC based APF runs an 
iterative nonlinear optimization program to 
reach the optimal variables, that is the filter 
bank gains. Therefore, for any given set of 
objective functions and constraints, the 
following two important questions may arise: 
 

a.   Is the optimization program 
convergent for any given initial 
values for the filter bank gains? 

b. Is there any guarantee for the 
optimization program to reach the 
globally optimal results? Or it may 
converge toward one of the local 
optimal points. It off course may 
occur whenever there is more than 
one optimal point in the search 
space. 

 The above questions are generally regarded as 
important issues in most of nonlinear 
optimization processes. Providing a 
comprehensive response for the general cases 
with any desired objective function/constraints 
is quite a difficult task. Here, we consider only 
one of the most suitable compensation 
strategies minimizing power factor subject to 
some constraints on the current harmonics and 
unbalance currents [1]-[3]. Investigations 
confirm that for the aforementioned strategy, 
the optimization program is almost always 
convergent for any given set of load voltage 
harmonics. Ref. [2] presents the results of a 
successful control system based on Neural 
Networks (NN). The optimization program 
should run for many different values of the 
load voltage harmonics to produce the 
required data for training the NN. The 
program was convergent for every given set of 
voltage harmonics. It also resulted in a unique 
optimal response for any initial values. 
However, there is an important issue needs 
more investigations about the global 
optimality of the results obtained. In this 

paper, the Genetic Algorithms (GAs) are used 
to prove the global optimality of the results. 
The optimization problem looks to be convex, 
however an analytical approach for evaluating 
the similar cases can be considered in the 
subsequent works. 
 
 
2   Brief Review Of OFC 

 
A. OFC Structure 

Fig. 1 shows the block diagram of the OFC 
system [1]. The OFC structure in a-b-c frame 
is characterized by following equations: 
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 G(s).e(s) = (s)e*     (2) 
Where ψ*

0 is a constant scalar for balancing 
the active power of the compensated load and 
voltage vector e* is a filtered version of the 
load actual voltage, e.  Filter bank G(s) is 
designed based on a selected compensation 
strategy through an optimization algorithm [1]. 
 
B. Compensation Strategy 

 The following indicates one of the most 
interesting load compensation strategies that 
can be realized by the OFC system used in [1]-
[3]. 
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For example, the harmonic constraints can be 
selected according to the IEEE standards for 
harmonics [5]. Moreover, any other power 
quality indices, e.g.  THD of the compensated 
load currents  can be considered as the cost 
function as well [1]. 
 
C. Control Algorithm 

Considering the first N terms of the Fourier 
series for e and e* , we have: 
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