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ABSTRACT 
Based on space vector modulation, we suggest a DPC technique for use with shunt active power filters (SVM). 
It is proposed that this control mechanism take the role of conventional DPC processes. Active and reactive 
power ripples may be mitigated using SVM since the switching frequency is maintained constant. The 
performance of the suggested approach is enhanced by the employment of an adaptive neuro fuzzy inference 
system (ANFIS) in conjunction with a Super twisted Sliding Mode control (ST-SMC) controller in both the 
active and reactive power loops. The suggested control DPC-SVM is based on ANFIS-ST-SMC, and we use 
MATLAB/Simulink to both simulate and then implement it. 
Keywords: DPC, ANFIS controller, ST, SMC, SVM, SAPF. 
I. INTRODUCTION 
In recent years, power electronics have allowed for significant advancements in static conversion equipment, 
which has many practical and public uses. They degrade electrical transmission when used in large quantities 
[1]. System and device failures are increased by voltage distortion and harmonic currents, which reduce the 
efficiency of the grid [2, 3]. A PCS (power conditioning system) can mitigate the unfavourable effects of these 
loads. There is widespread agreement on the fundamental principles and organisational structures 
underpinning such payment plans [3, 4]. Power conditioning systems are available, and they are not 
prohibitively expensive. Modulatable electronic components, like IGBTs, have allowed for the expansion of 
previously unexplored applications. Downstream harmonics and reactive power can be balanced by connecting 
connection of a three-phase inverter to the grid's distribution system. In SAPF, an inverter equipped with 
decoupling inductance is used. The inverter's waveform is a perfect match for the standard utility supply. This 
guarantees sinusoidal three-phase current and mains voltage regardless of load. 
active parallel filter Three-phase inverters can be used to construct a series active filter compensation structure. 
A global compensation system [5] is actually the result of two systems being combined. Because of the active 
parallel filter's superior compensating capabilities, the other two are secondary. Increase the power grid's 
resilience to fluctuations and outages. 
The literature on SAPF regulation is mixed. DPC regulates the concentration of volatile organic compounds 
in the environment. The first presentation of the principle can be found in [6] Error-based switching tables 
should be implemented in place of the modulation block and any internal loops. It was Direct Torque Control 
that came first (DTC). Manages the stator's torque and magnetic flux [7]. Power factor correction (DPC) was 
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proposed by grid-connected rectifiers [8]. Controls offensive and defensive mechanisms. Features of the 
traditional DPC: There is no need for modulators, coordinate transformations, or nested loops in the 
computation of instantaneous powers. Some of the problems include: If the switching frequency is not 
constant, a clean current waveform cannot be achieved without inductance. Unpredictable switching behaviour 
and unequal switching frequency can cause resonance, acoustic noise, and significant ripples in SAPF 
controller variables, which in turn can lead to incorrect main voltage and harmonic loss estimation. Inability 
to differentiate between proactive and reactive errors can compromise the reliability and efficiency of a system. 
DPC benefits from table switching [10]. This set of tables is an improvement over that found in [8]. It is 
possible to estimate grid voltages by adjusting the converter and filter parameters. If you want to get a close 
approximation of grid voltages, [1] suggests using converter and filter voltages. They are easy to implement, 
as shown in [2], and rely solely on the angle of the mains voltage to supply a broader range of power with 
increased efficiency and precision in the switching table [8]. 
 
The discussed methods are straightforward, efficient, and trustworthy. This slows down the pace at which 
industries adopt the technology. To get around these frequency limitations, various methods of adjusting the 
DPC, and more specifically the DTC [5] switching frequency, have been explored. Those inverters that are 
connected to the grid use P-DPC. By selecting a predictive voltage vector sequence, direct power control 
allows for greater transient dynamics and a more consistent switching frequency. As recommended by [9], 
DPC-SVM can help keep the switching frequency stable. By combining VOC vector control and conventional 
DPC, DPC-SVM is able to maintain constant power output. Vector modulation is able to maintain a steady 
switching frequency while reducing power surges and dips [8]. With DPC-SVM, the frequency of the blocks 
remains constant [9]. Conventional DPC-SVM is prone to power overshoot because of ill-adjusted gain values 
[7]. 
Robust controllers improve the DPC-regulation. SVM's Strategies for nonlinear control include those that are 
immune to input, can withstand external disturbances, and can dynamically respond to changing conditions. 
Changes to sliding-mode control over time. Exceptional robustness in the face of modelling errors and 
environmental disturbances. It has always been the case that the theory of sliding modes is only a hypothesis. 
In [2], the fragile boundary layer's sliding mode is used to reduce idle chatter. The input signal is muted by 
SMC (second-order) controls. More advanced forms of SMC reduce operational noise in power systems. 
Higher-order SMC characteristics include extreme twisting, sub-optimal algorithms, and terminal SMC control 
algorithms. The second order of the SMC is where the vast majority of super-twisting takes place (s). When 
implementing higher-order SMC, it is crucial to make use of sliding surfaces and recursive derivative 
calculations. The ST-main SMC can withstand some model error and some background noise without 
compromising its dependability. The author of this article discovered that super-twisting isn't used anywhere 
along the electricity's distribution or transmission chain. Extreme twisting happens only rarely. Fixing high-
power ripple and variable switching frequency are two issues that these complex and/or computationally 
intensive techniques can help conventional DPC with. Explore the concept of super-twisted sliding mode 
control. ST-SMC controllers improve DPC stability and SVMs. ST-SMC generates a continuous control law 
that is both quick and reliable. Enhancements have been made to THD, power ripples, and efficiency. APF has 
not been used in the proposed application. To keep the system steady, ST-SMC is applied independently to 
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each component. 
 
II DESIGN OF THE SYSTEM 
1. SHUNT ACTIVE POWER FILTER: 
An active power filter is a device that produces harmonics at the same frequency as the load but with a phase 
shift of 180 degrees. This means that the utility supply can be made sinusoidal by inserting these harmonics 
into the line at the point of common coupling, which also eliminates load current harmonics. Active filters can 
either be connected in a series or in a shunt. Schematically depicted in Fig. 3 is the fundamental operation of 
a shunt active power filter, which works to cancel out harmonics in the load current by injecting a current of 
the same frequency but opposite phase. 

 
   Figure 1: Basic scheme of shunt active power filter 
 
To inject the load's harmonics at a 180-degree phase shift, the shunt active power filter acts as a current source. 
The nonlinear load linked to the utility may have its voltage controlled and harmonics isolated by using a series 
of active power filters, as shown in Fig. 1. 
Shunt active power filters improve power quality by reducing problems associated with nonlinear loads. These 
problems include reactive current, fluctuating current, unbalanced currents, and excessive neutral current 
(APFs). Nonlinear loads supplied at current levels between around 0.5 and 1.5 A are best for use with these 
shunt APFs. Voltage source inverters (VSIs) that use pulse width modulation (PWM) for power factor 
correction are preferred because of their inexpensive cost, compact size, low weight, and negligible power 
losses. Depending on the voltage input, shunt APFs may be classified as either single-phase two-wire, three-
phase three-wire, or three-phase four-wire. To better understand how nonlinear loads affect the power filter 
rating of shunt APFs, we conduct an analytical analysis and illustrate our findings with a variety of numerical 
examples. One of the most effective retrofit methods for lowering AC mains pollution from nonlinear loads is 
the installation of shunt APFs. 
 
2. SPACE VECTOR PULSE WIDTH MODULATION TECHNIQUE 
Field-oriented control regulates the stator current's magnetising and torque-producing components in modern 
three-phase induction motors and permanent magnet synchronous motors (BLAC or PMAC motors). Thus, 
the torque-generating component can be kept orthogonal to the rotor's flux to maximise torque. In the final 
step of field-oriented control, space vector pulse width modulation (SVPWM) determines the pulse-width 
modulated signals for the inverter switches that supply the motor with three-phase voltages (FOC). A three-
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phase power converter uses "space vector PWM" for its six power semiconductor switches. Space vector pulse 
width modulation (SVPWM) is a popular PWM method for controlling induction and permanent magnet 
synchronous motors with three-phase voltage-source inverters. This method outperforms sinusoidal PWM. 
Instead of phase modulators, the complex reference voltage vector is modulated. Considering the motor's three 
phases does this. SVPWM uses voltage more efficiently, reduces harmonic distortion in output voltage and 
current delivered to ac motor phases, and saves energy compared to sinusoidal modulation. SVPWM's constant 
switching frequency makes frequency adjustments easy. Modern DSP-based control systems can implement 
SVPWM, which is more complicated than sinusoidal PWM or hysteresis band current control. 
Explaining space vector PWM. Modern vector and direct torque drives use this PWM method. This method 
generates a reference voltage for current control in a vector-controlled drive while the reference frame is 
moving. A three-phase VSI has eight switching states—six active and two zero. In Fig. 1, these vectors form 
a hexagon with six 60-degree sectors. SVPWM generates a three-phase sinusoidal voltage by switching 
between the two active vectors closest to zero. Figure shows how much time it takes to apply each space vector 
relative to the reference vector in the first sector. 

      
 

Figure 2: The principle of space vector time calculation 
 
Each leg should only switch states once per switching period for SVPWM to achieve its goals of fixed 
switching frequency and best-possible harmonic performance. To accomplish this, in a single switching period 
of half a second, a zero state vector is applied, followed by a pair of active state vectors. In contrast to the first 
half of the switching period, the second half is the polar opposite. Seven segments make up the entire switching 
period: a quarter of the zero-vector time is used up upfront, then half of the active-vector time is used up, and 
finally the remaining quarter of the zero-vector time is used up. In the second half of the switching period, this 
process is repeated. This is the process that yields symmetrical SVPWM. Fig. 2 shows the voltage in the legs 
during a single switching cycle for sector I. 
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Figure 3: leg voltages and space vector disposition for one switching period 

 
Table 1: The reference vector in sinusoidal space-time is a hexagon. 

 
The reference vector in sinusoidal space-time is a hexagon. The largest possible SVPWM output voltage is 
equal to the diameter of the hexagon's innermost circle. This circle touches the vector at each of its extrema. 
 
4. SUPER-TWISTING SLIDING MODE CONTROL: 
Controlling the super-twisted sliding mode is a topic of current research. The proposed DPC-SVM control can 
be made more robust and stable by incorporating robust controllers based on ST-SMC. Suppressing chattering 
and maintaining fast response times are the goals of ST-SMC, a high-order sliding-mode algorithm that 
generates a continuous control law. Because of the high chattering effect, conventional sliding mode 
controllers are not widely used, which results in poor control precision and excessive power loss due to 
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switching. Higher order sliding mode control is one strategy for fixing the problem. It keeps all the benefits of 
a regular sliding mode controller while doing away with chattering. The second time derivative of the sliding 
variable is used by the second order sliding mode controller. Sliding mode controls of the super twisting variety 
are a second-order variant. To implement a sliding mode controller using the super-twisting algorithm, it is not 
necessary to know the derivatives of the sliding variable. It's guaranteed to smooth out the power supply and 
improve performance, compensation, total harmonic distortion (THD), and most importantly, power ripples. 
The proposed application is unprecedented in the annals of active parallel filtering. Once a candidate Lyapunov 
function has been identified as optimal, ST-SMC control is applied independently to each subsystem. 
 
III DEVELOPMENT OF SAPF–ST-DPC-SVM 
Energy storage, grid-coupling, DC-AC conversion (inverter), control, and signal conditioning circuits are the 
five main components of a SAPF. A SAPF works by storing DC voltage in a capacitor on the DC side of the 
inverter. For this reason, we call this type of inverter a voltage source inverter (VSI). The inductance used as 
the phase coupling element between the VSI and the supply grid establishes the rate of change of the 
compensating currents. 
 
1. DPC SVM- ST-SMC:  
One way to get around the problems with conventional DPC is to use a voltage modulator (instead of a 
switching table) to keep the switching frequency stable. In this case, the Direct Power Control with Space 
Vector Modulation (DPC-SVM) has a block diagram that differs slightly from the one previously used (see 
[9]). After the coordinate transformation, a vector modulation is applied to the output by two ST-SMC 
controllers in the rotating reference frame. These adjustments make it possible to use a fixed switching 
frequency and a lower sampling rate in practise. This is primarily because the modulator places inherent 
constraints on the current dynamic. Using this method of control, one can achieve excellent dynamics [2]. 
 

 

 
Figure 4: The proposed DPC-SVM, which is based on ST-SMC, as shown in a block diagram. 

 
As can be seen in Fig. 6, the central idea behind the proposed DPC-SVM is depicted visually. Two ST-SMC 
controllers, with the aid of the SVM block, calculate the switching state of the semiconductors based on the 
errors between the reference values of the instantaneous active and reactive powers and their measurements. 
To create the active power reference, a PI corrector is used to regulate the DC bus voltage loop. The goal is to 
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achieve unity power factor [5], which is why the reactive power reference is set to zero. 
 

2. ST-SMC: 
The usage of super twisting sliding mode control in the engineering of active and reactive power regulators is 
discussed in this section. Higher-order sliding modes generalise the original first-order idea. The hypothesis is 
based on higher-order derivatives of the sliding surface. The performance and robustness of the sliding mode 
control are preserved, and the chattering effect is greatly reduced. To determine the n-th order in sliding mode 
control, one uses the expression: 

      (9) 
The super twisting (ST) control law u(t) has two primary building blocks. The time-dependent derivative of 
the first segment is (u1). The function of the varying point of departure defines the second portion (u2) [2]: 
The following expressions describe the ST control law: 

      (10) 
Where: 

     (11) 
The Super Twisting controller is adjusted with gains λ and α.    A coefficient ρ called controls how much 
nonlinearity there is. The range of possible values for it is: 

       (12) 
It is common practise to set = 0.5 in order to achieve full potential in second-order sliding-mode control. 
Taking that to be 0.5, the expression [2] provides rule for super-twisting controllers of mechanical and 
electrical systems. 

    (13) 
Here, λp and αp stand for the ST-SMC controller's gains. Convergence of the control laws may be 
accomplished by the randomised adjustment of these gains [8]. In most situations, the gain λp is more 
beneficial for system responsiveness. Accuracy at steady state can be affected by the p gain. To implement 
this controller, the sliding mode derivative is unnecessary. To ensure convergence in finite time, Levant [9] 
gives the following sufficient conditions: 

      (14) 
The positive bounds Ф on the unknowable function are denoted by ϕ. The positive upper and lower bounds of 
the uncertain function are ΓM and Γm, respectively [30], as shown by the second derivative of the sliding 
collector. capabilities (both proactive and reactive in our situation). 
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Where: 

     (15) 
If we assume GM and Gm to be positive constants, we can simplify the controlled scheme by assuming that 
the system is linear under the control law u [1]. The following expression describes Second-order sliding 
regulator reference power output. 

      (16) 
3. Stability proof: 
The following formula demonstrates that Vnom is a sufficient candidate function of Lyapunov, as presented 
by Barth in [3]. 

      (17) 
To prove such functions converge to zero in limited time, we use the symbol S to denote the tracking errors 
for active and reactive power. Interesting enough, the semi-negative definition of equation 20 is used to 
represent the preceding dynamic schemes as a non-deterministic first order model: 

      (18) 
The system disturbance, denoted by G, is dampened by the source inductances Ls and the control quantity in 
the power loops, denoted by vd and vq. Taking it into account, the disruption to system G is as follows: 

      (19) 
Since this is the case, we can write out the expression for the gradient of the vnom function:

    (20) 
This gradient is made negative by choosing  λ> Gmax, which denotes asymptotic stability of the system. 
 
 
IV. IMPLMENTATION OF FUZZY BASED SAPF-ST-DPC-SMC 
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Figure 5: Block diagram SAPF using DPC-SVM 

 
When it comes to solving function approximation issues, using a data-driven method, ANFIS employs neural 
networks to make inferences. Clustering a training set of numerical samples of the unknown function being 
approximated is a common step in data-driven approaches for constructing ANFIS networks. ANFIS networks 
have been put to excellent use ever since they were first developed including those requiring categorization, 
pattern recognition, and rule-based process management. The fuzzy model provided by Takagi, Sugeno, and 
Kang is used here as part of a fuzzy inference system to formally describe a methodical strategy for deriving 
fuzzy rules from an input output data set. 
 
ANFIS structure 
The considered fuzzy inference system is assumed to have only two inputs and a single output for the sake of 
clarity. The following examples of Takagi and Sugeno-style fuzzy if-then rules may be found in the rule base: 
                          If x is A and y is B then z is f(x,y) 
where A and B are fuzzy sets and z = f(x, y) is a sharp function in the consequent. The function f(x, y) is often 
a polynomial in the two inputs. It may also be any other function that may approximatively represent the 
system's output inside the fuzzy region as indicated by the antecedent. Because each rule consequent is 
described by a fuzzy singleton, a zero-order Sugeno fuzzy model is generated when f(x,y) is a constant. This 
model may be seen as a particular example of the Mamdani fuzzy inference system [4], which is based on the 
same idea. For a Sugeno fuzzy model of the first order, f(x,y) is assumed to be a first-order polynomial. The 
two rules for a Sugeno fuzzy inference system of the first order with two rules are as follows: 
Rule 1: If x is A1 and y is B1 then f1 = p1x + q1y + r1 
Rule 2: If x is A2 and y is B2 then f2 = p2x + q2y + r2 
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In this case, the fuzzy inference system of type 3 suggested by Takagi and Sugeno [3] is implemented. Each 
rule's output in this inference system is a linear mixture of its input variables plus a constant term. The output 
is calculated by averaging the results from each rule and assigning each rule a weight. For the analogous 
ANFIS structure, see Fig. 6. 
 

 
 

Figure 6: Type-3 ANFIS Structure 
 

V. RESULTS & DISCUSSION 
It is believed that the ANFIS structure of the modelled system is the best model since it has the lowest RMSE. 
For this purpose, we employ fuzzy model's initial parameters in light of the new data using the Least Squares 
Estimation (LSE) method. The rules discovered by clustering or grid partitioning are similarly updated by a 
neural network employing the back propagation learning approach with the gradient descent algorithm. As a 
result of this revision, the optimum values for the premise parameters of the fuzzy membership functions used 
to construct the final fuzzy model have been determined. 
Simulation Results: 
Simulation results of PI controller with and without load 
Case 1: 
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Figure 7: Simulation results of source voltage es and source current Is ,load current IL, and filter current Ifl  

under no load 

    
(a)        (b) 

Figure 8: Simulation results of harmonic spectrum of source current and THD with and without load 
 

 
Figure 9: Simulation results of the DC bus voltage under no load 
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Figure 10: Simulation results of active  P and reactive Q power under no load 

case 2: 

 
Figure 11: Simulation results of source voltage es , source current Is, Load current IL, and filter current If 

under load 
 

 
Figure 12: Simulation  results of DC bus voltage under load 
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Figure 13: Simulation results of active P,  and reactive Q power under load 
 
 
Case1: with and without compensation using anfis controller  

 
 

Figure 14: Simulation result of the source voltage Es and the source currents Is, Load current Il, and filter 
current If before and after the implementation of SAPF. 

    
(a)         (b) 

   
Figure 15: Simulation result of the harmonics spectrum of source current and the total harmonic distortion 

before the implementation of SAPF is 24.16% and after the implementation of SAPF is 0.96%   
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Figure 16: Simulation result of the DC bus voltage Vdc before and after the implementation of SAPF. 

 
Figure 17: Simulation result of the active P and reactive Q power before and after the implementation of 

SAPF. 
Case 2: Load changes using anfis controller 

 
Figure 18: Simulation result of the source voltage es under load change. & Fig. 12. Simulation result of the 

source current Is, load current IL, and filter current If under load change 
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Figure 19: Simulation result of the DC bus voltage Vdc under load change. 

 
Figure 20: Simulation result of the active P and reactive Q powers under load change. 

 
(a)                                                                                                         (b) 
Figure 21: Output response THD for proposed system,(a) Supply current THD (b)Load current THD 

 
Table No:2 

Control Strategies THD 
BEFORE                                 AFTER 

DPC-SVM-ST-SMC Based 
PI 

24.16% 0.96% 

DPC-SVM-ST-SMC Based 
ANFIS 

4.64% 0.43% 

 
VI. CONCLUSION 
In this work, we provide a technique to direct power control using a space vector modulation DPC-SVM based 
on an ANFIS with super twisting sliding mode control. To mitigate the negative effects of harmonic 
components brought on by nonlinear loads, the proposed control employs a shunt active power filter SAPF. 
The proposed DPC-SVM control method was tested in steady-state and non-linear-load distorted situations to 
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determine its efficacy. Both theoretical and practical evaluations have shown that the systems' performance 
and functionality are sufficient. Compared to the DPCS-SVM constructed on the ST-SMC controller, the 
proposed control performances increase efficiency. ANFIS-ST-SMC controllers are the obvious starting point 
for the proposed DPC- SVM control, which are capable of producing superior THDi results through 
simulation. Conversely, the test performance indicators have provided solid proof of the efficacy of the 
suggested control. Additionally, since the reactive power is essentially negligible, a power factor of unity is 
maintained at all times. 
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