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Abstract  The paper presents a Novel Green Plug-Filter Compensation Scheme developed by the Second Author and 
controlled by an integrated Genetics algorithm (GA) with Adaptive Neuro-Fuzzy Inference System (ANFIS) controller 
developed by the First Author for gain adjusting of a PID tri-loop stage control scheme applied on single phase Induction 
motor. A Tri Loop dynamic error controlled technique is used to reduce inrush current conditions, improve energy 
utilizat ion, ensure soft starting, reduce inrush current as well as effectively ensure motor dynamic speed tacking.The 
proposed technique is used to adjust the feeding of PWM switching of GP-FC by finding the optimal control gain settings 
that dynamically minimize the global dynamic error. Digital simulations are provided to validate the effectiveness of this 
device in improving the power quality and system stability. 
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1. Introduction 
A novel Green Plug-Modulated Filter Compensator 

(GP-FC) is used as green energy efficient plug 
compensation scheme. The Simple modulated 
filter/Capacitor compensation scheme, developed by the 
Second Author and controlled by an integrated Genetics 
algorithm (GA) with Adaptive Neuro-Fuzzy Inference 
System (ANFIS) controller developed by the First Author, 
is a member of a family of Energy efficient, Soft Starting 
Switched/Modulated FACTS based Compensation Devices 
for single phase and three phase motorized, inrush and 
nonlinear loads. Active and Reactive powers have direct 
impact on the energy efficiency, efficient utilization, power 
factor, power quality and voltage profile of the system. 
There are many techniques to supply and compensate for 
load reactive power requirements needed by 
nonlinear/inrush/motorized type loads. So fast control 
action is needed. By  build ing on technologies developed for 
FACTS and LC Switched Compensators and high-power 
CSI and VSI-electronic converters and drives, it is offered  a 
number of advantages in control of power systems, 
including speed and accuracy of the controlled response. 
Advanced control and improved semiconductor switching 
of these devices have provided distinguished solutions for 
power quality enhancement[1]-[5]. 
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The functions of the Energy Efficient, soft starting and 
reactive compensation green plug scheme can be power 
factor correction, power quality enhancement, efficient 
utilizat ion, dynamic voltage control, inrush current 
reduction and dynamic speed reference tracking. GP-FC 
may be used in AC power system for various applications, 
from controlling reactive power to the system to improving 
voltage regulation and power factor by reducing 
transient/inrush content in voltage and current supplied to 
the dynamic nonlinear/inrush type motorized load. Beside 
the power demand requirements, some contingencies and 
negative sequence /ripple content are among other factors 
that are crucial when it happens to power quality 
issue[6],[7]. The most important point is to find  the optimal 
dynamic self- regulating switching patterns for the GP-FC 
devices, this selection can be adapted by AI trends. In 
recent years, AI theory applications have received 
increasing attention in various areas of power systems such 
as operation, planning, and control. The effect of different 
controllers as conventional and adaptive AI controllers can 
be compared to conclude the most effective controller. 

The main benefit  in using the genetics algorithm is the 
ability of GA to reach the optimal solutions, which 
guarantees that if the GA is well self designed and trained 
that will lead to the most achieved level from the desired 
performance for the system under any problem space. 
About the Adaptive Neuro-Fuzzy Inference (ANFIS), we 
can first state that ANFIS is a merg ing system between the 
neural network system and fuzzy logic system. Therefore, it 
has the resultant benefits of both systems. The fuzzy system 
is a very efficient tool in the controlling actions and the 
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neural networks (NN) are powerful in patterns 
classifications and patterns recognitions. The NN can be 
merged with the fuzzy system to adapt the parameters of the 
fuzzy systems to reach the best collection of fuzzy 
parameters lead to the required controlling procedure. 
Therefore, we get the positive options from each AI system 
and merge them to get the global benefits. 

The electromechanical modes of the system can be a 
good indicator for the dynamic response; the speed 
deviation response (∆ω) and the mechanical rotor angle 
response (∆δ) can be shown. The study system response for 
the operating cases with related GP-FC parameters will 
show the effect to get the significant setting of those 
parameters to enhance the response. Without adapting the 
GP-FC parameters, we may loss the benefits that we got 
from installing the GP-FC, where may  impair the system 
response[8]-[13]. 

The paper validated a novel switched filter Green 
Plug-Filter Compensator (GP-FC) scheme using a dynamic 

Multi-Loop Error Driven regulator to improve the power 
quality and utilizat ion in  Distribution/Utilizat ion Systems, 
especially for single phase induction motor. The pulsing 
sequence of GP-FC utilizes the tri-loop dynamic 
error-driven weighted modified PID controller to control it. 
GP-FC scheme proved very effective in improving the 
power quality, enhancing power factor, reduce transmission 
losses and limit transient over voltage and inrush current 
conditions on the AC interconnected system. 

2. Green Plug-Filter Compensator 
(GP-FC) scheme 

The novel FACTS GP-FC device is a switched / 
modulated filter-capacitor compensator, it has two main 
schemes, as shown in Figure 1 and Figure 2, based main ly 
on a combination of capacitors connections and MOSFET 
switches. 

 
Figure 1.  Scheme I of GP-FC 
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Figure 2.  Scheme II of GP-FC 

In general description, a hybrid series and shunt 
capacitors with a tuned arm power filter constitutes the 
main GP-FC components. The series capacitor Cs is 
connected in series with the transmission line to offset 
dynamically part of the line inductance. Such reduction 
improves the inrush condition and inherent voltage drop and 
reduces the feeder reactive power loss. Three shunt 
capacitor banks (Cf1, Cf2 and CL) are connected in  
parallel; they provide reactive power compensation and 
improve the regulation level. The series capacitor works for 
dynamic voltage boosting and limit ing the inrush current. 
The solid-state switches path has six pulses converter bridge 
plus resistance (Rf) and inductance (Lf) branch that 
structures a tuned arm filter of the DC side. The device is 
mounted between the AC and DC sides of the converter 
bridge. 

The two HEXFET/MOSFET switches (S1 and S2) are 
controlled by two complementary switching pulses (P1 and 
P2) that are supplied by the dynamic tri-loop error d riven 
modified VSC controller, which will be described later. The 
first pulse P1 d irects S1, while the second pulse P2 directs 
S2. The procedure of the complementary PWM pulses can 

be explained as follow:  
Case 1: If P1 is high and P2 is low, the resistor and 

inductor will be fu lly shorted and the device will provide 
the required compensation to the load.  

Case 2: If P1 is low and then P2 is high, the resistor and 
inductor will be connected into the circuit as a tuned arm 
filter. 

3. Case System Description 

The digital simulat ions using Matlab/Simulink/Sim-Powe
r Software Environment is applied to the Sample AC Study 
System, which has AC source with 240 volt and 
transmission line represented with Rs and Ls to supply 
single phase capacitor run induction motor. Figure 3 depicts 
a single line diagram of the studied AC system. The detail 
parameters of the system are given in Appendix.  

The Sample Study System is controlled by applicat ions 
of both scheme I and scheme II of switched smart filter 
compensated device using Green Plug Filter Compensator 
GP-FC devices to the SPIM Load.  
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Figure 3.  Concerned system with Single Phase IM loads 

4. Proposed Tri-Loop Dynamic 
Error-Driven PID  

The dynamic controller based on Tri-loop driven error is 
used to modulate the switched filter compensator. The 
resultant of error signal is directed to feed the control unit 
of modulating signal to the PWM switching b lock which 
acts on the MOSFET gate to control the modified  VSC 
controller as shown in Figures 4 and 5. 

The global error is the resultant of the four individual 
multi error loops including voltage stabilization, inrush 
current limit ing and synthesize dynamic power loops. Each 
multi dynamic leading loop is used to min imize the g lobal 
error based on a tri-loop functional error signal in addition 
to other supplementary motor current limit ing and or feeder 
currents for loss reduction. 

The four loops can be briefly exp lained as: 
1. VL- Load Bus Voltage Stabilization Loop by tracking 

the error of the load voltage and regulating the voltage to 
near unity. 

2. IL-Dynamic RMS-Current Minimisation Loop to 
compensate any sudden current change that may be caused 

by inrush current, induction motor starting current. 
3. PL-Excursion Damping Loop. 
4. IL- Motor Load Inrush/Ripple/Transient Current 

Damping Loop to reduce the harmonic ripple content in the 
distribution system. 

To enhance the dynamic response of the system, 
Integrated Genetics algorithm (GA) with  Adaptive 
Neuro-Fuzzy Inference System (ANFIS) system will be 
applied to control the parameter settings of PID section to 
fine-tune the system dynamic response.  

Figure 6 depict  a novel integrated Genetics algorithm 
(GA) with Adaptive Neuro-Fuzzy Inference System 
(ANFIS) controller to self-regulate PID tri-loop stage for 
Green Plug-Filter Compensator (GP-FC) Device applied on 
single phase Induction motor. The proposed technique is 
used to accomplish a better feasibility and efficiency where 
it can realize both criteria of power saving as well as quality 
improvement of the source current and load voltage and 
dynamic react ive compensation for the single phase 
induction motor loads. 

The main benefit  in using the genetics algorithm is the 
ability of GA to reach the optimal solutions, which 
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guarantees that if the GA is well self designed and trained 
that will lead to the most achieved level from the desired 
performance for the system under any problem space. About 
the Adaptive Neuro-Fuzzy Inference (ANFIS), we can first 
state that ANFIS is a merging system between the neural 
network system and fuzzy logic system. Therefore, it has the 
resultant benefits of both systems[14]-[18]. The fuzzy 
system is a very efficient tool in the controlling actions and 
the neural networks (NN) are powerful in patterns 
classifications and patterns recognitions. The NN can be 
merged with the fuzzy system to adapt the parameters of the 

fuzzy systems to reach the best collection of fuzzy 
parameters lead to the required controlling procedure. 
Therefore, we get the positive options from each AI system 
and merge them to get the global benefits[19]-[21].   

The structure of the adaptive controller can  be presented in 
working layers. As the neural network layer can be 
considered as co-operative with the fuzzy logic layer to 
construct ANFIS system. Where the genetics algorithm 
system is co-operative layer for the totally ANFIS system as 
a pre-training tool provides ANFIS the train ing patterns.  

 
Figure 4.  Internal Structure of PID 
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Figure 5.  Dynamic controller based on Tri-loop driven error 

 
Figure 6.  Working Layers of the adaptive controller 
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5. Simulation Results  
The MATLAB/SIMULINK/SimPower Platform is used as environment for the proposed GP-FC for the two different 

schemes. The digital simulation  is carried out with and without the controlled GP-FC located in order to show its performance 
in voltage stabilizat ion, harmonic reduction and reactive power compensation at normal operating condition. Table 1 
indicates the GA and ANFIS system parametes. And Figure 7 shows the measurment platform of the system. The dynamic 
responses of voltage, current, active power, reactive power, apparent power, power factor, frequency spectrum (for voltage 
and current), (THD)v and (THD)i at source bus and load with Comparison of harmonics at each bus are made in case of with 
and without GP-FC, as in Figures 8-23. Voltage and current harmonic analysis in term of the total harmonic distortion (THD) 
is given. It is obvious that the voltage harmonics are significantly reduced, also the THD of current waveform at each bus is 
decreased. 

Table 1.  GA and ANFIS System Parameters 

GA Parameters 

Input Variables x(1)= KP  , x(2)= KI    
x(3)= Kd  , x(4)= Ke 

Variables Lower bound LB =[0 0 0 0]; 

Variables Upper bound UB =[100 30 15  10]; 

Options. PopulationType Double Vector 

Options. PopulationSize 30 

Options. EliteCount Adapted in simulations 

Options. CrossoverFraction Adapted in simulations 

Options.MigrationDirection Forward 

Options. MigrationInterval 25 

Options.MigrationFraction: 0.1 

Options. Generations 200 

  
ANFIS Parameters 

  
Number of nodes: 40  

Number of linear parameters: 60 
Number of nonlinear parameters: 20 

Total number of parameters: 80    
Number of training data pairs: 34 
Number of checking data pairs: 24 

Number of fuzzy rules: 14 
Designated epoch number --> ANFIS training completed at epoch 300. 
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Figure 7.  System Measurement Platform 
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The simulation scenario will start with the base case study then Scheme I and Scheme II study. The proposed technique is 
used to adjust the feeding of PWM switching of GP-FC by finding the optimal control gain settings that dynamically 
minimize the absolute value of the global dynamic error. Digital simulations are provided to validate the effectiveness of this 
device in improving the power quality and system stability. To test the effectiveness of the proposed GP-FC scheme, 
comparing the dynamic response results without and with using the proposed GP-FC under study cases; Scheme I and 
Scheme II. The selection of optimal control gains is essential for effect ive robust tracking of different operating conditions. 
• Base Case 

 

 
Figure 8.  Vs FTT, with THD=0.68% then Vl FTT , with THD=15.41% 
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Figure 9.  Is FTT, with THD=9.48% then Il FTT , with THD=9.48% 

• Scheme I run 
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Figure 10.  Vs FTT, with THD=0.53 % then Vl FTT , with THD=7.44% 
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Figure 11.  Il FTT, with THD=7.2 % then Is FTT , with THD=1.5 % 
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Red: with GP-FC, blue: without GP-FC, Noting VL variations. 

Figure 12.  Vload with time then Vload with more zoom in snapshot 
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Red: with GP-FC, blue: without GP-FC 

Figure 13.  Iload with time then Source PF with time 
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Figure 14.  ICf1(mA) t ime then ICf1 with more zoom in snapshot 
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Figure 15.  S1 pulses of MOSFET then IS1 of MOSFET 
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Figure 16.  IS1 zoom in snapshot then error signal of tri-loop with time 

 

 
Figure 17.  Source Active power then Source reactive power 
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• Scheme II run 

 

 
Figure 18.  Vs FTT, with THD=0.68% then Vl FTT , with THD=6.46% 
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Figure 19.  Il FTT, with THD=6.55 % then Is FTT , with THD=1.2 % 
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Red: with GP-FC, blue: without GP-FC, Noting VL variations. 

Figure 20.  Vload with time then Vload with more zoom in snapshot 
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Red: with GP-FC, blue: without GP-FC 

Figure 21.  Iload with time then Isource with time 

 

 
Red: with GP-FC, blue: without GP-FC 

Figure 22.  PFsource with time then Qsource (var) with time 
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Figure 23.  ICl with time then error signal of tri-loop 

From all the previous figures, it can be observed that 
controlled GP-FC mitigates the harmonic distortion that 
caused by the nonlinearity in IM loading condition. 

Comparing the dynamic response results without and with 
the proposed GP-FC, it is quite apparent that the proposed 
GP-FC enhanced the power quality, improved power factor, 
compensated the reactive power and stabilized the buses 
voltage. 

6. Conclusions and Extensions   
This paper presents a novel FACTS based Device GP-FC 

developed by the Second Author and controlled by an 
integrated Genetics algorithm (GA) with Adaptive 
Neuro-Fuzzy Inference System (ANFIS) controller 
developed by the First Author for Soft  Start ing, Energy 
Efficient Ut ilization, Loss Reduction/Power Factor 
Correct ion, power quality improvement and power factor 
correction. 

Integrated Genetics algorithm (GA) with Adaptive 
Neuro-Fuzzy Inference System (ANFIS) controller to 
dynamically regulate the gains of the  PID tri loop stage for 
Green Plug-Filter Compensator (GP-FC) Device applied on 
single phase Induction motor. A Tri Loop dynamic error 
controlled technique is applied to min imize overloading and 
high inrush motor currents, in addition to regulate motor 
dynamic speed ensuring efficient utilizat ion and system 
stability. The proposed technique is used to adjust the 
feeding of PWM switching of GP-FC by finding the optimal 
control gain settings that dynamically  minimize the absolute 
value of the global dynamic error. Dig ital simulations are 
provided to validate the effectiveness of this device in 
improving the power quality and system stability. 
Inappropriate parameters of the PID can affect the dynamic 
performances of the system, so it is important to adapt them 
in real t ime. The integrated GA with ANFIS technique is 
used to adjust controllers’ gains to minimize total absolute 
error. 

The same device is being extended to three phase 
utilizat ion motorized/nonlinear/inrush type/switched type 
loads as well as other topologies for three phase Feeder Loss 
Reduction, Voltage Regulat ion, Power Quality and Power 
Factor Correction for Distributed Renewable Energy-Smart 
Grid Applications 

Appendix  
Appendix for Simulated System Parameters 

 

SPIM (capacitor run): 
Vs = 208/220/240 V          ,        fs = 60 Hz  
Speed =1740 rpm             ,        Ws=377 rad/sec 
P = 3-5 KVA@   0.75-0.88 pf 

Feeder:  
Rs=0.1-0.15 Ω 
Ls=2-3 mH 
 

GP-FC: 
Cf1= Cf2=75-225 μf  
CL=22-66 μf  
Rf=0.15-0.85 Ω 
Lf=3-5 mH 

Tri-Loop: 
To=20-40 ms 
T1=5-10 ms 
Delay=20-40 ms 
KVL=1 
KIL=0.5-0-75 
KPL=0.25-0.5 
Kh=0.25 

SPWM: 
Sa=Sc not Sb  
Fs/w = 1750 Hz 

PID: 
Kp=0-100 , Ki=0-30 
Kd=0-15 , Ke=0-10 
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