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ABSTRACT: In last decade there is continuous advancement in the field of power quality improvement. Development of 
artificial intelligence and expert system in the area of control engineering dragged the attention of researcher to 
incorporate these advance techniques with active power filter to enhance its compensation properties. Numerous control 
algorithms have been developed in last few years using AI techniques like fuzzy logic, artificial neural network (ANN) and 
genetic algorithm. Application of these techniques in the area of power quality shows great improvement in results in 
terms of reduction of % THD. The present work describes modeling and controlling technique of active power filter and 
presents the detailed review on advance control methodology for APF. This paper also presents the comparative analysis 
of performance of shunt active power filter with conventional and adaptive controller under varying load condition. A 
classified list of 32 publications on this topic is also given for the quick reference. 
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I. INTRODUCTION 

In modern power distribution systems, majority of loads are 
nonlinear in nature and draw reactive power and harmonic 
currents from the AC source. These nonlinear loads cause low 
efficiency of the power system, poor power factor, destruction of 
other equipments due to excessive stresses and EMI problems 
[1, 2]. In this way non-sinusoidal currents, pollute the utility line 
due to the current harmonics generated by them. Active power 
filter (APF) is used to provide reactive power and harmonics 
compensation for nonlinear loads. Shunt APF compensates 
current harmonics by injecting equal but opposite harmonic 
compensating current. This principle is applicable to any load 
considered as a harmonic source. Moreover, with an 
appropriate control scheme, the active power filter can also 
compensate the load power factor. In this way, the power 
distribution system considers the non linear load and the active 
power filter as an ideal resistor [2]. 

Various topologies of active power filter have been developed 
so far [1]. Development of a suitable controller for APF is the 
task of prime preference for achieving the best possible results. 
The fixed gain conventional PI controller has been designed 
and tested for the constant load condition [2]. Under the variable 
load condition tuning and design of such conventional PI 
controller is a difficult task. The design of PI controller requires 
the knowledge of exact mathematical model which is difficult to 
obtain under parameter variations and load disturbances. 

The application of AI based controller such as fuzzy logic 
controller in place of fixed gain PI controller not only reduces the 
need of exact mathematical model of the system but also shows 
the improvement in the transient behavior. Various fuzzy logic 
based controllers have been developed so far to obtain the 
optimal performance of Active power filter [3-12].  
The design of Mamdani-type fuzzy logic controller for three 

phase shunt active power filter is presented in [3-4]. This shows 
that the dynamic behavior of fuzzy logic controller is better than 
the conventional PI controller. The optimized Takagi-Sugeno-
type fuzzy logic controller is then given in [6-9]. This design not 
only improves the performance of shunt active power filter but it 
reduces the   number of fuzzy sets and rules of previous design. 
A new adaptive control technique for three phase shunt active 
power filter using interval type-2 fuzzy logic controller is 
proposed in [10]. An efficient type reduction method called as 
Nie-Tan method is used in this paper which gives closed form 
expression and reduces the computing power needed to 
implement time reduction. Apart from fuzzy artificial neural 
network and genetic algorithm may also be the better solution 
for improved controller for APF [13-17].  

The recent applications need faster transient response with 
minimum power dissipation under the variation of load and the 
variations in system parameters. The conventional PID 
controllers with fixed gain are unable to cop up with such 
problems. The requirement of high performance control system 
for such applications has produced great research efforts for the 
application of modern control theory and, in particular, adaptive 
control [19-27, 32].   
Shyu et al [21] presented the model reference adaptive control 
design for single phase shunt active power filter. In this paper 
Lyapunov’s stability theory and Barbalat’s lemma, adaptive law 
is designed to guarantee an asymptotic output tracking of the 
system. The design procedure for Discrete-Time robust model 
reference adaptive control for three phase four wire shunt active 
power filter is described in [20]. The choice of appropriate 
Lyapunov function for controller design is a complicated task 
and requires the deep knowledge about the process.  
Design of MRAC with MIT rule is simple and less mathematical 
as compared to the Lyapunov rule. Selection of correct 
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Lyapunov function greatly affects the design in case of 
Lyapunov theory. The choice of suitable Lyapunov function is 
process dependent task and requires a thorough knowledge of 
process. However this is not the problem in case of MIT rule. 
Benchouia et al [22] gave the concept of fuzzy MRAC for power 
converters. W. Dazhi et al [24] developed the PI controller along 
with the adaptive variable amplitude limiter based on MRAC 
scheme for SAPF. The paper is mainly based on the DC bus 
voltage control. Effect of load and system parameter variations 
on the performance of APF (especially in terms of %THD) is not 
discussed for the proposed design. Use of another adaptive 
control technique based on self tuning of fuzzy logic controller 
for apf is described in [25]. Another adaptive control scheme for 
SAPF is proposed in [26]. Here the DC link voltage is regulated 
by a PI controller with antiwindup. In this control scheme 
harmonic detection is not used, which reduces the number of 
current sensors employed in the SAPF. Y Suresh et al [27] 
proposes hybrid adaptive fuzzy hysteresis current controller for 
shunt active power filter (SAPF) in order to overcome the 
limitations of conventional PI controller under transient events. 
The supply system for aircraft requires very accurate and 
sensitive control strategy for shunt active power filter. Use of 
adaptive control technique for such cases is the appropriate 
solution for getting the harmonic free supply [28-30]. 

II. OPERATION OF SHUNT ACTIVE POWER FILTER  

Shunt active power filter compensate current harmonics by 
injecting equal but opposite harmonic compensating current. 
Shunt power filter needs to pass bidirectional current and it is 
typically composed of a full bridge or half bridge with an energy 
storage capacitor at the DC side.   

 

Fig. 1. Operation of shunt active power filter. 

As shown in Fig. 1 the APF system connected in parallel with 
the load could cancel the harmonic/reactive components in the 
line current (��) so that the current flows from the source is 
sinusoidal and in phase with the supply voltage. The currents of 
the APF system can be expressed as  

 ����� =  ����� + �
���                                                          …(1) 
where �� is the nonlinear load current and �
  is the 

compensation current. The source current after compensation is 
given by 

          ����� = ���  
����                                                       …(2) 

  Where Ism 
 = 

I1cos θ1                                             

To meet the switching losses of PWM inverter, the utility must 
supply the additional real power apart from the load 
requirements. This additional power should also meet a small 
overhead for the capacitor leaking. Hence the total peak current 
supplied by the source 

        ��� = ��� + �′�                                                               …(3) 

For accurate and instantenous compensation  of reactive and 
harmonic power, it is necessary to calculate the fundamental 
component of load current as the reference current. The peak 
value of reference current is estimated by regulating the DC link 
capacitor voltage (��
). 

A. Role of DC side Capacitor (Cdc) [2] 
The peak value of the source current can be estimated by 

controlling the DC side capacitor voltage. The ideal 
compensation requires the main current to be sinusoidal and in 
phase with the supply voltage irrespective of the nature of the 
load. The DC side capacitor serves following two purposes: 
• In steady state, it maintains a constant voltage (with small 

ripple) 
• In transient period it serves as an energy storage element 

to supply the real power difference between load and 
source. 

As per the compensation principle, the active filter adjusts the 
compensating current to compensate the reactive power of 
load, the source current will be in phase and the compensating 
current should be orthogonal to source voltage. For the 
fundamental components only the 3-phase reactive power 
delivered from the APF can be given as 
                         �
� =  3���
�                                                   …(4) 

The fundamental component of compensating current is 
given by 
                          �
� = ��
� − ���/��
                                      …(5)   

The active filter can compensate the reactive power from 
utility only when Vc1 > Vs.  

B. Estimation of reference current 
The DC link capacitor decides the peak value of reference 

source current given by eq (3). The source current must be 
sinusoidal and in phase with the supply voltage for the ideal 
compensation [2], so the desired source current after 
compensation is given by  

���∗ = ��� 
����                                                                  …(6) 

���
∗ = ��� sin ��� − 120"�                   … (7)                 

��
∗ = ��� sin ��� + 120"�                                                   …(8)        

The error between the actual capacitor voltage and its reference 
value is fed to the controller. The output of the controller is 
considered as the amplitude of the desired source current. The 
reference current is the estimated by multipling the peak value 
with the unit sine vectors in phase with the source voltages. 

III. MODERN CONTROLLERS FOR SAPF 

The conventional fixed gain PID controller has its limitations to 
control the APF under varying load and environmental 
conditions. PID controller tuned with AI techniques like Fuzzy, 
neural and GA makes it more versatile. This section discusses 
the salient features of modern control techniques to enhance 
the performance of APF. At the later part of this section 
adaptive control techniques like gain scheduling, Self tuning 
regulator and Model reference adaptive controller are also 
described to show its effectiveness on APF for large variation in 
load and other working conditions.  

A. Fuzzy Logic Controlled SAPF 
Fuzzy logic based controllers for shunt active power filters 

are successfully desigened and implemented to improve the 
electrical power quality [3-12]. Controlling of shunt active power 
filter mainly depends on regulating the DC link capacitor voltage 
(��
). The value of ��
 sould be maintained at its reference 
value ��
#, irrespective of the nature of load and variations in 
the system. In simple fuzzy controlling scheme [3], the error 
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between ��
# and ��
 is processed through fuzzy logic controller 
as shown in Fig. 2. 

 
Fig. 2. Fuzzy logic controlled SAPF. 

The output of the fuzzy controller after a limit is considered as 
the amplitude of reference current. This current takes care of 
the active power demand of load and the losses in the system. 
In fuzzy logic controller, the control action is determined from 
the evaluation of a set of simple linguistic rules. The 
development of the rules requires a thorough understanding of 
the process to be controlled, but it does not require a 
mathematical model of the system. The internal structure of the 
fuzzy controller is shown in Fig. 2. Here, the error ‘e’ and 
change of error ‘ce’ are used as numerical variables from the 
real system. To convert these numerical variables into linguistic 
variables, some fuzzy levels or sets are chosen. The results 
obtained by using fuzzy logic controller are found better than the 
fixed gain PID controller for shunt active power filter. 

Fuzzy logic controller along with the conventional PID 
controller is also developed and implemented to SAPF. Here 
the gains of PID controller are calculated by fuzzy logic. To 
minimize the capacity of active power filter, an adaptive fuzzy 
dividing frequency-control method is proposed by analyzing the 
bode diagram [4], which consists of two control units: a 
generalized integrator control unit and fuzzy adjustor unit. The 
generalized integrator is used for dividing frequency integral 
control, while fuzzy arithmetic is used for adjusting proportional-
integral coefficients timely. Compared to other control methods, 
the adaptive fuzzy dividing frequency control shows the 
advantages of shorter response time and higher control 
precision. Such scheme is shown in Fig. 3. 

  
Fig. 3. Fuzzy controlled PI controller for SAPF. 

Optimize fuzzy logic controller using Takagi–Sugeno (TS) fuzzy 
control scheme [6-9] has been used for active power filter 
regulation. The TS fuzzy controller can provide a wide range of 
control gain variation and it can use both linear and nonlinear 
rules in the consequent expression of the fuzzy rule base. The 
simulation results show that the TS fuzzy controller has 
improved dynamic response than that of the conventional PI 
controller.  
The TS fuzzy controller performance is more robust than the 
conventional PI controller for load variations and other system 
parameter’s variations. 

Fuzzy logic controller in conjunction with phase locked loop 
(PLL) synchronization for shunt active power filter [11] for 
harmonics and reactive power compensation in the distribution 
grid due to the non-linear loads is shown in Fig. 4. The phase 
locked loop can operate satisfactorily even under distorted and 
unbalanced system voltages or currents. PLL determines 
automatically the system frequency and the fundamental 
positive sequence components of three-phase line voltages. 
The active power filter is implemented with current controlled 
voltage source inverter (VSI) and is connected at the point of 
common coupling for compensating current harmonics by 
injecting equal but opposite harmonic components. 

The desired reference currents are extracted using FLC with 
PLL algorithm and this method maintains the DC link capacitor 
voltage of the inverter nearly constant. The VSI gate switching 
signals are derived from adaptive-hysteresis current controller. 
The adaptive-hysteresis controller changes the bandwidth 
based on instantaneous compensation current variation; it is 
used to optimize the required switching frequency. 

   

Fig. 4. Fuzzy logic controller with PLL synchronization for 
SAPF. 

B. ANN Based Controlling of SAPF   
Artificial neural network [12-16] is also one of the AI 

techniques used in the field of power quality. A. Hamadi et al 
[12] used the combination of fuzzy logic and artificial neural 
network. The fuzzy logic controller implemented uses Sugeno 
method, and is optimized by using adaptive neuro-fuzzy 
inference system. 

A diagonal recurrent neural network based predictive control 
strategy [13] for active power filter is presented by Fan 
Shaosheng and Xiao Hui. In this strategy, diagonal recurrent 
neural network is employed to predict future harmonic 
compensating current. In order to make the predictive model 
compact and accurate, an adaptive dynamic back propagation 
algorithm is proposed to obtain the optimum number of hidden 
layer neurons. Based on the model output, branch-and-bound 
optimization method is adopted, which generates proper gating 
patterns of the inverter switches to maintain tracking of 
reference current without time delay. It has the advantages that 
control scheme does not require the exact model of system so it 
can be considered as a powerful tool for the control of 
dynamical system. The schematic diagram of SAPF with 
predictive neural network control is shown in Fig. 5. 
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Fig. 5. ANN based controlled SAPF. 

Feed-forward neural network is a static mapping and without 
the aid of tapped delays it does not represent a dynamical 
system. Recurrent neural network is a dynamic mapping and is 
better suited for dynamical system than the feed-forward 
network, but the structure and algorithm of network are always 
complicated, which limits the role in real-time implementation. 
Diagonal recurrent neural network (DRNN) has the ability to 
achieve nonlinear dynamic mappings with simple structure, 
rapidly convergence and easy implementation; therefore it is 
employed to predict harmonic compensating current. The 
number of recurrent neurons is associated directly with the 
simplicity and accuracy of DRNN. More neurons results in 
computation complexity, less neurons decreases network 
accuracy. In order to make the predictive model more simple 
and accurate, an adaptive dynamic back propagation algorithm 
can be used to determine the optimum number of the hidden 
layer neurons. Based on the predictive model, the value of 
control variable is acquired by means of optimization technique. 
Iterative optimization techniques are mostly slow due to 
computational complexity; this hampers its application to fast 
system. In order to solve the problem, branch-and-bound 
optimization method is adopted. Model predictive algorithm is 
used in internal model control scheme to compensate for 
process disturbances, measurement noise and modelling 
errors. A neutral adaptive detection approach is presented 
according to the adaptive noise cancelling technology (ANCT) in 
[14].   

Neural network can also be used to optimize the control 
effect of DC bus voltage in APF [15, 16]. Back Propagation (BP) 
neural network is generally adopted for on-line tuning of PID 
controller.  

PID 

Controller

Calculation of 

Reference Current

ANN

e=Vdcr - Vdc

-
+

Vdc

Vdcr

ce
d/dt

∆Kp ∆Kd∆Ki

u
To 

SAPF

Fig. 6. ANN based controlled PID controller for SAPF.  

The two strategies, adding momentum method and adaptive 
learning rate adjustment, are combined to improve BP network, 
which can not only effectively suppress the network appearing 
local minimum but also good to shorten learning time and 
improve stability of the network furthermore. The improved BP 
network adjusted the parameters such as gains of PID controller 

according to the operation state of the system and realized 
optimum PID control as shown in Fig. 6. 

C. GA Based Controlling of SAPF  
The genetic algorithm is used to design the controllers to 

minimize the %THD of source current. GA can be applied to 
determine the appropriate APF parameters like DC link 
capacitor voltage $�
, filter inductance Lf, and the hysteresis 
band (HB). The block diagram to explain how to search the 
parameters of APF using GA method is depicted in Fig. 7 [17].  

It can be seen that GA will search the APF parameters in 
which %THD of the compensated current on supply side is 
defined as the cost value for GA tuning. This value can be 
determined from the objective function which is defined in terms 
of the parameters to be optimized. The GA will try to search the 
best APF parameters to achieve the minimum %THD as per the 
specifications of IEEE std. 519-1992.  

Fig. 7 shows the compensating current control using the 
hysteresis approach, where the hysteresis band (HB) is the 
possible boundary of compensating current. In this figure, �� is 
the source current, �� is the nonlinear load current, �
 is the 
compensating current and �
# is the reference current. 
According to this approach, current swings between upper and 
lower hysteresis limits. The compensating current can be 
increased or decreased depending on the pattern switch of 
IGBT inside the APF. The compensating current swings inside 
HB following the reference current �
#. The reference current 
can be identified by PQ harmonic detection. Upper and lower 
hysteresis limits are controlled by the hysteresis band.   

Fig. 7. GA based controlling of SAPF [17]. 

The steps of searching APF parameters by using GA are as 
follows, as per the process shown in Fig. 7. 

Step 1: Define the boundary of parameters DC link capacitor 
voltage Vdc, filter inductance Lf, and the hysteresis band (HB) 

Step 2: Define the population encoding scheme for GA.  
Step 3: Set the population size  
Step 4: Define the initial population by random within the 

search space of parameters. 
Step 5: Define the maximum number of generation for 

searching. 
Step 6: Define the selection process 
The parameters, obtained by optimization technique like 

genetic algorithm, give better results as compared to the 
conventional controlling method. 

D. Adaptive control  
The recent applications need faster transient response with 

minimum power dissipation under the situations where loads 
and the parameters of the system change drastically. This 
requires use of adaptive control [19-26] for power quality 
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improvement. 
Design procedure for Discrete-Time robust model reference 

adaptive control for three phase four wire shunt active power 
filter is described in [20]. Kuo-Kai Shyu et al [21] presented the 
model reference adaptive control design for single phase shunt 
active power filter. In this paper Lyapunov’s stability theory and 
Barbalat’s lemma, adaptive law is designed to guarantee an 
asymptotic output tracking of the system. 

The advantages of using MRAC over conventional 
proportional-integral control are its flexibility, adaptability, and 
robustness; moreover, MRAC can self-tune the controller gains 
to assure system stability. Since the APF is a bilinear system, it 
is hard to design the adaptive controller. Linearization method 
should be used to solve the nonlinearity of the system. 
Moreover, by using Lyapunov’s stability theory and Barbalat’s 
lemma, an adaptive law has to be designed to guarantee an 
asymptotic output tracking of the system. The controlling 
scheme for APF based on MRAC is shown in Fig. 8. 

Fig. 8. MRAC based controlling of SAPF. 

To simplify the analysis, the following assumptions are made: 
1) The DC link capacitance is sufficiently large so that the 

voltage across it is nearly constant at one switching cycle. 
2) The switching frequency is much higher than the line 

frequency.  
After linearization, the plant in this case is defined as 

 %& '��� = (�%'��� + )�*'���                                                …(9) 

Where  %' = % − %" and *' = * − *", (%" , *") is the 
equilibrium or operating point. 

The reference model for model reference adaptive control is 
defined as, 
 %& #��� = (#%#��� + )#*#���                                              …(10) 

The error signal which has to be reduced to zero, is defined 
as, 
 , = %# − %'                                                                     …(11) 

The control law defines the control signal, 

 *' = -./ .�0 1 2
%'

3                                                          …(12)               

Where ./ and .� are the control parameters for forward and 

backward paths. These control parameters form the update law 
which defines the control action. Parameter update laws that 
are used to tune the control gains are derived by the Lyapunov 
function.  

Design of Fuzzy model reference adaptive control of power 
converter for unity power factor and harmonics minimization is 
given in [22]. The choice of appropriate Lyapunov function for 
controller design is a complicated task and requires the deep 
knowledge about the process.  
Singh et al [23] developed the control scheme for SAF using an 
adaptive-linear-element (Adaline)-based current estimator to 
maintain sinusoidal and unity-power-factor source currents. 

Three-phase load currents are sensed, and using least mean 
square (LMS) algorithm-based Adaline, online calculation of 
weights is performed and these weights are multiplied by the 
unit vector templates, which give the fundamental-frequency 
real component of load currents. 
Dazhi et al [24] developed the PI controller along with the 
adaptive variable amplitude limiter based on MRAC scheme for 
SAPF. This paper is mainly based on the DC bus voltage 
control. Effect of load and system parameter variations on the 
performance of APF (especially in terms of %THD) is not 
discussed for the proposed design. Another adaptive control 
scheme for SAPF is proposed in [26]. Here the DC link voltage 
is regulated by a PI controller with antiwindup. The phase angle 
of the power-grid voltage vector θs is determined by using a 
PLL. 

This adaptive scheme [26] does not employ the harmonic 
detection scheme and the compensation requirements are 
obtained by regulating indirectly the currents of power mains. In 
this case, the expected controlled grid currents must be 
sinusoidal, which addresses to control schemes like resonance-
based techniques. The amplitude of SAPF reference currents is 
generated by the DC link voltage controller, based on the active 
power balance of system. They are aligned to the phase angle 
of the power mains voltage vector, by using a d-q phase-locked 
loop system. The current controller is implemented by an 
adaptive pole-placement control strategy integrated to a 
variable structure control scheme (VS-APPC) in which it 
introduced the internal model principle (IMP) of reference 
currents for achieving the zero steady-state tracking error. This 
results in a controller transfer function with resonance 
characteristics, which permits more design flexibility. The main 
feature of such controllers in comparison to the convention 
resonance-based schemes is that VS-APPC controller gains are 
determined based on adaptive laws, which employs sliding-
mode techniques. This hybrid structure leads to a robust 
adaptive control strategy with a good dynamic performance. 

The supply system for aircraft requires very accurate and 
sensitive control strategy for shunt active power filter. Use of 
adaptive control technique for such cases is the appropriate 
solution for getting the harmonic free supply [28-30]. 

III. COMPARISON OF SCHEMES  

This section presents the comparative analysis of conventional 
and adaptive control schemes applied to Shunt Active Power 
Filter (SAPF). In modern power distribution systems, majority of 
loads are nonlinear in nature and draw reactive power and 
harmonic currents from the AC source. These nonlinear loads 
cause low efficiency of the power system, poor power factor, 
destruction of other equipments due to excessive stresses and 
EMI problems [2, 31]. In this way non-sinusoidal currents, 
pollute the utility line due to the current harmonics generated by 
them. Active power filter (APF) is used to provide reactive 
power and harmonics compensation for nonlinear loads. SAPF 
compensates current harmonics by injecting equal but opposite 
harmonic compensating current. 

Development of a suitable controller for APF is the task of 
prime preference for achieving the best possible results. The 
fixed gain conventional PI controller has been designed and 
tested for the constant load condition [2]. Under the variable 
load condition tuning and design of such conventional PI 
controller is a difficult task. So the performance of SAPF is not 
satisfactory with conventional PI controller when the load is 
increased from its rated value. Under such situation adaptive 
control schemes are required for SAPF. In this paper the results 
are compared for the system simulated with fixed gain PI, with 
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Adaptive controllers (based on MRAC scheme) under steady 
state and transients to prove the suitability of adaptive 
controllers in varying conditions.  

The three-phase supply voltage is assumed to be balanced 
and sinusoidal. A load with nonlinear characteristic is 
considered for the load compensation. The source current (is) is 
equal to the load current (iL) when the compensator is not 
connected. The PI controller is properly tuned for the rated load 
of 1KVA (called as load-1). The compensation property of SAPF 
is satisfactory (THD is less than 5%) for this value of load. 
When the load is suddenly incrased (more than the twice of the 
rated load, (called as load-2) then compensation property of 
SAPF is badly affected as shown in Fig. 9. There is sudden 
drop in DC link capacitor voltage (Vdc) as shown in Fig. 9 and 
THD becomes 13.78% which is much beyond the limit imposed 
by IEEE 519 standards.  

 

Fig. 9. Uncompensated source current, Compensated source 
current and DC link voltage with PI controller. 

The clear improvement can be observed in performance of 
SAPF with the application of Adaptive controller (Fig. 10). The 
THD is reduced from 13.78% to 3.77% in this case and the drop 
in DC link capacitor voltage is also much less with the increment 
in load.  

 
Fig. 10. Uncompensated source current, Compensated source 

current and DC link voltage with Adaptive Controller. 

Table 1: Comparison Between Conventional and Adaptive 
Controller for SAPF. 

 SAPF with 
Conventional Controller 

SAPF with Adaptive 
Controller 

% Drop in 
Vdc 

16.8% 4.09% 

 
% THD 

1.63%  (for Load-1) 3.39% (for Load-1) 

13.78%  (for Load-2) 3.77% (for Load-2) 

It can be concluded that the Adaptive controller is more effective 
for compensating the harmonics during the transients  as 
compared to the conventional PI controller. The results are 
summarized in Table 1. 

 III. CONCLUSION 

This paper presented the detailed theoretical and analytical 
insight of different adaptive and AI based advanced control 
schemes used for controlling the Shunt Active Power Filter to 
improve the power quality on the basis of extensive literature 
review in this field. All control schemes have their own field of 
applications with numerous advantages and limitations. 
However a comparative analysis for conventional and adaptive 
control schemes is presented in the paper for variable load 
condition and results are summarized in Table I to provide a 
quick view to researchers in this area. 
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