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Abstract: The main aim of this project is 

enhancement of power quality through power factor 

correction stages in residential smart grids by using 

power quality enhancer with Artificial Neural network 

(ANN). The proliferation of non-linear loads & the 

increasing entrance of distributed energy resources 

(DER) in medium voltage (MV) & low voltage (LV) 

distribution grids, make it more difficult to keep up 

the power quality levels in residential electric grids, 

particularly on account of weak grids. Most residential 

areas contain a power factor corrector (PFC) rectifier, 

which maximizes the load pf however doesn’t 

contribute to the regulation of the voltage total 

harmonic distortion (THDv) in residential electrical 

grids. This manuscript proposes an alternation for PFC 

controllers by adjusting the operation mode depending 

upon the measured THDv. Accordingly, the PFC 

controllers by adapting the operation mode either in a 

low voltage current (THD1) mode or in the customary 

resistor emulator mode & contribute to the regulation 

of the THDv & the pf at the conveyance feeders. ANN 

and hysteresis control methods are used to increase the 

performance of the boost inverter. 

MATLAB/Simulink controls the stability of the 

controller; the results show that the ANN controller 

gives an efficient result. 

1. Introduction 

Harmonic limits are specified by international 

standards and grid rules on AC electrical networks to 

ensure efficient and accurate operation of subsystems 

and equipment connected to a grid, e.g. power 

generators, loads and storage systems. The suggested 

harmonic standards in Electro Power Systems[1] 

were applied and monitored to establish limitations 

for particular harmonics as well as for current THD. 

In electric distribution systems, the current voltage 

and harmonic distortions are strongly connected and, 

if very nonlinear charges are coupled, the tap-screw 

THDV-boundary may be exceeded[2]. 

THDV increase with residential charges, particularly 

in 3rd, 5th, 7th, 9th, 11th, 13th harmonics[9]. This 

voltage is mostly due to a harmonic backdrop. In 

residential settings, the impact of harmonics is 

reduced by local or large-scale mitigation methods. 

Local load-side energy sources[11] or the active 

power filter features[12] are utilized. This requires 

the distributed generation and active forward storage 

as adjustable harmonic impedances[12]. In particular 

through the allocation of compensatory priorities to 

DERs, the coordination of local solutions provides a 

framework for the broad strategy of mitigation[13]. 

By altering the DER intake,[15] or by employing 

low-voltage distributed equipment for current 

harmonic filters,[16] the THDV can be optimized by 

means of a droop approach[13]. Increased P-F and 

voltage disturbance mitigating effects [17]-[19] is 

also supported by a distributional power feed system, 

i.e. active hybrid power filters, which incorporates a 

mitigation device. DER compensation capability and 

availability is limited by its nominal rating i.e. the 

LCL and its operating modes, i.e. the reactive energy 

compensation, respectively. Additional equipment, 

total expenses are to be raised and previous grid 

impact analysis[16], resonances of passive filters 

need to be included in dedicated local filtering 

solutions. Moreover, coordination of local solutions 

will require communication to improve deployment 

complexity. This book, on the other hand, suggests 

extending the capabilities of current PFCs without 

any additional hardware expenses into a local load 

side technique. 

PFCs are utilized in large numbers in household 

appliances as active front AC/DC converters that 

impose unit power factor, and provide the required 

constant DC voltage with the load. As an emulator of 

EPS' electric power quality, the PFC steps normally 

serve as an input current that is associated with the 

shifting rib, with a harmonic high-frequency 

distortion. In [24], the proposal is for a PFC variable 

input boost, which is digitally controlled. The 

resistance emulation behavior at different harmonic 

frequencies is altered to strengthen the stability of the 

grid. Previously, other PFC studies impressing 

sinusoidal input currents have been published 
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(sinPFC). [24], [25] shall be employed by a sine-

wave generator in the current loop for creating the 

relevant reference current in the single-phase 

systems. Like [26], the Sine Wave Generator can be 

replaced by the Phase-Locked Loop to generate the 

reference signals (PLL). In [27] a current sensor 

control system is employed with immunity to input 

voltage distortion. The three phases of PFCs[28] and 

[29] respectively are also used for these techniques. 

When modulation signals synchronize with the grid, 

harmonics are activated precisely using digital 

controllers to correct for the effects of distortion and 

adaptive controllers to detect the ideal response under 

distorted or non-distorted grid voltage. In terms of 

simplexes and reliability, the adoption of sensor less 

technology displays progress. For digital control 

performance, the circuits for the current meter, 

signals and a digital converter analogue are also 

eliminated if the resulting power factor is sufficient. 

The resulting control covers a broader portfolio as the 

current signal does not depend on the sensor size. 

Recently, several sensor less techniques were 

applied. The Vienna 3-phase rectifier is equipped 

with a voltage without an adjustable sensor control 

system[30]. An artificial sensor less input tension 

approach is described in a Look-Up Table [31] 

(LUT). The load area extends with a more advanced 

technique for pre-duty cycle sequence calculation, 

provided that the reference is sinusoidal[32] with no 

input voltage or current acquisition. A new, 

interleaved, sensor-less topology technology with 

multi-phase [33] [34] is enhanced. Since the 

inductive current form of the input depends on the 

voltage, the distortion in the input voltage generates a 

distortion of the input current through resistance 

emulator technology. 

Various approaches to address these challenges are 

being offered including an active line current 

detecting phase of the power factor adjustment 

technology. The main benefits are: The following 

1)Small kind of input wave distortion. 2) Unity 

power factor. 2. 3) Output DC tension control. 3) 

While the single-phase boost converter is more costly 

than only diode correctors, it is a more efficient way 

to prevent power degradation in one-phase situations. 

Fig.1 shows a one-phase PFC converter, which in 

comparison with other topology is the simplest 

control system. 

The typical PID controller has been utilized widely 

for management of the power supply circuit[3,4]. The 

PID is based on system modeling with a nominal 

item with constant parameters and perturbations, 

however with some alterations the results are 

horrifying. Intelligent controls have been used to 

solve this challenge to achieve robustness control and 

performance with parameter changes. In this paper, a 

case study on Artificial Neural Network (ANN) 

based power factor correction technique has been 

presented in order to provide flexible training 

material. Incremental Back Propagation (IBP), Batch 

Back Propagation (BBP), Resilient Back Propagation 

(RBP), and Quick Back Propagation (QBP) 

algorithms have been used for training the system 

[26-30]. In the software, Multi-Layer Perception 

(MLP) has been used as the ANN architecture and 

supervised learning has been preferred for the 

training process. The aim of preparing the ANN 

software is to provide the ANN structure with 

efficient learning, and to select appropriate ANN 

parameters in the training and testing stages. In the 

software, the user defines the ANN structure, input-

output layers, hidden layer amount and node amount 

in the hidden layer. The developed software has been 

used to train and test the PFC when a synchronous 

motor has been used. Required data for the training 

process was obtained by Bayindir [22]. Four learning 

algorithms were applied to PFC system training. 

Although the developed software was applied to the 

synchronous motor based on PFC, it can quickly be 

applied to any other controller that increases current 

loop efficiency and does not require the typical 

hysteresis controller to use the mathematical 

converter PFC[8]. MATLAB/Simulink assessed the 

proposed controls. 

2. Effect of the proposed controller on the 

Electrical Power Quality of Residential Grids 

The PQE PFC is a typical PFC, which is digitally 

enriched and changes the operating mode to 

maximize PF and reduce the THDV on a PCC. The 

suggested controller adjustment is shown in Figure 1 

where the local THDV measures are employed to 

shift the PFC operating mode. For analysis purposes, 

Thevenin and Norton are the equivalents for the 

home grid and household equipment described in 

figure 1. The residential unit [38] is modeled with its 

equivalent impedance and current source reflecting 

linear, linear, non-linear loads. Since most of the AC 

and DC converters linked to the grid are the 

unidirectional CHA, the home impedance is 

approximated by pure RCHA resistance and the 

current source corresponding to the total N −1 current 

i0 CHA harmonics. The impedance of the home by a 

resistor approximates. The largest harmonic order for 

i0 CHA (1) is therefore provided and n for the current 

CHA: 

𝑖′𝐶𝐻𝐴
(𝑡)

= ∑ 𝑖′𝐶𝐻𝐴,
𝑁

𝑛≠1
𝑛(𝑡)  (1) 
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Likewise, PQE-PFC domestic appliances have an 

analogue Req resistor replicated, and harmonically 

distorted current is measured by a fluctuation from 

the PCC voltage to its fundamental frequency 

component in where M is the highest harmonic vPCC 

order. Factor k is chosen depending on the PCC 

THDV. In k=0 the resistor emulator works with k=1 

and the sinusoidal input stream approaches. 

Moreover, the PQE pfc's input power imposed by 

pfc's output power is deteriorated, as it is a front end 

converter supported by an external voltage 

controller's stationary voltage (Fig.1). 

𝑖′
𝑃𝑄𝐸

(𝑡)
= −𝑘

𝑉
𝑃𝐶𝐶(𝑡)−

𝑉𝑃𝐶𝐶,1(𝑡)

𝑅𝑒𝑞
  

                = −𝑘
∑ 𝑉𝑛(𝑡)𝑀

𝑛≠1

𝑅𝑒𝑞
  = −𝑘

𝑉𝑃𝐶𝐶,𝐻
(𝑡)

𝑅𝑒𝑞
 (2) 

 

 

Fig. 1.The ANN controller proposes standard AC-DC steps for feeding the Low Voltage Grid for residential 

devices. 

In terms of domestic appliances, the electrical grid is 

modeled on impedance Zg and vg: 

𝑉𝑔(𝑡) = 𝑉𝑔, 1(𝑡) + ∑ 𝑉𝑔, 𝑛(𝑡)𝐿

𝑛≠1
 (3) 

Where Vg,1 is the fundamental component of the 

harmonic voltage grid, L shall be the biggest 

harmonic order vg, and L shall be the nth harmonic 

module, L shall be < N. In the PQE's immediate input 

force the amount of electrical power in non-

sinusoidal conditions, sinusoidal, unbalanced and 

equilibrium are defined in Fig. 1. 

𝑃𝑖𝑛
𝑃𝑄𝐸

(𝑡)
= 𝑉𝑃𝐶𝐶(𝑡)𝑖𝑃𝑄𝐸(𝑡) = 𝑉𝑃𝐶𝐶(𝑡) (

𝑉
𝑃𝐶𝐶(𝑡)

𝑅𝑒𝑞
+

                      𝑖′𝑃𝐸𝑄(𝑡))   (4) 

The average grid T provides PQE PFC with active 

power. 
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𝑃𝑖𝑛
𝑃𝑄𝐸

(𝑡)
=

1

𝑇
∫ 𝑃𝑖𝑛

𝑃𝐸𝑄(𝑇)𝑑𝑡 =
𝑡

𝑡−𝑇

𝑉2
𝑃𝐶𝐶,1

𝑅𝑒𝑞
+

(1−𝑘)

𝑅𝑒𝑞
∑ 𝑉2

𝑃𝐶𝐶 ,𝑀
𝑛≠1 𝑛 =

𝑃𝑜𝑢𝑡
𝑃𝐸𝑄(𝑡)

𝑛
 (5) 

α is the pqe PFC efficient and its output power, 

meaning it is a front-end transducer, where PCC 

tension and Req are supposed to change slowly 

enough (Fig. 1). The strength of the PQE PFC is so 

equivalent 

𝑅𝑒𝑞 =
𝑛/100

𝑃𝑜𝑢𝑡
𝑃𝐸𝑄

𝑉2
𝑃𝐶𝐶 , 1(1 + (1 − 𝐾)𝑇𝐻𝐷2

𝑉) 

(6)  

Pout PQE is imposed by external voltage loop, 

depending on the PCC voltage and the required 

operating mode (k). Thus, Req increases in resistive 

emulator mode (k=0) with THDV. In order to 

facilitate this, it is assumed in the next analysis that ± 

= 100%. 

3. Current-Loop Controller 

 

Fig 2. Control diagram. 

The strip was fixed Hysteresis Controller is used for 

band maintenance (HCC). The controllers issue a 

command when the difference between the measured 

and the reference current is outside the tape. Figure 2 

depicts the current fixed band hysteresis system. 

HCC input is the real error and switch control output 

is [11]. It's a non-linear approach employing HCC. It 

has the benefits of stability and simplicity of 

installation. The response time is fast, steady and 

precise. This command is controlled exclusively; it is 

the width of the band. The current oscillates in the 

PFC circuit around a continuous band hysteresis, as 

seen in Fig.2. A hysteresis controller controls the 

induction current in the diode bridge output. The 

comparator determines the control of the connected 

boost converter switch. The time of change is the 

following: 

{
𝑖∗ − 𝑖 =

Δ𝑖

2
→ 𝑠 = 1

𝑖∗ − 𝑖 =
Δ𝑖

2
→ 𝑠 = 0

   ( 7) 

The variable and uncontrolled frequency of switching 

is the primary drawback of the HCC controller. 

4. REACTIVE POWER CURRENT 

DETECTION METHOD  

To calculate reactive power consumed by the non-

linear load, both grid voltage information and 

fundamental current information of the non-linear 

load are needed. The former is measured at the PCC 

and the latter can be estimated using the ANN 

Controller. In this paper, it is assumed that the 

voltage at the PCC does not contain harmonics. 

Therefore, the following equation can be used to 

calculate reactive power consumed by the non-linear 

load [10]:  

 

After computing the reactive power consumed by the 

non-linear load, the corresponding reactive power 

compensation signal can be calculated as [10]: 

 

Equ represents the desired output power from the 

PQE, that is P* = 0,Q* =-Q calculated 

using the forward Clarke transformation as is shown 

below: 

 

Finally, the reverse Clarke transformation is used to 

convert the reactive power compensation signal from 

αβ frame to abc frame as is shown in the following 

equation: 
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5. DC link capacitor modelling  

The Cdclink is an intermediary electronic component 

located between the DC/DC converter and the 

DC/AC converter, as shown in Fig. 1. The QmaxPV 

is the maximum limit of the amount of Q (Qmax) that 

Cdclink can support. The mathematical steps to 

calculate the sizing of Cdclink based on Qmax start 

with the three-phase apparent power (S) equation as 

per Eq. (4): 

 

Since only alternating current (AC) is involved, the 

resistance (R) is replaced with impedance (Z) by 

using Ohm’s law and shown in Eq. (5): 

 

Substituting Eq. (4) and Eq. (5) gives Eq. (6): 

 

By considering Q only, the impedance is replaced by 

capacitor reactance (XC) as per Eq. (7): 

 

where Eq. (8) gives XC: 

 

Finally, the size of the capacitor (C) in terms of 

Qmax and Vdclink derived by Eq. (9): 

 

By considering 25% as a safety margin, the Cdclink 

is assumed to be 25% larger than in Eq. (9). Hence, 

Eq. (10) established: 

 

The size of Cdclink is measured in Farad (F). The 

system frequency (fs) regulated by Malaysian 

Distribution Code is 50 Hz [34]. Equations (9) and 

(10) show that a higher Qmax consumed larger 

Cdclink, and a higher Vdclink will increase Cdclink’s 

Qmax support. Table 1 shows the important 

parameter value used in this PF-controlled solar PV 

system design. 

Power factor 

 The power factor is defined as the ratio of active 

power (Pact), i.e., the power consumed by a load, to 

apparent power (Papr): Power factor (PF) = 

active_power / apparent_power = Pact／Papr --- 

Equation 4-1 Active power (Pact) is the amount of 

power consumed by a load whereas apparent power 

(Papr) is the amount of power transferred from a 

power supply. Apparent power (Papr) can be 

expressed as follows: 

 

 

where reactive power (Prea) is the amount of power 

that is not consumed by a load. Therefore, the power 

factor can be expressed as follows 

 

The power factor is equal to the cosine of the phase 

difference between voltage and current (i.e., the 

phase angle between apparent power and active 

power) as shown in Figure 4.1. Therefore, the 

product of voltage and current (i.e., power) is 

converted into energy. When AC voltage is applied to 

an inductive or capacitive load results in a phase 

difference between voltage and current. This phase 

difference changes the rate of conversion to energy. 

The power factor is the ratio of the power converted 

into energy to apparent power. 
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Harmonics  

A harmonic is a distortion contained in the sinusoidal 

AC current waveform and is defined as a component 

having a frequency that is an integer multiple of its 

fundamental frequency. The nth-order harmonic is 

the nth multiple of the fundamental frequency. A 

harmonic is a sine waveform with a frequency that is 

an integer multiple of the fundamental frequency. A 

sine waveform without distortion consists of only the 

fundamental frequency and no harmonics. All 

waveforms with distortion contain harmonics. The 

waveform of the mains power supply with harmonics 

is distorted. Distortion is caused by the rectification 

and smoothing circuits at the input of electronic 

systems. Harmonics generated by an electrical or 

electronic system might adversely affect electrical 

facilities and other systems (e.g., the heating of 

phase-advancing capacitors and reactors). Noise is a 

phenomenon similar to harmonics. In a broad sense, 

harmonics are also noise. However, noise is not 

associated with the power supply frequency. 

Harmonics are always a function of the power supply 

frequency. 

 

because this mode results in higher PF at the PCC 

than the resistive emulator mode. This condition can 

also be expressed as 

 

Lc filter 

The LC filter is also known as the low-pass second-

order filter. It was installed at the AC side of the 

designed solar PV system and EV charging system. It 

can block high-frequency signals and allow only low-

frequency signals to pass through it [33]. Figure 6 

shows the basic configuration of an LC filter. The 

switching frequency (fsw) is 10 kHz. The cut-of 

frequency (fc) of the LC filter is the allowable 

frequency signals upper limit, and it should be less 

than 1/10th of fsw [33]. Meanwhile, one research 

[35] has reported that the fc value is recommended to 

be more than 1/14th of the fsw for less attenuation 

effect. By considering less attenuation effect and 

within 0.3% distortion as in IEEE1547 guidelines 

[35], a mathematical equation for fc and fsw 

expressed by Eq. (11): 

 

As to prevent less than 3% voltage drop across the 

Lfilter, the size of Lfilter is calculated by Eq. 

 

Lg=0.08 mH,  

Rg = 60 mΩ. 

where ILmax is the maximum RMS load current 

value, and Uinv is the unfltered output voltage of the 

DC/AC converter. Finally, the size of Cflter is 

calculated as per Eq. (13) [33]: 
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5. DC Bus Voltage Controlling with ANN Logic 

Controller. 

Artificial neural networks Artificial neural networks 

(ANNs) are biologically inspired intelligent 

techniques. ANNs are generally made of a few 

simple and highly interconnected processing 

elements organized in layers as shown in Fig. 2. 

These processing elements or neurons process 

information by its dynamic state response to external 

inputs. ANNs are capable of learning patterns by 

being trained with several known patterns. The 

learning process automatically adjusts the weights 

and thresholds of the processing elements. Once 

adjusted with minimal differences between the ANN 

output and the targeted output, the neural network is 

said to be trained. Artificial neural networks have 

many structures and architectures [34,35]. Multi-

layered perceptrons (MLPs) are the simplest and, 

therefore, most used neural network architectures 

[35]. Fig. 2 shows an MLP with three layers: an input 

layer, an output layer and an intermediate or hidden 

layer. Neurons are represented with circles. Neurons 

in the input layer only act as buffers for distributing 

the input signals xi to neurons in the hidden layer. 

Each neuron j in the hidden layer sums up its input 

signals xi after weighting them with the strengths of 

the respective connections wji from the input layer 

and computes its output yj as a function f of the sum: 

 

f can be a sigmoidal or a hyperbolic tangent function. 

The output of the neurons in the output layer is 

computed similarly. Several learning algorithms were 

used to adjust the weights of the ANNs. The 

extended delta-bar-delta (EDBD) learning algorithm 

used to train the neural architecture is introduced 

below. This algorithm is an extension of the delta-

bar-delta (DBD) algorithm and is based on 

decreasing the training time for multi-layered 

perceptron’s. The use of momentum heuristics and 

avoiding the cause of wild jumps 

 

in the weights are the features of the algorithm 

developed by Minai and Williams [36]. The EDBD 

algorithm includes a little used error recovery feature 

that calculates the global error of the current epoch 

during training [36]. If the error measured during the 

current epoch is greater than the error of the previous 

epoch, then the network’s weights revert to the last 

set of weights that produced the lower error. In this 

algorithm, the changes in weights are calculated as 

 

where a(k) and l(k) are the learning and momentum 

coefficients, respectively. Dw(k) is the previous 

change of the weights and d(k) is the gradient 

component. The weights are then found as 

 

The learning coefficient change is given as 

 

where ja is the constant learning coefficient scale 

factor, exp is the exponential function, ua is the 

constant learning coefficient decrement factor and ca 

is the constant learning coefficient exponential factor. 

The change in momentum coefficient is also written 

as 
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where jl is the constant momentum coefficient scale 

factor, ul is the constant momentum coefficient 

decrement factor, cl is the constant momentum 

coefficient exponential factor and dðkÞ is the 

magnitude of the weight gradient component. As can 

be seen from Eqs. (6) and (7), the changes of the 

learning and momentum coefficients have separate 

constants controlling their increase and decrease. d(k) 

is used whether an increase or decrease is 

appropriate. Therefore, the increases in both 

coefficients were modified to be exponentially 

decreasing functions of the magnitude of the 

weighted gradient components j. Thus, greater 

increases will be applied in areas of small slope or 

curvature than in areas of high curvature. This is a 

partial solution to the jump problem. To take a step 

further to prevent wild jumps and oscillations in the 

weight space, ceilings are placed on the individual 

connection learning and momentum coefficients. For 

this, a(k) 6 amax and l(k) 6 lmax must be satisfied for 

all connections, where amax is the upper bound on 

the learning coefficient, and lmax is the upper bound 

on the momentum coefficient [37]. If the error, E(k), 

is less than the previous minimum error, the weights 

are saved as the best current values. A recovery 

tolerance parameter k controls this phase. 

Specifically, if the current error exceeds the 

minimum previous error such that E(k) > Emink, all 

connection weights revert to the best set of weights 

stored in memory. Further, both coefficients are 

decreased to begin the recovery [37]. 

In the proposed controller configuration, the 𝑉𝑑𝑐
𝑟𝑒𝑓

 is 

compared with the 𝑉𝑑𝑐, Where 𝑉𝑑𝑐 = 𝑉𝑑𝑐
𝑟𝑒𝑓

 the 

specified reference level. 

here the expression is given as:  

𝑉𝑑𝑐 =
(1−𝑑)

𝑅
  

is similar to the NLC control law or the Linear Peak 

Current-Mode (LPCM) control. 

The second term, 𝑉𝑃𝐶𝐶𝐻/𝑅  , corresponds to line 

harmonic voltage distortion and factor k allows the 

𝑇𝐻𝐷𝑉to be considered. The duty cycle command is 

obtained by comparing the digitized signals 𝑖𝑎𝑣(𝑡) 

and a leading-edge saw-tooth carrier signal 𝑉𝑚(𝑡) 

was given as: 

 

where 𝑉𝑚 = 𝑅𝑠𝑉𝑑𝑐/𝑅. For the current sensor-less 

application, 𝑅𝑠 = 1 Ω is arbitrarily adopted, where the 

value R changes with the load and is set by the outer 

voltage loop with 𝑉𝑚. 

6. SIMULATION RESULTS 

Boost converter has been tested under two input 

voltages (100Vrms and 230 Vrms) and three input 

frequencies (50 Hz, 60 Hz and 400 Hz), with 12 % 

harmonic distortion, for two different power levels 

(around 330 W and 800 W), and 96 kHz switching 

frequency. the voltage and current waveforms of the 

ANN PFC in resistor emulator and sinusoidal current 

modes respectively at 50 Hz. In resistor emulator 

mode the current waveform is proportional to the 

voltage one and, hence, current harmonics will 

generate voltage harmonics at the PCC due to Zg in 

Fig. 1. By changing the operation mode to sinusoidal 

current one, the THDI reduces from 11.5 % to 0.07 % 

and the THDV reduces from 4.2% to 1.14%. Since 

the ANN PFC active power is almost constant (350 

W) in both operation modes, the fundamental input 

current must increase to compensate for the active 

power transferred by the current harmonics in the 

resistor emulator mode. 

Existing PQE PFC PID 

 

 

 

(a) 
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(b) 

 

(c) 

Fig5. PQE PFC PID experimental simulation results 

(a) Current (b) Voltage waveforms and (c) Active Reactive power 

The existing PQE PFC performance has also been evaluated in 60 Hz EPS, as it is shown in Fig. 5.a and 5.b. The 

results are similar to the 50 Hz case. Input current ripple is higher because the DC output voltage is intentionally 

lower in these tests to verify that the PQE controller performance does not depend on the output voltage level. As it 

is shown in Fig.5.b, the input current spectra in both operation modes follow the behavior observed in the 50 Hz 

case. Finally, in order to show the applicability of this approach to airplane EPS. Again, the performance of the PQE 

PFC is consistent with the previous cases. The results of all the cases are summarized in Table I. The lower 

distortion observed as the Active power increases is a consequence of the applied technique without current sensor 

[46]. This technique compensates for the current estimation errors acquired around the zero line crossing and 

therefore the accumulated error during half the line period becomes lower as the Active power increases and 

Reactive power goes to zero. 

Proposed Controller ANN 
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(c) 

Fig6. ANN PQE PFC Simulation results   

(a) Current (b) Voltage waveforms and (c) Active Reactive power 

One advantage of the FLC is that the order harmonic is reduced, that before compensation, the PCC current is the 

same as the non-linear load input current, which is highly distorted. After compensation, the PCC current wave form 

becomes sinusoidal. It can also be seen that at 2 second, the non-linear load current increases significantly. 

However, the current at PCC remains sinusoidal during the transition. 

Table 1. THDs of the Voltage and Currents of the 

grid. 

Controller Voltage 

THD% 

Current 

THD% 

PID 4.2% 3.4% 

ANN 1.14% 0.07% 

To empirically corroborate this idea and to analyze 

frequency of change at two different power levels, 

the Boost converter was tested under two input volts 

and three input frequencies with 12 percent harmonic 

distortions. In pure sinusoidal mode and resistance 

emulator mode, the PQE controller investigated this 

condition. For distorted voltages, many templates are 

established. 

In view of diverse THDV scenarios, the impact of the 

connection between domestic appliances and the grid 

over PFC phases has been investigated. There are 

requirements that provide superior PF for the PCC 

than for resistance emulator behavior, normally 

considered optimal for PFC stages. 

The working mode of the digital controller can be 

automatically modified by means of the THDV 

measured locally without further circuitry. The user 

chooses to conduct himself or to threaten THDV. 

PQE controller usefulness is demonstrated by the 

results of a simulation using high THDV (over 5%) 

in both the existing sinusoidal and resistive emulator 

mode. 

The ANN controller shows that the current THDV is 

less than 5% and 1.14% for the voltage. 
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Fig4. A) THDs of the currents B) THDs of the 

Voltages. 

Conclusion:  

This article has analyzed the APFC converter DC 

voltage loop. Implemented, robust and efficient for 

enrichment PFC converter performance is ANN logic 

controller technology. The recommended strategies 

were simulated using Mat lab/Simulink with 

successful results. The simulation findings have been 

shown and validated in real time, while at the same 

time high efficiency is obtained. The proposed 

control, applied to the power factor unit, gives higher 

results, reduced harmonic distortion and robustness 

control during parameter changes. 
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