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 The article covers the control techniques of shunt active filters using 

switching devices using artificial neural network (ANN) Theory. The basic 

idea is to achieve perfect disturbance minimization in both steady and 
transient states. The paper talks about a four-legged converter with a voltage 

source that can adjust for biased currents and harmonic elements caused by 

non-linear loads. A shunt connected active filter is used to minimise 

harmonic currents. The new proposed ANN controller for the improvement 
of percent total harmonic distortion (THD) is in comparison. The entire 

power filter concept is based on a MATLAB-modeled with ANN controller. 

The proposed circuit in this research is studied under various operating 

situations and simulated, demonstrating the system's potential. 
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1. INTRODUCTION 

A large number of domestic and business electrical loads have recently been fused into facility 

grids. It causes problems with power quality [1], [2]. Thyristor rectifiers, when connected to the facility grid, 

create many harmonics for the growing number of loads that do not respect ohm's law, such as diodes. 

Harmonics create voltage distortions, grid losses, and poor load operation as a result of this. As a result, IEEE 

519 standards [3] are recommended at the grid to manage harmonic currents caused by rapid load variations. 

The shunt power filter (SPF) is made up of specially tuned LC and high band pass filter settings. These are 

simple to use and provide a cost-effective solution for harmonics. Furthermore, the effectiveness of shunt 

filters is mostly determined by grid impedance, which might cause shunt resonance phenomena with the  

grid, which is not desirable. Harmonic reduction results in higher efficiency of power semiconductor devices 

[4], [5]. The voltage source inverter is made up of the shunt active power filter (SAPF) voltage source 

inverter (VSI). Voltage disturbances in the power system are caused by irregular power generation. The 

algorithmic control method using artificial neural network (ANN) and proportional integral (PI) controllers is 

explained in this work. APFs, like PI (for linear analysis) or predictive (non-linear) controllers, are generally 

controlled and particular. In general, predictive controllers are close to the current power system. The current 

methods demonstrate how to increase APF performance under dynamic settings. It will be capable of 

precisely executing the reference signal for the current parameter while maintaining direct current (DC) 
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voltage [5], [6]. This control approach illustrates how to handle multivariate features in electric drive 

applications. It provides a straightforward way to compensate for dead time and replace pulse width 

modulation (PWM). The advantage of this approach is that it is suitable for all APF applications because the 

output parameters are known. 

 

 

2. MODEL OF A FOUR-LEG PWM-VI CONVERTER 

The non-traditional energy producing system is depicted in Figure 1, along with a typical 

distribution system. It consists of several non-conventional energy production units, such as wind and solar 

energy, and distributes power created to small businesses and homes [6], [7]. Battery banks must be 

employed for long-term energy storage. Alternating current AC/AC and DC/AC static pulse width 

modulation converters are used in these grids [8]. These converters employ the maximum power point 

tracking (MPPT) approach to get great efficiency from solar and wind energy [9]. SAPF is connected to point 

of common coupling (PCC) in a shunt configuration to reduce current wave disturbances and imbalance. For 

the basis order depicted in Figure 2, SAPF consists of a PWM converter and a harmonic filter [10], [11]. It 

has an equivalent impedance of Zs, an impedance of Zf at the output ripple filter, and an impedance of ZL at 

the load terminals. 

 

 

 
 

Figure 1. Parallel connected power filter for hybrid energy generation 
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Figure 2. For two 3- SAPF, an analogous circuit has been proposed 
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The study of the PWM converter [12] is shown in Figure 3. It's comparable to a three-phase 

converter with the fourth leg connected to a neutral bus. By increasing the frequency at which switches are 

turned on and off, this architecture enhances the control litheness and voltage quality that is productive. In 

terms of frequency of switch on and off states, The voltage is calculated in x volts, which is determined from 

the neutral point n. 

 

𝑣𝑥𝑛 = 𝑆𝑥 − 𝑆𝑛𝑣𝑑𝑐  , 𝑥 = 𝑢, 𝑣, 𝑤, 𝑛  (1) 

 

In terms of mathematical analysis, the corresponding circuit is shown in Figure 2. 

 

𝑉0 = 𝑣𝑥𝑛 − 𝑅𝑒𝑞𝑖0 − 𝐿𝑒𝑞
𝑑𝑖𝑜

𝑑𝑡
  (2) 

 

Where Req and Leq are the impedance of the thevenin at the second port. As a result, utilising Thevenin's 

phenomena, equivalent impedance can be calculated algebraically as (3). 

 

𝑧𝑒𝑞 =
𝑍𝑠𝑍𝐿

𝑍𝑠+𝑍𝐿
+ 𝑍𝑓 = 𝑍𝑠 + 𝑍𝑓  (3) 

 

The impedance equivalent value is omitted, resulting in ZL>>Zs and a reactance linked in series 

value of 3–7% p.u., which is appropriate for a practical system. As a result of (2). 

 

Req = Rf and Leq = Ls+ Lf. 
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Figure 3. Pulse width modulation for a four-leg circuit with two levels 

 

 

3. CURRENT CONTROL DEVELOPMENT WITH DIGITAL TECHNOLOGY 

The proposed current control strategy using digital technology is depicted in Figure 4. It outlines a 

control algorithm that is fed into a microprocessor as an input. To illustrate time delay and its assumptions, 

discrete mathematics is used. It uses the most switching structural information available to apply to the 

converter. 
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Figure 4. Digital technology was proposed for current control 
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3.1.  Generator of current reference 

This is a unit that will not be capable of reflecting current technology, that is under a saturated load. 

The system voltages and load currents are measured using this method. As a result, the output current profile 

of the signals at the neutral point terminal and the load terminal is developed. 

 

3.2.  Model of prediction 

It functions in a discrete time frame. It's a cyclic vector equation that represents a forecasting model. 

It can construct a sample time Ts and assume following states at any instant [k + 1] Ts knowing the frequency 

of the converter's on and off phases at simultaneous kTs. All approximations are in first order because the 

equations are in a single order ripple filter.  

 
𝑑𝑥

𝑑𝑡
=

𝑥[𝑘+1]−𝑥[𝑘]

𝑇𝑠
 (4) 

 

The current at port 2 and its algorithm calculated 16 possible predicted data from (2) and (4).  

 

𝑖0[𝑘 + 1] =
𝑇𝑠

𝐿𝑒𝑞
(𝑣𝑥𝑛[𝐾] − 𝑣0[𝐾]) + (1 −

𝑅𝑒𝑞𝑇𝑠

𝐿𝑒𝑞
) 𝑖0[𝐾]  (5) 

 

The voltage at the input port, Vo, and the voltage at the conversion port, Vxn, are required to anticipate 

current at the output port, io at (k + 1), as shown in (5). This algorithm is used to determine all sixteen values 

involved in various groups. 

 

3.3.  Optimization of the cost function 

The 16 anticipated readings for io [k + 1] are contrasted to the precedent using a cost function g: to 

determine the best duty cycle for the power converter. 

 

𝑔(𝑘 + 1) = [𝑖𝑜𝑢
∗ (𝑘 + 1) − 𝑖𝑜𝑢(𝑘 + 1)]2 + [𝑖𝑜𝑣

∗ (𝑘 + 1) − 𝑖𝑜𝑣(𝑘 + 1)]2 
+ [𝑖𝑜𝑤

∗ (𝑘 + 1) − 𝑖𝑜𝑤(𝑘 + 1)]2 + [𝑖𝑜𝑛
∗ (𝑘 + 1) − 𝑖𝑜𝑛(𝑘 + 1)]2  (6) 

 

The output current (io) matches the standard current (i*o) when g = 0. As a result, the improvement aim for 

the value/price combination is to get the g value as close to zero as possible. At the next sample state, the 

voltage vector vx with the lowest cost function is chosen and used. From the 16 alternative function values at 

each sample state, the switching state that offers the lowest price of g is chosen. The algorithm selects the 

smallest switching state and applies it to the converter throughout the k + 1 stage. 

 

 

4. PRODUCTION OF CURRENT REFERENCE SIGNAL 

With the dq approach, the reference signals for the current parameter are provided as input from the 

reference generator. It has a fast and accurate signal tracking capacity. It eliminates voltage fluctuations, 

which have a negative impact on compensating performance [13], [14]. Figure 5 shows the reference signals 

for equivalent currents at the load terminal. The current reference generator creates current signals to 

decrease current imbalance, disturbances in current, and reactive power. The apparent power applied by an 

active power filter to a load terminal is expressed in terms of sin(L) and (THD(L)) as (7). 

 

𝑆𝐴𝑃𝐹

𝑆𝐿
=

√𝑠𝑖𝑛∅(𝐿)+𝑇𝐻𝐷(𝐿)
2

√1+𝑇𝐻𝐷(𝐿)
2

  (7) 

 

The peak current due to harmonics, given as the square of the fs, is the THD of a load, according to 

the (7). The current due to the distortion component will be reduced to half of the converter's on and off cycle 

frequency [14], [15]. The dq-based approach employs a rotating reference frame. The reference signals 

sin(wt) and cos(wt) were coordinated, and the phase of the reactive current elements was changed by 900. all 

of which were acquired from a synchronous coordinate system. When the phase locked loop PLL voltage is 

totally disrupted, pure sinusoidal waveforms can be generated. We can reduce tracking errors as well as 

phase voltage unbalancing, harmonics [16], [17], which can arise during measurement. The link between the 

important currents iLx(t) (x = u, v, w) and their dq components is seen in (8) (id and iq). 
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[
𝑖𝑑
𝑖𝑞

] = √
2

3
[

𝑠𝑖𝑛𝜔𝑡 𝑐𝑜𝑠𝜔𝑡
−𝑐𝑜𝑠𝜔𝑡 𝑠𝑖𝑛𝜔𝑡

] [
1

−1

2

−1

2

0
√3

2

−√3

2

] [
𝑖𝐿𝑢

𝑖𝐿𝑣

𝑖𝐿𝑤

]  (8) 
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Figure 5. Using a dq-based approach as a current reference generator 

 

 

Between currents at phase and the equivalent AC and DC components of Iq, there is an 1800 phase shift. To 

keep the DC voltage constant, the converter's reference current and amplitude must be changed by summing 

a lively power reference signal. In part 4.1, it will go through everything in detail. The reverse Park and Clark 

transformation, as illustrated in, aids in the conversion of id and iq signals to three-phase systems (9). 

 

 [
𝑖𝑜𝑢
∗

𝑖𝑜𝑣
∗

𝑖𝑜𝑤
∗

] = √
2

3

[
 
 
 
 

1

√2
1 0

1

√2
−

1

2

√3

2

1

√2
−

1

2
−

√3

2 ]
 
 
 
 

× [
1 0 0
0 𝑠𝑖𝑛𝜔𝑡 −𝑐𝑜𝑠𝜔𝑡
0 𝑐𝑜𝑠𝜔𝑡 𝑠𝑖𝑛𝜔𝑡

] [

𝑖0
𝑖𝑑
∗

𝑖𝑞
∗
]  (9) 

 

The current flow through the neutral of the load will be balanced by keeping the equivalent abrupt 

value computed from currents at phase, phase shifted by 1800 as seen in the following diagram. 

 

𝑖𝑜𝑛
∗ = −(𝑖𝐿𝑢 + 𝑖𝐿𝑣 + 𝑖𝐿𝑤)  (10) 

 

The main merit of the current generator explained using a dq-based method is that it allows the use of a direct 

controller with DC voltage control. The main disadvantage is that the dq-based current coordinate system 

algorithm will not organise the current reference second order harmonic component under unbalanced 

operation. The amplitude of the harmonic generated is determined by the imbalanced load current. It can also 

produce second and third order harmonics of id and iq, as well as third order harmonic current. Because the 

load current is devoid of third-order harmonic current, it passes through the load. 

 

4.1.  DC voltage control 

Basic PI controller is used to control DC voltage. The slow reaction of electrolytic capacitors has 

little effect on current transient responsiveness. As a result, the PI controller can be used to control DC 

voltage [18], [19]. The voltage profile is corrected until no losses are incurred and it is kept constant.  
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Figure 6. Maintaining the Voltage Profile for DC diagram 
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The amplitude of APF in the phase voltage direction is stabilised [20] and absorbs active power. As 

shown in Figure 6, the applied DC voltage is compared to a constant reference value. With gains Kp and Ti, 

the error created is sent to the PI Controller. With DC voltage, the single order controller with PI is fed to the 

transfer function. 
 

𝐺(𝑠) =
𝑣𝑑𝑐

𝑖𝑐
=

3

2

𝐾𝑝𝑣𝑠√2

𝐶𝑑𝑐𝑣𝑑𝑐
∗   (11) 

 

The controller with PI is done in the same way as a closed loop TF and is shown in (12), (13). 

 

𝐶(𝑠) = 𝐾𝑝 (1 +
1

𝑇𝑖 .𝑠
) (12) 

 

𝑣𝑑𝑐

𝑖𝑐
=

𝜔𝑛
2

𝑎
.(𝑠+𝑎)

𝑠2+2𝛿𝜔𝑛.𝑠+𝜔𝑛
2   (13) 

 

with ζ = 1 a critically damped response system is created, Angular speed with natural frequency, ωn= 2π •100 

rad/s, Integral time, Ti = 1/a and proportional gain Kp can be measured using ANN.  

 

𝛿 = √
3

8

𝐾𝑝𝑣𝑠√2𝑇𝑖

𝐶𝑑𝑐𝑣𝑑𝑐
∗   (14) 

 

𝜔𝑛 = √
3

2

𝐾𝑝𝑣𝑠√2

𝐶𝑑𝑐𝑣𝑑𝑐
∗ 𝑇𝑖

  (15)  

 

4.2.  Training of ANN 

When compared to fuzzy controllers, ANN is more useful because it is more efficient and fault 

tolerant. To improve control quality, data from hard controllers can be communicated with intelligent 

controllers utilising ANN [21], [22]. Feed forward neural networks perform the function of the compensation 

signal generator [23]. It has three layers, with seven neurons in the input layer and twenty-one neurons in the 

hidden layer (see Figure 7). 
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Figure 7. ANN network structure proposed 

 

 

The output is influenced by the sort of input and how it evolves. As previously stated, the proposed 

concept consists of seven input neurons. The reference, load voltage, source current, and output for error (PI) 

controllers are among them. The output of the ANN is based on fundamental reference currents. The 

hysteresis load current controller consists of switching signals as output. 

 

 

5. HARMONIC REDUCTION USING MPPT 

MPPT techniques can also be used to solve the main harmonic problem. The MPPT system stands 

for maximum power point tracking [24]. MPPT approaches include perturbation and observation [P&O], hill 

climbing (HC), fractional voc, and fractional Isc, as well as newer techniques like fuzzy logic, met heuristic 

algorithms, and ANN. These techniques aid in maintaining consistent precision, doubling tracking speed, and 
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converting significant amounts of energy and power. The P&O approach is the most often utilised MPPT 

technique in solar systems [25], [26] among all available methods. The P&O approach aids in maximum 

power tracking, as well as balancing voltage, current, and power among solar PV modules and assisting in 

power rise or decrease. The Table 1 provides a detailed examination of several MPPT strategies [27], [28] for 

reducing THD. 

 

 

Table 1. Summary of methods in MPPT 
MPPT Techniques 

methodology 

Benefits Limitations 

P&O (Perturb and Observe) Implementation is simple and low-cost, with 

minimal sensor needs. 

P&O fails to determine the genuine MPP and 

oscillates around it as efficiency drops due to 

rapid environmental change; consequently, its 

performance must be enhanced. 

HC (Hill Climbing) Structure is simple and straightforward to 

implement. 

Under varying solar irradiance levels, HC 

falls to track the MPP and oscillates about it; 

the tracking technique must be enhanced. 

Incremental conductance Improved performance in settings with quick 

changes in temperature and low oscillation 

around the MPP 

MPP is impossible to track in partial shade, 

and the complexity of its control circuitry 

results in a high system cost. 

RCC (Ripple Correlation 

Control) 

MPP tracking at high sun irradiation using 

simple, less expensive analogue circuitry and 

quick tracking 

At low solar irradiation, RCC has limited 

tracking capability; significant tracking steps 

are necessary near the MPP. 

Voc A simplified technique was utilised to apply a 

linear relationship between Voc and the 

maximum output voltage of a PV array in an 

offline (stand-alone) application. 

The MPP tracking procedure has a poor level 

of accuracy, and circuit operation can be 

disrupted by intermittent load shedding. 

Isc Simplified offline approach that is more 

accurate than the Voc methodology, with a 

linear relationship between the Isc and the 

current at the MPP. 

This method has a significant implementation 

cost. 

Current sweep The PV array current sweep waveform is used 

to obtain PV array I-V characteristics by 

updating it to track the MPP at a defined time. 

Only possible if the tracking unit's power 

consumption is less than the PV system's 

power increase. 

Controlling the droop of a DC 

link capacitor 

When the AC system line current is fed back 

to current sagging created by the DC link 

voltage, the MPPT functions well. 

Designed and developed specifically for use 

when the PV system is linked to the AC 

system line in a cascade. 

Maximization of load 

current/voltage 

When the PV array is linked to a lossless 

power converter, increasing the load current 

or load voltage maximises the PV array's 

output power near the MPP. 

The assumption that the power converter is 

lossless creates uncertainty in determining the 

precise MPP. 

dP/dV or dP/dI feed back 

control 

Complex computations can be handled, and 

the MPPT algorithm performs well. 

Because of the non-linear relationship of 

dP/dV vs V, it is characterised by instability 

and non smoothing. 

PSO (Particle 

Swarm Optimization) 

Zero steady state oscillation and a fast and 

stable tracking speed 

It's challenging to determine the best design 

parameters. 

FLC (Fuzzy Logic Controller) FLC does not necessitate technological 

expertise, and the design is straightforward. 

MPP can be monitored in different weather 

conditions. 

FLC may or may not be effective, depending 

on whatever computation error is used. 

ANN (Artificial Neural 

Network) 

Because ANN is good at nonlinear tasks and 

has a high tracking efficiency, no learning-

based reprogramming is required. 

Because the PV array properties change over 

time, periodic training is required to ensure 

accurate MPP. 

DE (Differential Evaluation) Under partial shadowing, it converges quickly 

and finds the MPP without oscillation, and it 

can follow the MPP in rapidly changing 

environmental conditions. 

Under continual partial shade, DE takes a 

long time to achieve the MPP. 

GA (Genetic Algorithm) Good MPP tracking performance, quick 

tracking process, and ability to achieve the 

global peak without oscillation. 

Because GA is a non-deterministic method, 

the outcome may differ each time the 

algorithm is executed. 

 

 

6. SIMULATION RESULTS 

The simulation results of proposed circuits are displayed in Figure 8. From the Figure 8(a) shows 

the terminal voltage, Figure 8(b) explain about load at the terminal of current profile, Figure 8(c) explain 

about Current profile at Active filter terminal, Figure 8(d) displays about Neutral current profile at load 

terminal, Figure 8(e) shows the Current at neutral terminal, Figure 8(f) displays Current in the system Figure 

8(g) gives about Voltage profile at DC converter, and Figure 8(h) Current at the grid. The simulation THD 

values for the proposed circuit with PI and ANN controller for reduction of harmonic distrortion are shown in 
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Figure 9. Figure 9(a) will gives the values of THD in case of PI controller and Figure 9(b) will gives the 

values of THD in case of ANN controller, same will displayed in the Table 2. 

 

 

  
 

Figure 8. Circuit outputs that have been proposed; (a) voltage at the source terminal; (b) at the load terminal, 

the current profile; (c) at the active filter terminal, the current profile is displayed; (d) at the load terminal, the 

current profile is neutral; (e) current flowing via the neutral terminal; (f) currently available in the system; (g) 

DC converter voltage profile; (h) the current state of the grid 

 

 

  
(a) (b) 

 

Figure 9. Values of THD, (a) with a PI controller 4.18 percent and (b) with ANN controller 2.97 percent 

 

 

Table 2. Total harmonic distortion of current profile at source terminals using PI and ANN (%) 
Controller Nonlinear Load1 Nonlinear Load2 Unbalanced Load3 

PI 2.53% 4.18% 2.75% 

ANN 1.04% 2.97% 1.75% 
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7. CONCLUSION 

The study proposes using SIMULINK to implement SAPF with ANN. The SAPF compensates for 

harmonics by using a non-linear load. Therefore, it was determined that using PI, the overall harmonic 

distortion of the current profile at source terminals is 4.18 percent, but using an ANN controller, it is 2.97 

percent. It's also been put through its paces under various nonlinear load circumstances, with the results 

tabulated. As a result of the results obtained, it is concluded that PI is less effective than ANN.  
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